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Abstract

Part I:1 An approach to the total synthesis of the triterpene shionone
is described, which proceeds through the tetracyclic ketoneli: The
shionone side chain has been attached to this key intermediate in 5
steps, affording the olefinlg_in 29% yield, A method for the stereo-
specific introduction of the angular methyl group at C-5 of shionone
has been developed on a model system, The attempted utilization of

this method to convert olefingg_into shionone is described.

s

Part II: A method has been developed for activating the C-9 and C-10
positions of estrogenic sterolds for substitution, Estrone has been
converted to 4 p »5 B -epoxy-108 -hydroxyestr-3-one; cleavage of this
epoxyketone using an Eschenmoser procedure, and subsequent modification
of the product afforded 4-seco-9-estren-3,5-dione 3-ethylene #cetal.
This versatile intermediate, suitable for substitution at the 9 and/or

10 position, was converted to androst-4-ene-3-one by known procedures,
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PART T
EFFORTS DIRECTED TOWARDS THE

TOTAL SYNTHESIS OF SHIONONE



Introduction

While it seems unlikely that steroids (1) and triterpenes (2)
have been produced by nature primarily for the edification of organic
chemists, it remains true that these molecules provide conformationally
well-defined substrates upon which the chemist may test and develop
many of his ideas (3), For the synthetic chemist, they provide as
goals a variety of molecular structures which are complex enough to
tax avallable methods and also to require new ones; yet which are
simple enough to allow progress and understanding to grow from the
attempted syntheses, Due to their biological activity and somewhat
uniform structure, the sterolds have received a great deal of atten-
tion from synthesists over the past few decades (4), but the rather
Bore complex and diversified triterpenes have only begun to yield to
total synthesis within the past ten years,

The first triterpenoid structures totally synthesized were those
of the ol-onocerin skeleton_&r Most characteristic of this structure
is the symmetrical nature of the molecules, which are composed of two
identical halves joined by the C-11, C-12 bond, Such symmetry greatly
simplified the synthesis of these molecules, for every recorded ap-
proach has proceeded through the dimerization of an intermediate such
as 2, By means of this technique, both Corey (5) and Eschenmoser (6)
have formally achieved total synthesis of the onoceradiene structure
L (R=H), wnile Stork (7) has accomplished the first total synthesis of

a natural triterpene, o¢-onocerin Q&! R=0H) (8), Construction of the



small molecules to be dimerized involves only relatively minor stereo-
chemical problems, but a price must be paid before these can be joined
since enantiomeric mixtures will couple to glve both the desired and
undesired diastereomers, Thus enantiomeric purity must either be pur-
chased in some natural starting material or achieved by resolution of
41 products prior to dimerization; the stereochemical serpent must be
appeased,

Another structure common to many natural triterpenes is the poly;
cyclic carbon framework‘éaé, which is shared for example by germanicol
(A-2), lupeol (A-3) and oleanoic acid (A-4, R=COH, A12 olefin), This

atomic array is characterized by a trans-anti-trans-anti backbone (C-5,

C-10, C-9, C-8 and C-14), by 1,3-diaxial angular methyls (on C-10 and
C-8), and by two adjacent quaternary carbons (C-8 and C-14) bearing
methyl groups in the anti orientation,

Early syntheses of this structure were.all based upon the discov-
_ery by Barton and Overton (9) that o-onoceradienedione (A-6) cyclizes






under strongly acidic conditions in 18% yield to the unnatural penta-
cyclic triterpene ¥ -~onocerenedione gﬁ:é’ R=0), This molecule bears
the desired carbon framework'é:}, and thus all of the previously men-
tloned syntheses of the =~-onocerin series might in principle provide
entry into this system as well, Corey demonstrated this transforma-
tion on his o(-onoceradiene intermediate A-7, which he converted to
¥-onocerene (A-5, B=-H2) in 10% yleld (5).

¥hen this approach was directed towards nonsymmetrical pentacyclic
triterpenes of the oleanene structure {w, R=Ci-13, Al12 or A13 (18)
olefin] (10, 11, 12) its shortcomings became clear, Joining of two
nonidentical fragments to form the C-11, C-12 bond was always performed
in a totally nonstereospecific manner, since resolution of two sets of
enantiomers and matching of the proper pairs was never attempted, Giv-
en the mixture of dlastereomers produced from this coupling, workers
reported obtailning oleanenes after cyclization in yields of from 2%
(10) to "low" or "small” (12, 11), It is apparent from these results
that syntheses which do not provide specifically for the introduction
of properly oriented backbone substiiuants cannot succeed to any appre-
clable degree,

Recent}y. elegant and highly stereospecific syntheses have been
reported of molecules containing the;&;} structure, specifically of
germanicol (A-2) by Irsland and co-workers (13) and of lupeol Q&:;) by
Stork and co-workers (i4), Each asymmetric center in these molecules
was introduced with careful regard foxr achieving proper stereochemistry,

While each center presented a challenge, the stereospecific orientation



of the anti-methyl groups on adjacent quatermary carbons Probably proved
the most demanding aspect in each of these syntheses,

Ireland discusses two attempts at introducing this configuration
of atoms, Methylation of the aldehydeig:l, although it does afford the
desired anti-methyl groups in B-Z, was found to proceed with difficulty
and in only 50% yield, This approach was therefore abandoned and the
enonelgzg was synthesized, Conjuzate addition of the appropriate Grig-
nard reagent to this enone, followed by enolate trapping and subsequent
regeneration, afforded the crucial enolate anlan g;&. Treatment of
this with lodomethane stereospecifically produced the desired inter-
mediate 2:2. from axial attack on the enolate anion,

Stork reports only a single approach to ",.. the eritical intro-
duction of the two vicinal trans-methyl groups at C-8 and C-14 ,,.".
Reductive opening of the cyclopropyl ketone_§:2 affords the enclate
anion B-6 (drawn in a different orientation), which on alkylation with
icdomethane stereospecifically produces the desired anti-methyl groups
1n<E;§. The striking similarity of the enolate anions B-4 and B=6 is
indicative of the fact that the actual carbon-carbon bond forming re-
actlion which produces the difficult to achieve anti-methyl groups 1s
the same in both syntheses, The ingenious methods by which these eno-
lates are gesnerated, however, are vasily different and suit other pur-
poses of the schemes into which they fit,

Total synthesis has recently approached yet a third triterpenold
carbon fiamework‘gzé, which is shared by the natural products alnusen-

one {C-2), friedelin (g___;\), and shinone (C-4), Characteristic of this
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structure are the anti-trans-anti-trans backbone (C-i0, C-9, C-8, C-1%4,

C-13), the two 1,3-d%iaxial angular methyls (at C-9 and C-14), and the
two adjacent quaternary carbons (C-13 and C-14) bearing trans-oriented
methyl groups at the C-D ring juncture, Ireland selected the molecule
C-5 as a key intermediate for the synthesis of the pentacyclic molecules
alnusenone (C-2) and friedelin (C-3) (152), and found that once again
construction of the substituted adjacent guaternary centers was a dif-
ficult problem (15b), An initial approach to internediate C-5 was fi-
nally abandoned when all attempts to introduce the o¢-methyl group at
the C.D ring juncture of ketone E;é proceeded in low yleld,

It became clear at this point that logistically it would be wise
to introduce the trans vicinal methyl grouping at an early stage in the
synthesis, Thus a new approach to the pentacyclic E:é was attempted,
and at the same time the synthesis of a new intermediate E;Z WaS el
barked upon, Thls second intermediate was primarily aimed at the tri-
terpene shionone (C-4), but potentially could have served as a precur-
sor for alnusenone or friedelin should the pentacyclic 9:2 have proven
unattalnable, For this tetracyclic intermediate as well, the emphasis
of the synthetic planning was heavily placed upon the proper introduc-
tion of the trans vicinal methyl groups,

Ireland and Welch were able to synthesize the intermediate E:é
by the method shown in Chart D, and finally converted this to di-
alnusenone (16)., The key step in introducing the irans diaxial sub-
stituents relied upon Nagata's hydrocyanation reaction (17) to trans-

form the enone D-3 %o the trans-fused cyano ketone D-4, Subsequent
A Lo P
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reduction of the nitrile to a methyl group followed by a Friedel-Crafts
type cyclialkylation (18) of the olefin mixture D-8, afforded the re-
qulred intermediate 2:2 in high overall yleld,

While this work was in progress, three independent routes towards
the tetracyclic intermediate E;Z were being explored, all with differ-
ent methods for the introductinn of the trans vicinal methyl groups,

J, W, Tilley arrived at the tetracyclic ketone E;? in ca, 3% overall
yield by the route outlined in Chart E (19a), Crucial to this synthe-
sils was the directive effect of the alcohol function oflg;g on cyclo-
propylation of the enol ether (20), which resulted in the required
trans-substituted C-D ring fusion of E-5.

C. Lipinski developed a biogenetically patterned synthesis outlined
in Chart F based upon acid catalized cyclization of the polyolefinic
aldehyde F-7 (21), Previous work on a model system (22) indicated that
cyclization should proceed to give the itrans-fused C-D ring juncture,
and this was realized in practice, The overall yleld of ketone C-7
from dibromide F-1 was ca, 3%,

The third synthesis of key intermediate C-7 was the cyanide addi-
tion approach developed by C, J. Kowalski; the details surrounding its
elucidation have already been discussed (23). This approach parallels
that outlined in Chart D for the pentacyclic intermediate E;é, and in
fact these routes were developed at the same time, Since the overall
yield of ketone C-7 is greatest (10%) by this method, and since the
reactions employed are amenable to large scale production, this route

was used in practice for the actual preparation of tetracyclic C-7,
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Chart E

OCH, CH; O CH; O cn, ™
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Chart F
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The improvements and modifications which have been made in this scheme
after repeated utilization have not as yet been described in any one
work; so the complete and updated version of this key route to inter-
mediate C-7 has been included in the discussion and experimental sec-
tions of this thesis (Charts H and I),

Al]l three syntheses of the tetracyclic intermediate E;Z reached
their goal at about the same time, The products from these routes were
shown to be identical in all respects (mp, mmp, ir, nmr), and a single-
erystal X-ray structure analysis indicated that this materlal did in-
deed have structure C-7 (19b).

Efforts then turned to elaboration of this intermediate into one
of the desired triterpenes, and when the synthesis of alnusencne from
pentacyclic C-5 became fact, shionone (E:E) (24) was singled ocut as
the logical‘choice. J. Tilley attempted to convert the ketone EZZ into
shionone (C-4) by the route outlined in Chart G (194, 25), Construc-
tion of the A ring was the first goal, but this could be accomplished
only afterlmasking the D ring functionality in some sultable form, A
simple olefin was chosen for the mask, and to this end the enol phos-
phorodiamidate‘g;; was prepared from intermediate C-7. Lithium/ammonia
reduction of both the phosphorodiamidate and the aromatlc ring in the
same reactlion vessel gave the dienone G-2 in good yield,

A problem arose at this point, however, for the scheme required
p-alcohol g:& in order to direct cyclopropylation of the A ring olefin
from the A side., Upon reduction of the enone G-2, even using Brown's

tricycloborohydride reagent 3, the ratio of G-3 to G-4 could not be
L L a4 L
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lowered belew 57 to 43, Thus, in order to make this scheme reasonable,
the predominant ¢¢-alcchol had to be separated from the sensitive ﬁ-—
isomer by chromatography, reoxidized to enone G-2, and then recycled
in this manner two more times to obtain a 63% yleld of the desired al-

cohol G-L4,
PP

L®

3 4

Lo " and Ve od

Once this alcchol had been obtained, however, it was readily cyclo-
propylated and oxidized to ketone G-5, Lithium/ammonia reductive cleav-
age of this cyclopropyl ketone, followed by acetic anhydride trapping
of the enolate anion, produced enol acetate G-6 in 72% yleld, A cer-
tain amount of the ketone‘E:§E was almost always isolated from this
reaction as well, Direct alkylation of the enolate anion generated
from enol acetate E;é was never attempted, due to some difficulties
encountered on a model system, Instead the enolate anion was treated
with Simmons-Smith reagent to generate the sensitive cyclopropyl alco-
hol G-7, which was cleaved in acid to the desired methylated A ring
intermediate E;Qg.

Tilley then protected the A ring ketone as the ethylene ketal,
and functionalized the D ring by hydroboration and oxlidation to obtain

ketone G-10, Of several varied attempts to convert the ketone G-10 to
i o 4 P e
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the aldehyde E;&g, only the simple methylene Wittig reaction, followed
by hydroboration and oxidation proved sucecessful, Aldehyde 9;32 was
methylated and the product reduced teo afford the necpentyl alcohol
E;ié. Iodide E;ié was required for coupling with ar-(1,1-dimethylallyl)-
nickel bromide (4) (26) to afford the completed side chain; btut mater-
ial limitations allowed only two attempts at preparation of the lodide
from alcohollgxéé, Both of these attempts failed, and the only mater-
ial remaining then was a small amount of enone‘gzg, from which comple-
tion of the synthesis would not have been possible,

While the goal of shlonone had been so closely approached, it had
not been reached, The work of J, Tilley had generated the shionone A
ring, btut at the same time had demonstrated the shortcoming of the
cyclopropylation approach, i,e, generation of the required axial allylic
alcoho]ngzﬁ. His work had nearly resulted in completion of the side
chain, but in 1ts fallure pointed to a second possible trouble spot in
the scheme, preparation of the neopentyl iodide'§;&§. In light of the
knowledge Tilley had shed on the problems of constructing the shionone
molecule, we set about to attempt the conversion of intermediate
C-7 to shionone, The results of these attempts are set forth in the
body of this thesis,
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Discussicon

Elucidation of the cyanide addition approach to key intermedilate
E:Z has already been described in detail elsewhere (23), In order to
assemble in one work, however, a complete and updated version of this
synthesls, we have decided to present once again the preparative route
to shionone intermediatelgzz. An outline of this approach is contained
in Charts H and I,

Reduction of the starting material, m-methoxycinnamic acid (E;i).
affords alcohol E:g in only moderate (61%) yleld after purification,
The crude alcohol E:g may be used directly in the second step, however,
and when this is done the chloride E:Q is obtained following vacuunm
distillation in an excellent 79% overall yleld from the starting acid
H-1, Preparation of the allylic alcohol H-4 is quite straightforward,
as 1s its oxidation to enone'E:é using Collins reagentj Jones oxidation
in this instance proved quite unpredictable and at times produced only
intractable products, Under very mild conditions 2-methyldihydroresor-
¢inol underwent Michael addition with enone H-5, and the resulting tri-
one.g:é'underwent the known transformation to enone_ﬁzg'according to
the procedure of H, Smith and co-workers (27).

Diethylaluminum cyanide (17a, ¢, f) was used to convert enone H-8
to the Egggg-cyanoketonelgzg in 82% yield, and only small amounts of
the cis-fused isomeraévwere ever produced, It is interesting to note
that when Ireland and Welch used this same reagent'on the enonel%éz

(16), they obtained principally the cis-fused cyanide 6 and only minor
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amounts of the trans-isomer D-4, In order to obtain the deslred trans-

CH,0

)

isomer D-4, they had to use a mixed reagent (17a, c, e) of triethyl-
aluminum and hydrogen cyanide in tetrahydrofuran,

The results of Ireland and Welch are consistent with studies by
Nagata (17b, 4) which indicate that with diethylalumimum cyanide, enones
such as ‘Z’undergo reversible 1,4-addition of cyanide; the thermodynam-
ically more stable cis-fused enolate ‘?_' 1s produced, which generates the
cis-~-fused product z on work-up, The kinetic cyanide adduct, however,
is the trans-fused enolate “1‘2, and in the presence of HCN in the mixed
reagent this gets trapped by protonation to give .E:' The observed
irans product from diethylaluminum cyanide and emone ’P‘I*-___B_ seems lncon-
sistent with these results, until one considers the alcohol function
present in this molecule, This alcohol may well be acting as a proton
source to trap out the kinetic irans-enolate, thus accounting for forma-
tion of the trans-fused product H-9,

In our previous work (23), the failure of attempts at reducing the

nitrile in ketal H-10 to the angular methyl group of H-12 have been
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described, These attempts employed diisobutylaluminum hydride reduc-
tion of w to imine H-11, and treatment of this crude imine under

the conditions of the Nagata modii‘ication of the Wolff-Kishner reduc-
tion (28), This second reduction involves prolonged formation of the
hydrazone from the imine in a hydrazine/hydrazine hydrochloride buffered
medium prior to the addition of strong b_a.se. R, Czarny has subsequently
had difficulty in reducing nitrile '1.&" using this same method (29), and
found indications that the ketal function was hydrolyzing during hydra-
zone formation, Employing another of Nagata's techniques (30), Czarny
subjected the crude imine from diisobutylaluminum hydride reduction of
nitrile “1‘,_2_._ to buffered hydrolysis conditions, He was able to obtain a
quantitative crude yleld of aldehyde 2, which on Wolff-Kishner reduc-

tion using the normal basic conditions afforded an 86% yield of ketal /yl;
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after purification,

In light of these results, the nitrile‘gzig was submitted to the
exact procedure described by Czarny, The product from reduction of
H-10 with excess dilsobutylaluminum hydride, still exhibited some ni-
trile absorptlion in its ir spectra, Attempted hydrolysis of the crude
imine H-11 under Czarny's conditions produced none of the aldehyde‘ﬂzlg,
but returned only unchanged imine, When a longer time was employed for
hydrolysis, the product which resulted showed only a weak carbonyl band
in its ir spectrum, and some loss of the ethylene ketal signal in its
nmr spectrum, Since the reduction and hydrolysis were clearly not pro-
ceeding as they had on the tricyclic‘$§, and since the pathway to key
intermediate C-7 had already been completed at this point, Czarny's
approach was pursued no longer,

As outlined in Chart I, addition of methylmagnesium lodide to
cyanoketone H.9 results in diol 5:3. This reaction can be performed
elther by adding the Grignard reagent to a solution of the ketone, or

by using the reverse addition process, The former procedure was used
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initially and results in significant amounts of starting ketone in the
product (from enolization), while the latter modification by J. Tilley
eliminates this problem, Grignard addition t°,§:2' selective acetylation
of‘E:A and hydration of'E;g all proceeded in good yleld; when these
reactions were performed in sequence with purification of only the final
product, then olefinic acetate mixture I-3 was obtained in 90% yield
from the cyanoketone‘g;g.

Treatment of cyanide 2:2 with diisobutylaluminum hydride afforded
the crude imine 5;2 which was reduced using the Nagata modification of
the Wolff-Kishner reduction (28), Hydroxy olefin mixture I-5 thus ob-
tained in 80% yleld was then oxidized to the keto olefin mixture‘gzé.

J. Tilley's improved cyclization procedure for the olefin'zzﬁ_(19e)
using refluxing trifluorcacetic acid afforded an ~85:15 mixture of the

trans-anti-trans ketone C-7 and the c¢ls-anti-trans isomer 15, The
Aage P

structure determination of this first isomer has already been mentioned
in the Introduction; the purification and characterization of this
latter isomer have been performed by Tilley (19e), From this mixture
a 64% yield (from alcohol ,.I_:é) of the desired tetracyclic ketone C-7
was obtained by crystalligzation, When the mother liquors from this
crystallization, containing nearly a 111 ratio of the two isomers
(determined by vpe), were treated with refluxing trifluorvacetic acid
for 48 hr, no change in the ratio of isomers was observed,

In an effort to possibly raise the proportion of the 2535515533-
itrans isomer produced, the cyclizatioﬁ of ketone I-6 was run in tri-

fluorocacetic acid at room temperature, Under these conditions, the
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reaction required 10 days to reach completion, whereupon the product
it afforded had essentially the same composition as that from refluxing
acid, Analysis by vpc of quenched aliquots from this reactlon indicated

that during the first two days both the trans-antl-trans and the cis-

anti-trans isomers were formed in nearly equal amounts, Following this
the former isomer continued to increase with respect to the latter,
until the final 85315 ratio was achieved, This result seems to indicate
that a minor olefin isomer in the ketone mixture I-6 cyclizes at a
faster rate than most of the sample and affords a higher proportion of
the cls-fused B-C ring juncture,

The exact reason why this might be occurring 1s not clear but the
results can be rationallized by assuming the operation of two cycliza-
tion mechanisms, as recently discussed by K. E, Harding (31), He has
suggested that cis-fused cyclization products in such systems result
mainly from the concerted trans addition of a proton and the intramole-
cular mucleophile (in our case an aromatic ring) across the substrate's
double bond, Trans products he maintains are the prineipal result of
cyclization of the nucleophile into a discrete cationic intermediate
in a noncc'mcerted process, These mechanisms car;x account for our results,
if for some subtle conformational or electronic reasons our principal
minor isomer }1 readily cyclizes by a concerted pathway while the major
isomer 1_@. does not, The exoc.yclic olefin isomer is present in such
small amounts in olefin mixture ’.I;étha.t it is unimportant to this dis-
cussion, Then eaxly in the cyclization, olefin ‘1;?_ would lead mainly

to cis-fused ketone 15 by the concerted mechanism, while isomer }3
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would generate principally trans-fused ketone C-7 via the discrete
cationic intermediate }E Nearly equal rates of these two cyclizations

wonld produce both products in about the same amount, Once all of the

CHy @

(o]

CHsO CHy0

mincor isomer }Z. had been consumed, however, continued cyclization main-
1y through cation _}‘é would increase the amount of the trans-fused ketone
E_—;Z but produce little additional cis-fused isomer 3.2. This rational-
ization explains both the initially observed 111 formation of isomers,
and the finally obtained preponderance of ketone S:_'Z.

This cyclizatlon completes the synthesis of tetracyclic ketone
E;’_?. The overall yield of this key intermediate originally reported
for the cyanide addition route was 3% (23), As a result of the modi-

ficatlons and step combinations which have been dlscussed above, the
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Yield for the fourteen steps from.g-methoxycinnamic acid has been ralsed
to 10%, The collected procedures describing this synthesis are included
in the Experimental section,

During the period when J, Tilley was attempting the conversien of
1ntermediate’gaz to shionone as described in the Introduction, the work
comprising Paxrt II of this thesls was being performed, Experience with
the Eschenmoser cleavage reaction of o¢-keto epoxides (32) was gained
in that work, and we were impressed by the ease with which epoxy-ketones
such as 19 could be converted to ring opened acetylenic ketones {El),

by means of p-toluenesulfonylhydrazone intermedlates (20), In light
— o P aaaad

CH; CH, r CH3
D@ ,Nm
s o H‘N N O "‘ o
p:rs
1 20 2

of our experience and a serles of publications at that time, a possible
new use for this cleavage reaction began to become apparent,

Peterson and Kamat (33) had shown that trifluoroacetolysis of
acetylenic tosylate‘£:£ proceeded to give mainly ketone‘g:g after hy-
d:olysis of the intermediate enol trifluoroacetate;&ﬁ%: while the
methylated acetylene ﬂ:ﬂ following this sequence afforded predominantly
the five-membered ring ketone J-6, Johnson and co-workers (34) applied
these findings to polyolefin cyclization reactions, and found that

formolysis of allylic alcohol g:z, followed by hydrolysis of the re-



Chart J
— O —
Il 76 ThaL CH, © CH,

& i °
STen CHg CHy

J=-10 J-11
P e N P ——®



3

sulting enol formates;{:g, gave an excellent yield of the itrans-fused
hydrindane 5:2. Later, Lansbury and DuBois (35) showed that such cycli-
zation could be initiated from the tertiary alcohollgzlg'using cold
trifluorcacetic acidi +they obtained good ylelds of ketone i;lg (L1
ratio B se¢ -methyl) from hydrolysis of the enol trifluoxoacetate i:-__l_}.

Thus it appeared that catlonic cyclization of acetylenic alcohols
offered promise as an annelation reaction, At the same time it was
clear from our experience that the Eschenmoser cleavage of o, 3 -epoxy-
ketones provided an easy route to acetylenic ketones, and so ultimately
to the alcohols, The possibility of combining these reactions into
some useful scheme became a question of more than idle interest when
the problem of converting intermediate‘gzz'into shionone arose once
again, In light of the difficulties J, Tilley had encountered trying
to obtain P-allylic alcohol E;&, we sought another method of introduc-
ing the A -methyl at‘gzé.of shionone, This prompted our investigation
of the pathway outlined in Chart K for construction of the A ring,

As a model for this study, a small amount of intermediate E:E still
remained from the work ef Tilley, If this could be converted to acety-
lenic alcohnl.§:2, then it seemed trlfluorocacetic acid cyclization of
the alcohol should afford prinecipally the enol trifluorpacetate’gzﬂ.

The correct ring size could be expected since Peterson had obtalned only
six-membered ring cyclized products from acetylene J-1. It seemed that
the desired stereochemistry of the newly formed angular methyl group
should predominate since on cyclization aleohol J-10 afforded 80% trans-

fused product and alcohol J=7 gave exclusively trans-fused product,
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This latter cyclization may proceed through cationic intermediate 22
and may owe its high degree of stereospecificity to the axial methyl
group 1,3 to the cationic center (31, 18), This group should hinder

approach by the acetylene nucleophile from the p face of the catlon,

ch

*
CH,
I -® I <
| 22 23
P e o

and thus lead to a itrans ring juncture as observed, It was hoped that
alcohol ,IS:,?, would cyclize principally through cationic intermediate 32;
in this case the axial methyl group held rigid at the B-C ring juncture
should similarly affect the cyclization and cause trans-fused product
l{;{f to predominate,

In order to prepare alcohol E_-_-_B_. the enone G-2 was treated with
base and hydrogen peroxide and afforded e¢,p -epoxyketone ’I‘(‘_-_-_; in excel-
lent yleld, The _p_-toluenesulfonylhydmzone of the ketone was formed in
situ at -18% in a 1:1 mixture of acetic acid and methylene chloride
(32b, ¢); this intermediate decomposed as the mixture was then stirred
at room temperature, and acetylenic ketone K-2 was obtained in 69% yield
after chromatography, Methyllithium addition to the ketone proceeded
smoothly to afford acetylenic alcehol ‘_15:_3‘ for the eyclization study,

When alcohol K-3 was treated with a mixture of trifluorcacetic
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acid and trifluoroacetic anhydride at ~18° (35), the ensuing reaction
required 20 min to reach completion as determined by vpe, After evap-
oration of the solvents from this mixture under reduced pressure, the
single product obtained was an enol trifluorcacetate, This was deduced
to have siructure K-4 when upon hydrolysis it afforded G-8b as the only
product, having the same mp, mnp, ir, and nmr as the material previously
prepared by J. Tilley, The yleld of G-8b from the acetylenic alcohol
was 92% after chromatography; apparently the cyclization proceeds under
these conditions with a remarkable degree of stereospecificity,

This result is consistent with cyclization through a discrete
cationic intermediate such asdgg_as discussed above, It casts some
doubts, however, on Harding's proposal (31) that cyclizations of such
tertiary alcohols (for instance Lansbury's alcohol'g:zg) proceed through
initial dehydration to intermediate 6lafins, even under these conditions,
He has used this argument to account for cils-fused cyclization products
(about 20% in Lansbury's case) which he maintains are due %o concerted
pmotonation/cyclization of the intermediate olefins, Our alcoholj&iz
should be as prone (or more so) to dehydration as is alcohol J-10, and
should therefore yleld cis-fused product from concerted protonation/
cyclization as does g:ig. Yet no cis-fused products are observed,
Either the intermediate olefins in our case do not participate in such
concerted reactions, or the alcohol'g:g does not dehydrate to olefins
prior to cyclization, This latter possibility seems most reasonable,
an@ casts doubts on whether Lansbury's alcohol J-10 is dehydrating

under these conditions either, If both alcohols J-10 and K-3 are
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cyclizing through discrete cationic intermediates, then the 20% cis-
fused product in Lansbury's case could be due to the lack of any bulky
axial substituents 1,3 to the cationic center (18),

Regardless of the detalled mechanism of cyclization, the Eschen-
moser cleavage/cyclialkylation procedure provided an extremely stereo-
specific way of introducling the required axial methyl group at the A-B
ring juncture, In addition, it had been possible to trap the encl
trifluorcacetate K-4, The great similarity between this compound and
Tilley's enol acetate G-6, made us confident we could generate enolate
a.nionalf:é as he had done, only from enol trifluorocacetate H. The
anion could then be cyclopropylated, or possibly methylated, to ulti-
mately yield the desired A ring of 9;_8_3_&_1. Unfortunately our confidence
was so great and the amount of enone E—E was so small that this reaction
was never attempted, Instead, the remainder of 9.;‘?. was used in a sec-
ond study,

Subsequent to Johnson's published conversion of i:-?- to .-"L:?-’ he re-
ported an unusual cyclization of this same molecule under different
conditions (36), On treatment of J-7 in methylene chloride at -78°
with trifluorocacetic acid (which is only very slightly soluble at this
temperature), he obtained the olefinic chloride 24 in 60% yleld after
purification, He offers a possible explanation foxr this unusual trans-
formation, based upon the very low concentration of trifluorcacetic
acid present in the cyclization mixture, He proposes that the kinetic
intermediate from cyclizatlon resembles the linear vinyl cation '3‘5_,

which 1s quickly trapped by normal concentrations of good nucleophiles
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to afford 5-membered ring products such as :_I_:?_. When no good nucleo-
phile is present in any appreciable concentration, however, this cation
rearranges to the thermodynamically more stable (due to the trans ring
juncture) system‘gé. Eventually, this abstracts a chloride from methy-
lene chloride to afford the observed product 24,

This cyclization of a methylated acetylene to a cylohexane deriv-
ative looked very attractive for generation of the shionone A ring since
it introduced the C-4 methyl group of shionone without resorting to
experimentally difficult procedures involving an enolate anlon, In
order to determine the applicability of Johnson's finding to our system,
* the methylated acetylene 3;2__ was prepared, This was accomplished by
treating acetylenic ketone E:a in ether and tetrahydrofuran with an

excess of methyllithium and then methyl lodide, The product mixture
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obtained in 83% yield contained alcohol L-2 and ether L-1 in a 2,61
ratio, When thls reaction was performed using 20% HMPA-tetrahydrofuran
as solvent, only ether‘gza was obtained,

¥When alcohol'ézg was treated with 1% trifluoroacetic acid in methy-
lene chloride at -200, no reaction seemed to occur within 25 min as
Cetermined by vpe, The mixture was then allowed to warm to room temper-
ature for 75 min, and afforded after work-up a crude product contalning
a moderately strong enol trifluoroacetate band in the ir, After hydrol-
ysis of the enol trifluorcacetate and purification of the product, a
47% yield of pregnenonelﬁfiwas obtained (the small scale of the re-
action may account for a somewhat low yield), The stereochemistry of
this product was assigned by analogy with Johnson's resﬁlts from acety-
1ene.£:2 and our experience with alcoholl&:é. Some nonpolar material
was also obtalned from chromatography of the hydrolyzed product, but
1t was obtained in such a small amount that 1t could not be determined
whether it was the desired chloride4£:2 or dehydration product.Ezé.

This rather disappolnting result suggested that under conditions
vigorous encugh teo solvolyze our tertiary alcohol at an appreciable
rate, enough trifluorocacetic acid had to be present that it trapped
out the undesirable S5-membered ring product, In view of our success
with the cyclization of terminal acetylene_ﬁﬁé, and of our confidence
that enolate anionuﬁzé could be generated from enol trifluorcacetate
5;&, the cyclization of methylated acetylenes was temporarily aban-
doned,

Although the new A ring sequence seemed essentially worked out,
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it appeared unwise at this point to preparatively apply this sequence
to the generaticn of Tilley's intermediate alcohol E:*i_?, via the olefin
E:&a.. Tilley had already encountersd problems in trying to complete
the side chain from alcohol E:_:Lé, raising the possibility that this
transformation might require considerable study, Since a great many
steps were involved in reaching the alcohol, it could only be prepared
in relatively small amounts which might again prove insufficient to
achieve the final transformation, Thus a more reasonable alternmative
was pursued, that of elucidating a pathway for the completion of the
side chaln on more readlly available material,

As a substrate for this work, the simplest model from key inter-
mediate‘E:Z would still possess the aromatic A ring intact, For cen-
struction of such a model the D ring ketone of E;Z does not have to be
masked or protected for operations in the A ring, and thus can be uti-
lized directly as an aid for introduction of the side chaln as outlined
in Chart M, When the tetracyclic ketone g:'z was treated with Vilsmeir

reagent (POC1.-DMF) (37a) and the reaction was carried to 87% conversion,

3
a 75% yield (based on recovered starting material) of chloro aldehyde
p_:_g_ was obtained (37b), If the reaction was carried to complete conver-
sion, this yield dropped to 71%, A second principal product isolated
from the reaction mixture was found to be the chloro dialdehyde M.
Formation of this specles accounts for the lower yleld of the desired
mono-aldehyde 3"1:_2__ when the reaction was carried to higher conversion,
Chloro aldehyde M-2 was sought partly as a result of work by Coates

and Shaw (38); they demonstrated that o¢, §-unsaturated ester 27,
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substituted with a methoxy leaving group at the g -position, could be
reduced with 1ithium in ammonia to the demethoxy saturated ester E@_.
Welch and Hagan (39a2) subsequently showed that such reductions could
be coupled with methylation of the intermediate ester enolate anion to
afford o -methylated esters (e.g. 29 *30). In both of these cases,
the initially formed product bears the ester group in an axial orien-
tation, 1,3 to an axial methyl group, The relationship of this work
to chloro aldehyde E:-?i is c¢lear; such a reductive alkylation of this

intermediate should afford principally the methylated aldehyde M-3 with

M-
P
the aldehyde oriented in the oL configuration as desired for elaboration
into the side chain,

Dissolving metal reductions of «,p -unsaturated aldehydes are
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almost unmentioned as preparative reactlons in the literature (40);
the proposed reduction in our system promised to accomplish so much in
one step, however, that its investigation was deemed worthwhile,
Chloro aldehyde E;E'was therefore treated with lithium in ammonia fol-
lowed by lodomethane quenching under a variety of conditiops. Initial
attempts afforded low yields of the desired aldehyde‘gzg. From these
reactions varying amounts of acid soluble compounds were obtalned from
the 10% hydrochloric acid wash of work-up, while considerable amounts
of polar material were obtained after chromatography, The polar chro-
matography products appear by ir and nmr to be a mixture of diastereo-
meric alcohols of structure’zi, probably formed by dimerization of the

intermediate radical anion 32, Formation of dimers in the reduction
Y
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of o¢,M -unsaturated carbonyl compounds is not uncommon in the absence
of a proton source (#1a,b), The acid soluble products are probably

amines of some sort formed by various possible reactions between ammonia
and the starting aldehyde or product (4ic),

Conditions were modified in order to minimize these side reactions,
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Chloro aldehydelﬂzg was kept isolated from the ammonia atmosphere of
the reaction vessel during addition by the use of a non pressure-squal-
iged dropping funnel, A high concentration of dissolved 1lithium was
employed, and most of the ammonia was removed from the reaction mixture
prior to quenching of the enolate anion with iodomethane, ,These steps
were taken in order to limit undesired reactlions of ammonla with the
starting material or product, A high dilution of the chloro aldehyde,
a slow addition rate of chloro aldehyde to the reducing solution and
vigorous stirring of the reaction mixture during addition were also
employed; 1in this case the purpose was to minimize coupling of the
radical anions, When all these modifications were finally arrived at
and applied in a single reaction, a 64% yleld of the desired aldehyde
E:g was realized after chromatography, No epimeric methylated aldehydes
were observed,

There is 1little doubt that aldehyde'ﬂ:g has the proper stereochem-
istry about the newly formed asymmetric center, House and co-workers
have examined the stereochemical course of alkylation of enolate anions
exocyclic to simple cyciohexane rings, and have observed a marked pre-
ference for equatorial alkylation (42), Welch has commented on the
stereospecificity of this process in relation to his experlence with
the reductive alkylation of unsaturated °5t°r,22‘ on methyl iodide
alkylation of the presumed ester enoclate anion;zi, he obtained greater
than 95% stereoselective equatorial alkylation, resulting in podocarpic
acid derivative 35 (39b), This is completely ahalogous to his result

discussed earlier from the reductive alkylation of ester 29, which also
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gave equatorially methylated product, Ireland and Mander have examined
the alkylation of a system very similar to ours, that of an aldehyde
enolate anion exocycliic to a fused cyclohexane ring, They observed

that methylation of aldehyde'gé’with potassium t-butoxide and iodomethane

affords only the equatorial alkylation product 37 (43), All of these
ol

examples exhibit predominant or exclusive equatorial alkylation of
enolate anions exocyclic to saturated six-membered ringssy there is no
3

M-
Pt

reason to suppose that the alkylation which generated aldehyde
would have behaved any differently.
In two steps from the D ring ketone of key intermedlate C-7 the

P d

methylated aldehyde M~3 had been synthesized, This conversion argued
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strongly against use of olefin G-2 in our synthetic planning since six
steps are required to achlieve the parallel transformation by way of
that intermediate, In order to make elther route worthwhile, however,
the remainder of the side chain still had to be attached to an aldehyde
such as M.3,
A
Aldehyde M-3 was smoothly reduced to the alcohol M-4 with lithium
PaPrs P

2luminum hydride, and we hoped to convert this to the lodide M-5 for
coupling with .-(1,1-dimethylallyl)-nickel bromide (ft) (26). A number
of attempts at preparing this iodide failed however, With the reagent
methyltriphenoxyphosphonium iodide, under conditions which afford good
yields of iodide from other sensitive primary alcohols (44), only mix-

tures of nonpolar olefinic compounds (probably 38 and 39) were producedj
P A ¥ )

CH,

38 39

a0

under milder conditions, little or no reaction occurred, The reagent
itself was shown to be good when it smoothly converted dodecyl alcohol
to the corresponding lodide, These reéults are not unreasonable since.
the alcohol function of‘ﬁzﬂ.not only has neopentyl character, but is
attached to a carbon 1,3-diaxially disposed to a methyl group held

rigid at the ring juncture, Steric hindrance should tend to prevent
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intermolecular reactions of this alecchol, Once such a reaction occurs,
however, such as formation of a phosphonium ester, then steric crowding
probably accelerates elimlnation of any bulky leaving group which may
have formed, This steric acceleration and the neopentyl nature of the
alcohol might well be expected to produce rearranged olefinic products
through catlonic intermediates, A different route to the side chain
1ntermediate‘E;é was devised to avold this problem, and is presented
in Chart N,

Nagata's formylolefination reaction of carbonyl compounds which
has been used on hindered aldehydes (30) was applied to aldehyde ﬂ:’}

Treatment of this aldehyde with a sevenfold excess of the phosphonate

anion all;_{?’ and hydrolysis of the intermediate aldimine N-1, afforded an

-

0
(c,Hg0), P g«cuw@

4-0

p )

89% yleld of the o¢,p -unsaturated aldehyde N-2 after purification,
Reduction of this aldehyde was initially attempted using lithium in
ammonia, but only a 34% yleld of the saturated product N-4 could be

obtained; the principal product appeared to be the dimeric alcohols 41,
A
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Such large amounts of coupling may be due to the very unhindered nature
of the aldehydic carbon; no attempts were made to increase the yield
of this reaction,

Another method pursued to effect this reduction was based upon the
recent procedure of Nagai and co-workers (45) for reducing x, B -unsat-
urated carbonyl compounds to silyl enol ethers, Treatment of the alde-
hyde'ﬁzg wlth excess triethylsilane in a small amount of benzene, with
the perlodic addition of catalytic amounts of tris-(triphenylphosphine)-
rhodium chloride, produced the crude silyl enol ether AI\I:Q. This was
hydrolyzed under mildly acidic conditions and an 83% yleld of the desired
saturated aldehydelﬁzg was obtained after chromatography,

Completion of the side chaln was accomplished using the Wittig
reactlon, The crude salt obtained from triphenylphosphine and methyl
iodide (still containing small amounts of unreacted phosphine) was
treated with phenyllithium to generate lsopropylidine Wittlg reagent
(46)., Treatment of the aldehyde N-4 with a fivefold excess of this re-
agent afforded the desired side chain intermediate_gzé in 83% yield
after chromatography, A viable side chain synthesis had thus been
arrived at, which in five steps converted the tetracyclic ketone E;?
into the side chain intermediate‘g:é in 29% overall yield,

With the side chain synthesis complete, the questlion then arose of
how to couple this scheme with that for the A ring, In oxrder to utilize
the Vilsmeir/chloro aldehyde reduction sequence, it was almost necessary
to perform these manipulations before reducing the A ring, Our experi-

ence with the extremely slow cyclization of olefin mixture I-6 in tri-
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fluorvacetic acid at room temperature, and the stability of the D ring
olefin of alcoho].j&i} to the trifluorcacetic acid cyclization conditions
for acetylenes, led us to believe that the side chain double bond would
be stable to the -20° trifiluorcacetic acid cyclization conditions, At
the same time we felt confident that an enolate anion such as’gcé could
be generated from an enol trifluorcacetate and alkylated using an HMPA
co-solvent, These considerations, coupled with the fact that we had
already completed a route to olefin‘g;é, prompted us to invest our time
and material in the preparation of this intermediate for conversion to
shionone,

At this point it appeared that the most difficult portion of the
work was over, After Blrch reduction of the A ring in olefin‘gzé and
subsequent acid hydrolysis of the product, the o¢,p -unsaturated ketone
formed should have been subject to the same procedures shown in Chart
K for the D ring olefin 2:3. Birch reduction of the aromatic ring of
olefin_g:g using the procedure of Tilley (19f) afforded the crude enol
etherlgzg as shown in Chart 0, Tilley's hydrolysis procedure used to
obtain enonelgzg was then employed, Enol ether_g;g was heated at 70°
in a2 mixture of ethanol and 5N hydrochloric acid for 40 min, After
work-up the desired enonelgzé was not obtained, but instead the hydroxy-
enone 2;2 had been afforded, possessing none of the nmr signals char-
acteristic of the side chain olefin, Crude alcohol 9;{41 was then treated
with.grtoluenesulfonic acid 1n refluxing benzene for 19 hr, in an at-
tempt to regenerate the side chain double bond, The product from this

reaction, obtained in 69% yield after chromatography, consisted of a
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13187 mixture (as determined by nmr) of olefins 0-5 and 0-6.

The observed hydration of the side chailn olefin of‘g;é under the
relatively mild acidic hydrolysis conditions described above raised
some serlous questions about the stability of the side chain double
bond throughout the rest of our synthesis, As a test, the aromatic
olefin-yzé was subjected to the exact same trifluoroacetic acid/anhydride
conditions used to effect cyclization of alcohol‘E:g. To our dismay no
starting material was recovered, but instead the crude tertiary tri-
fluoroacetate'gzl was obtained, It was clear that the side chain double
bond was not compatible with our proposed catlonic acetylene cyclization,
Had a good deal of time and material not been invested in the olefin
Exﬁ that was on hand, the synthetic plan would have been modified at
this point to proceed through some intermediate such as alcohol’ﬁg.

The A ring could then have been completed, and the side chain olefin

CHaO

introduced by the Wittig reaction as nearly the last step, In view of
our investment of time and material in the intermediate M-6, however,
it was decided to proceed from this compound and later attempt finding

milder cyclization conditions to form the A ring,
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Another Birch reduction of olefin‘ﬂzé afforded erude enol ether
9:3, which was hydrolyzed with oxallc acid to the P s ¥ ~unsaturated
ketone 2:2 without affecting the slde chain, This enone was then con-
Jjugated under mild basic conditions and a 72% yield (from M-6) of the
desired o,@ -unsaturated ketone 0-6 was obtained after purification,

We hoped to complete the synthesis from this enone by the route outlined
in Chart P,

Epoxidation of the enone'gzé with basic hydrogen peroxide proceeded
in excellent yield to afford the epoxyketone,gzl. When the Eschenmoser
cleavage reaction was attempted on this molecule using the same condi-
tions employed for epoxide K-1, a low yleld of the desired acetylene
’1?:_% was obtainediy +this was possibly due to acid reacting with the side
chain, When the reaction conditions were modified so that 2:1 methylene
chloride acetic acid was used as solvent instead of a 1:11 mixture, a
longer reaction time was necessary, The acetylenic ketone‘gzg was ob-
tained in 63% yield after chromatography, however, with the side chain
s8till intact, Addition of methyllithium to this ketone was straight-
forward, and afforded the tertiary alcohol'fzg for cyclization,

Our earlier experiment had shown that alcohol L-2 in 1% trifluoro-
acetic acid methylene chloride cyclizes prinecipally to glve enol tri-
fluoroacetate‘gsg (not vinyl chloride). Based on this observation, it
was expected that cyclization of alcohol‘gzg under similar conditions
would give the desired six-membered ring enol trifluorcacetate in the
A ring, It was hoped that these conditions would be mild enough to

preserve the side chaln as well, in which case enol trifluoroacetate
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P-4 would be obtained for conversion into shionone, When alcohol P-3
was treated for a short while with 0, 5% trifluoroacetic acid (to about
50% reaction) and then with 2,0% trifluorcacetic acid in methylene
chloride, essentially none of the desired enol trifluoroacetate_zzﬂ
was obtained, Surprisingly enough, the principal product from this
reaction appears to have been the chloro olefin‘gzé, with trifluoro-
acetate in the side chain but not in the A ring, Upon hydrolysis of
this crude product, an alcohol (not a ketone) was obtained with a single
olefinic proton in the nmr, consistent with structnresg:é. None of the
nmr signals characteristic of the side chain double bond were present,
This cyclization result is quite interesting when compared to our
previously discussed results obtained on acetylene‘kzg. Even with a
higher concentration of trifluorcacetic acid present in the cyclization
of alcohol‘gzg as compared to that of alcohol L-2, the princlpal product
obtained appears to be the chloridejE;é as opposed to the enol tri-
fluoroaCetate.E;&. Since the substrates in these reactions differ by
more than just the acetylenic methyl group, and since the reaction
conditions were not exactly parallel, one can only speculate as to the
meaning of these results, They seem to indicate that six-membered ring
vinyl cationdiz from alcohol.f:g is more reactive towards methylene
chloride than the flve-membered ring cation 44 from alcohol L-2, Thus
cationlﬂg reacts quickly with the solvent to afford principally chloro
°1ef1n.£:§’ while cation.ﬁﬁ does not react with solvent, but eventualily
reacts with the 1% trifluorcacetic acid present to afford enol trifluoro-

acetate L-4, Johnson's results with cyclization of acetylene J-7 to

Lo
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chloride 24 (36) (page 36 ) can be rationalized along similar lines,
One might argue that since the initially formed linear vinyl catlon ,5.2/
reacts only slowly with methylene chloride, then when no appreciable
concentration of triflucrocacetic acid is present, this cation reversibly
rearranges to the bent vinyl cation 3&. If this bent cation does react
rapldly with methylene chloride, then even if it is not the more stable
cation this rapid reaction would still account for formation of the
six-membered ring chloride ,.?ﬂ'- Such a postulated difference in reactiv-
ity towards methylene chloride for the linear and bent vinyl cations in
this series of compounds neatly explains the observed results,

Although cyclization of alcohol P-3 to the chloride P-5 has inspired
some interesting mechanistic speculation, it was rather a disaster for
our synthetic purposes, Not only was the desired enol trifluorocacetate
not produced, but even under these dilute acid conditions the side chain
olefin had added acid, Since our results with the side chain alcohol
2:& indicated that ca, 85% of the desired olefin could be regenerated
from such hydrated species, 1t seemed reasonable at this point to per-

form the originally intended trifluorocacetic acid cyclization at the
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expense of the side chain, As shown in Chart Q, shionone hydrate_%;&
might then be prepared and the olefin regenerated as the last step,

Toward this end, alcohol 5:2 was treated with trifluorocacetic acid
and triflucroacetic anhydride at -18° to afford the crude bistrifluoro-
acetate‘g;}. It was clear from spectra of this material that both an
enol trifluorcacetate and the si&e chain trifluorocacetate had been formed,
Hydrolysis of this material afforded a hydroxyketone consistent with the
structure.gsg. Conversion of the bistrifluorvacetate E:i to the hydrated
shlonone species’g:g was then attempted,

Bistrifluorcacetate E:E was added to methyllithium in 1,2-dimethoxy-
ethane and tetrahydrofuran to generate the enolate dianion‘g:g. This
mixture was then treated with HMPA followed by methyl iodide, and the
resulting product after work-up was stirred with ethanolic potassium
hydroxide to epimerize any axial methyls o¢ to the carbonyl °fJE:% (24e),
The nmr spectrum of the crude product from thls reaction exhibited no
d 0,73 singlet, This singlet is characteristic of the C-5 methyl group
of shionone (ZHd), and is also present in friedelin and in Tilley's
ketone EX§9’ this singlet is not present, however, in ketoneslgzgy or
3:3 which lack a methyl group o¢ to the carbonyl, Thus it appears
doubtful that any of the methylated ketone.szﬁ was present in the crude
product, On silica gel tlc thls materlal showed at least six spots,
but no meaningful products could be isolated due to the small scale of
the reaction,

Generation of the enolate dianionla:g was then attempted using ex-

cess lithium in ammonla to cleave the bistrifluorocacetate Q-1, The re-
. L e "4
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sulting blue solution from this reaction was gquenched directly with iodo-
methane, and once again a complex product mixture was obtalned, After
treatment with ethanolic potassium hydroxide, this crude product had an
nmr spectrum lacking any & 0,73 singlet, and this experiment was pursued
no further, Additional attempts at the conversion Of.E:i to'g:& almost
certainly would have been made at this point, had it not been for the
results of D, Walba from some concurrent work in this laboratory (47).

Pentacyeclic dietherlﬁzl had been prepared in large quantity by A,
Hagenbach in these laboratories (438) using a route which parallels that
outlined in Chart D for the preparation of Welch's intermediateogsé.
Walba converted a portion of this material to the enoneigzé, and was
able to transform this into acetylenic alcohol‘ﬁzé by the same sequence
which had generated acetylenic alcohols‘gzg anduz;g. He then cyclized
alcohol E:é to the enol trifluoroacetate.g;g, and attempted to generate
and methylate the enolate anion from this intermediate, With methyl-
lithium used to cleave the enol trifluorcacetate and methyl lodide used
as alkylating agent, several attempts were unsueccessful at generating
the desired methylated ketone_g:ggs the only identifiable product from
these reactions was the unalkylated ketone R-8b, Acetic anhydride was
then employed to trap the enolate anions, but only low ylelds of enol
acetates were achleved; the ketone'gsgg was again the other major pro-
duct, Additional studies on the enol trifluorcacetates from cholestan-
one, with methyllithium cleavage and acetic anhydride trapping, produced
low yields of enol acetates as well,

It is well known that enol acetates are readily cleaved by methyl.
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1lithium to the corresponding enolate anions (49); however, it would
appear that our earlier assumption that enol trifluorcacetates would
behave simllarly is incorrect, No examples of this reaction of enol
trifluoroacetates could be found in the literature, and the reascon for
thelr problematic behavior remains unclear, It would have been inter-
esting to study this reaction in a simple system on a large enough
scale to determine exactly what was occurring, tut the problem of com-
Pleting the A ring still remained unsolved,

Since the problems of the friedelin and shionone A rings were
essentially the same, and since Walba's acetylene‘gcé.was in more plen-
tiful supply than the alcohol‘gzz, he kindly afforxied me a porticen of
his material for some experiments, Cyclization of acetylenic alcchol
R-6 was attempted using formic acid (34) as shown in Chart S, in aﬁ
effort to generate an enol ester more "normal™ than the trifluorcacetate,
When a 131 mixture of formic aclid and methylene chloride, containing a
trace of acetic anhydride to remove any water, was used to effect cycli-
zation at ca, 0%, only starting material_E:Q was recovered after 2 hr,
When performed at room temperature, this reaction required 4,5 hr to
reach completicn as determined by vpc analysis, The crude product
appeared to be a 1:1 mixture of the desired enol formateja:i and the
dehydration product §:§' ¥hen this mixture was resubmitted to the
same reaction conditions for 5 hr longer it remained unchanged, indica-
ting that olefinlgsg did not cyclize to enol formate'E:E under these
conditions, Other experiments in the shionone series showed that the

side chain olefin added formic acid under similar conditions, so no
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attempts were made to increase the ratic of‘E;i t°.§:§-

Another approach to the problem was prompted by our isolation of
the olefinic chloride'fzé. It seemed that if the six-membered ring
vinyl cations such as‘ﬂz‘readily abstracted chloride from methylene
chloride then they might alsoc react with ethers to afford enol ethers
such aslgzg. These products would be desirable since they could be
cyclopropylated (50) for introduction of the required methyl group
upon acid hydrolysis (20), Thus acetylenic alcohol R-6 was treated
with borontrifluoride etherate complex in ether, with some pinene added
to scavenge protonic acids, These were mixed at -78° and warmed slowly
to room temperature for a perlod, The crude product obtained after
work-up appeared to be a mixture of the uncyclized olefin_§;§ and the
known ketone‘z;gb previously prepared by D, Walba, in a ratio of ca,
2:1, No enol ether-gzgf was observed, It remains uncertaln whether
ketone E:QP was formed by quenching of the vinyl cation by hydroxyl
from the alcohol substrate or by hydrolysis of the encl ether‘§;2 on
work-up, Whatever the case, it would appear that the ether solvent is
too baslc and affords too much elimination product to be useful, A
similar reaction was attempted under somewhat milder conditions in
dimethyl ether (bp -24°) for 4 hr, but no reaction occurred to any
significant extent,

Peterson's work had shown that methylated acetylene‘izﬁ cyclizes
faster than the corresponding terminal acetylene J-1 (33)., 1If the
methylated acetylene in our A ring system would also cyclize faster,

then perhaps less elimination would occur in using the borontrifluoride
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etherate/ethyl ether conditions on such a system, We decided to try
the experiment shown in Chart T on the methylated acetylenic etherié:l.
in hopes of getting principally cyclized product, A most important
question to be answered, however, was whether ethyl ether would act
analogously to trifluorcacetic aclid and give five-membered ring enol
ether‘zb&, or analogously to methylene chloride to glve the six-membered
ring enol ether;g;g. The latter possibility would allow direct forma-
tion of the shionone A ring by hydrolysis,

Acetylenic ether‘azl was treated with borontrifluoride etherate
complex in ethyl ether; under mild conditions at -78° no reaction
occurred, but under more vigorous conditlons at room temperature all
of the starting ether was consumed, Instead of the desired enol ether
E:E_or ketone'g:§§, the main product from this reaction appears to have
been the previously isolated ketone_%;fb The crude product seems to
contain about half this ketone, with the remainder of the material
consisting of two very nonpolar compounds by tlec, Not enough material
was present to separate these, but one was probably olefin mixture‘g;é
analogous to the uncyclized material S-4, The other might have been
vinyl fluorideuzzg, as vinyl cations have been shown to trap fluoride
from borontrifluoride etherate (51).

Whether the oxygen functlion in ketone k;é.came from the ethereal
solvent or from the ether oxygen present in starting material‘g:i re-

- mained unclear, Acetylenic ether_%;& was then treated with borontri-
fluoride etherate complex in methylene chloride for 30 min at -18°,

This reaction afforded no enol ether or ketonic products, nor any start-
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ing material; thus at least in methylene chloride the ether function
from starting material is not guenching any vinyl cations produced,
Only two nonpolar products were obtained having the same Rf on tlc as
those from the ether reactlion; again too little material was present
to allow separation and identification of the products,

Our results at this point indicated that while the A riug enol
trifluoroacetate could be made from P-3 (at the expense of the side
chain), its conversion to the alkylated species was not the trivial
matter we had expected, The use of other cyclization conditions on
non-methylated acetylenes to generate enol formates or encl ethers
gave considerable elimination products; thus we could not generate
appropriate specles to allow introduction of the C-4 methyl group. When
methylated acetylenes were cyclized, five-membered ring products occurred,
As a loglical modification of thls last scheme, cyclization of a methyl-
ated olefin was attempted next as outlined in Chart U, Since the inter-
mediate cyclized cation should not have the preference for linearity
exhibited by vinyl cations, we hoped to obtain six.membered ring prod-
ucts such as formate ester‘Hzé,

Acetylenic ketone'zzg in tetrahydrofuran was treated with excess
methyllithium and then HMPA and excess methyl iodide were added sequen-
tially, The single clean product from the reactlon was methylated
acetylenic ether U-1, Reduction of the acetylene with sodium in ammonia
afforded the diolefinic.etherigxg, which it was hoped would cyclize in
formic acid to formate esterlgzg. If the side chain could be maintained

intact, hydrolysis and then oxidation of ester U-3 would afford shioncne;
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if the side chaln did add acid, then a final dehydration step would be
necessary as well, Under a variety of cyclization conditions employing
formic acid or trifluorcacetic acid, the desired ester‘gzg could not be
formed, The products at low temperature appeared to be principally
olefins, probably either.gzgg or E:éé’ with only small amounts of any
ester products, At room temperature and with proclonged reaction times,
significant addition of acid to the side chain olefin occurred (e.g.
Exﬁy»and.g;éy), but hydrolysis of the esters afforded no secondary al-
cohols (A ring hydroxyl) for oxidation to shionone hydrate,

While it has not been possible through the efforts described above
to effect the total synthesis of shionone, much has been accomplished
towards the final realization of that goal, Most importantly a high -
yield, stereospecific method has been developed for intrecduction of the
side chain, By means of the Vilsmeir reaction/reductive alkylation pro-
cedure, the methylated aldehyde_ﬂ:é has been arrived at in two steps
from key 1ntermediate‘9;3; six steps are required for the parallel
transformation to aldehyde EZ%E using previously established procedures,
Such a reductive alkylation of a Vilsmelr reaction product has never
before been performed; +these efforts provide the first demonstration
of the feasibility and utility of this useful and interesting process,

Completion of the shionone side chain from aldehydej&:é has been
accomplished in three high-yield steps, This compares most favorably
with recorded syntheses of similar side chains in other systems which

 generally proceed in more steps and in lower yield (52), Such is the

case even though intermediate M-3 possesses an unfavorable 1,3-diaxial
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steric interaction between the C.12a methyl group and the axial aldehyde
function, An important feature of this sequence for the shionone prob-
lem 1s that it can be readily interrupted once the saturated aldehyde
E:Q has been reached, Protection of this aldehyde or the corresponding
alcohol.ﬁgbwould allow delay in introducing the side chain olefin until
after completion of manipulations elsewhere in the molecule, Such
flexibility is quite valuable in view of the extreme acid sensitivity
of the double bond which has become apparent during these efforts,

Another significant accomplishment of this work, ons which may
sti11 prove applicable to the synthesis of shionone, was elucidation of
the cyclization route to enol trifluoroacetate‘gzﬁ. Essentlally what
this route demonstrates is a new and highly stereospecific procedure
for methylation of enones such ES,ECE' the new methyl group is intro-
duced at the A-B ring juncture, B to the carbonyl, such that it be-
comes 1,3-.dlaxially disposed io the angular methyl group already pre-
sent at the B-C ring juncture, This method could prove generally val-
uable for the synthesis of certain polycyeclic ring systems, and comple-
ments nicely the efforis described in the second part of this thesis,
In this latter work, a method has been developed for substituting sim-
ilar A-B ring junctures at the position ¥ to the carbonyl; both methods
employ the Eschenmoser cleavage reaction of epoxyketones, in parallel
yet different schemes,

The acid cyclization sequence described above potentially could
accomplish still more than the stereeospeclfic introduction of a methyl

group to such A-B ring junctures, The enol trifluorcacetate K-4 can
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be isolated from the eyclization, and the enol trifluorcacetate function
preserves what is the thermodynamically and kinetically less favored
direction of ernolization of the A ring ketone, It remains for future
study to determine whether such a trapped enolate can be effectively
utilized to introduce substitution at the otherwise difficultly access-
ible position & to the ring juncture, For the shionone synthesis,

this could provide for introduction of the C—#;methyl group; regardless
of the feasibllity of this scheme, however, the cyclization procedure
has been shown to introduce the required axial methyl group at the C-5
position of the shionone and friedelln type A rings,

A number of alternative cyclizatlion procedures have also been
examined for forming the shionone A ring from acetylenic or olefinic
intermediates such 35.2;2 or-E:E, These studles have excluded certain
possible cyclization conditions, and in dolng so have uncovered sone
.1nteresting results concerning the cationlc cyclization of the acetylenic
intermediates,

The efforts described above have served to overcome several dif-
ficult problems in the total synthesis of shionone, through the novel
application and adaptation of certain reactlions in new synthetic se-
quences, Knowledge has been gained in attempting to apply these se-
quences in an actual shionone synthesis, and what has thus been learned
should serve to gulde future attempts at the construction of this moli-

ecule,
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Experimental Section

All reactions were run under an argon atwmosphere unless otherwise
noted, Melting points labeled (vac) were taken in evacuated capillaries
on a Hoover capillary melting point apparatus, while all others were de-
termined on a Koflier micro hot stage melting point apparatus, All melt-
ing points and boiling points are uncorrected, Infrared spectra (ir)
were taken on a Perkin Elmer 237B grating infrared spectrometer, Nu-
clear mégnetic resonance spectra (nmr) were taken on a Varian Associates
Model T-60, Ultraviolet spectra (uv) were taken on a Cary recoxrding
spectrometer, Model 11M,

Alumina refers to grade I, neutral alumina supplied by M, Woelnm,
Eschwege, Germany, made up to grade 1I or III as indicated by addition
of 3% or 6% water with shaking and equilibration prior to use, Ordi-
ﬁary silica gel columns used the 0,05-0,2 mm silica gel "for column
chromatography" manufactured by E. Merck, Darmstadt, Germany, High
pressure silica gel chromatography used the Silica Gel H "For TLC Ace,
To Stahl”™ manufactured by E. Merck, Darmstadt, Germany,

Anhydrous solvents were dried immediately prior to use, Ether,
tetrahydrofuran (THF) and dimethoxyethane (DME) were distilled from
lithius aluminum hydride; tert-butyl alcohol‘and pyridine were dis-
tilled from calcium hydride; hexamethylphosphoramide (HMPA) was distilled
at reduced pressure from caleium hydride; ammonia was distilled from a
blue lithium or sodium solutioni and methylene chloride and methylene

iodide were distilled from phosphorous pentoxide, Fetroleum ether re-
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fers to the “Analyzed Reagent" grade hydrocarbon fraction, bp 30-60°,
which 1s supplied by J. T. Baker Co,, Phillipsburg, N,J, and was not
further purified, When anhydrous solvents were required in amounts
less than ca, 200 ml, especially in small volumes at different intervals
throughout a reaction, it was found most convenient and time saving to
distill them through the speclally designed solvent drijer described in
the Appendix,

Microanalyses were performed by Spang Microznalytical Laboratories,

Ann Arbor, Michigan,
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3-(m-Methoxypheny1)-1—p£9panol (H-2),

To a rapidly stirred suspension of 52 g (1,38 moles) of lithium

aluminum hydride in 640 ml of dry ether, a solution of 100 g (0.56
mole) of m-methoxycinnamic acid (H-1) in 400 ml of dry THF was added
over a 2-hr period so as to maintain gentle reflux, The stirred mix-
ture was heated at reflux for an additional 2 hr, cooled in =2n ice
bath, and carefully treated with 50 ml of 95% ethyl alcohol to destroy
excess lithium aluminum hydride, This suspension was poured onto 100
ml of concentrated sulfuric acid and 1,5 kg of ice, and the aqueous
phase was separated and extracted with ether (six 500-ml poxtions),
The combined organic phases were washed with 5% aqueous sodium hydroxide
solution (two 150-ml portions) and saturated brine (150 ml), and then
dried (Nazsoa). Upon removal of the drying agent and concentration at
reduced pressure there was obtained 85 g of a yellow oil, which on
distillation afforded 56,8 g (61%) of the alcohol H-2 as a nearly
colorless liquid, bp 98-106° (0,1 mm); 4ir (neat) 3330 (OH), 1600,

1585, 1490 (aromatic), and 1260, 1150, 1035 cm™t (axocH,),

1-Chloro-~3-(m-methoxyphenyl)-propane (H-3),

A, From the alcchol H-2,

The procedure of A, Cohen was employed (53). To a stirred and ice
cooled solution of 56,8 g (0,342 mole) of the alcohol H-2 in 40 ml of
N,N-dimethylaniline was added dropwise over a periocd of 20 min 26,5 ml
(0,37 mole) of freshly distilled thienyl chloride, After stirring for

an additiconal 30 min with ice cooling, the mixture was heated at 100°
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for 15 min, and then cooled and treated with 200 ml of 10% hydrochloric
acld and 100 ml of saturated brine, This mixture was extracted with
five 150-ml1 portions of ether, and the combined oxrganic phases were
washed with 5% aqueous sodium hydroxide solution (two 100-ml portions)
and water (two 100-ml portions), and then dried (MgSOu). After removal
of the drying agent, concentration of the solution at reduced pressure
left 63,8 g of a brown liguid, which on distillation afforded 58,6 g
(93%) of the chloride H-3 as a yellow liquid; bp 82-87° (0,15 mm);

ir (neat) 1600, 1585, 1490 (aromatic), and 1265, 1150, 1040 en~1 (AxOMe),

B, From m-Methoxycinnamic acid (H-1),

To a rapidly stirred suspension of 200 g (5,27 moles) of 1lithium
aluminum hydride in 2 1, of dry ether was added over a 4-hr perlod a
solution of 400 g (2.25 moles) of m-methoxycinnamic acid (Exi) in 1,2 1,
of dry THF at é rate such that moderately vigorous reflux was malntained,
With continued stirring, the mixture was heated at reflux for another
6 hr, cooled with an ice bath, and cautiously treated with 500 ml of
ethyl acetate followed by 500 ml of water, The resulting suspension
was poured onto a mixture of 500 ml of concentrated sulfuric acid and
3 kg of ice, and the agueous phase separated and extracted with 25%
ether-methylene chloride (three 1-1, portions), The combined organic
phases were washed with 5% aqueous sodium hydroxide solution (1 1.,),
water (1 1,), and saturated brine (two 1-1, portions), and then dried
(Nazsou), Removal of the drying agent and evaporation of solvent at
reduced pressure left crude alcoholiﬁzz.as a pale yellow oil,

To a stirred sclution of the entire crude alcohol H-2 in 300 ml of
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ice cooled N,N-dimethylaniline was added over a 1-hr period 300 ml (480 g,
L, o4 moles) of thionyl chloride, After stirring with cooling for an
additional 3 hr, the red solution was heated on a steam bath at gentle
reflux for 25 min until evolution of sulfur dloxide ceased, The reaction
mixture was cooled, treated with 2 1, of 10% hydrochloric acid and 1 1,
of water, and then extracted with ether (two 1-1, portions) and 25%
ether-methylene chloride (two 1~1, portions), The combined organic
extracts were washed with 5% hydrochloric acid (1 1,), 5% aqueous sodium
hydroxide solution (two 1-1, portions), and saturated trine (two 1-1,
portions), and then dried (Na,S0,). After removal of the drying agent
and distillation of the solvent through a Vigreaux column, a dark oil

was obtained which on distillation afforded 377.4 g (79%) of the chloride
H-3 as a yellow liquid, bp 83-118° (0,5-0.75 mm); ir (neat) identical

to that of product from part A,

6-(m-Methoxyphenyl)-1-hexen-3-ol Qg;ﬂ).

In an oven dried apparatus was placed 6,36 g (0,262 mole) of
magnesium turnings and 15 ml of dry ether, This mixture was stirred
and treated with about 6 ml of a soluticn'of 43,8 g (0,237 mole) of
the chloride’gcg in 35 ml of dxry ether, A drop of lodomethane was
added to initiate the reaction, and once vigorous reflux had begun,

150 ml of dry ether was added over a 5-min perlod so as to maintain a
moderate rate of reflux, The remainder of the chloride solutlon was
then added over a 15-min period to maintain reflux, which was continued

for an additional 2 hr by external heating, This mixture was chilled
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in an ice bath, and a solution of 17,4 ml (0,262 mole) of freshly dis-
tilled acrolein in 30 ml of dry ether was added with rapid stirring
over a 30-min period, After continued stirring for 30 min without
cooling, the mixture was poured onto 500 mil of ice and water, and 200
ml of saturated agqueous ammonium chloride solution was added, The
aqueous layer was separated and extracted with ether (four 300-ml por-
tions), and the combined organic phases were washed with water (300 ml),
saturated aqueous sodium bicarbonate solution (two 300-ml portions), |
and saturated brine (300 ml), and then dried (MgSOu). After removal

of the dessicant and evaporation of the solvent under reduced pressure,
the green liguid residue was distilled from a trace of barium oxide,
After a forerun of 0,92 g, bp 39-40° (0.15 mm) there was obtalned 41,0
g (84%) of the alcohol‘ﬁsé as a greenish liquid, bp 111-115° (0.07 mm);
ir (neat) 3360 (OH), 1640 ( C=C ), 1600, 1585, 1490 (aromatic), and
1260, 1150, 1040 en™' (ArOMe). This alcohol, if protected from traces

.of acid, is stable for months when stored at -250.

6-(m-Methquphenyl)-I-hexen-jzgpe (H-5),

A solution of 5,40 g (26,2 mmoles) of the allylic alcohol H-4 in
50 ml of dry methylene chloride was added all at once to a vigorously
stirred solution of 44,4 g (170 mmoles) of chromium trioxide dipyridine
complex (54) in 600 ml of dry methylene chloride, After stirring for
15 min, the dark solution was filtered with the aid of suction through
250 g of grade II alumina on a Buchner funnel; 300 ml of methylene

chloride was used td rinse well the dark residue in the reaction flask
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and was then filtered through the alumina as well, The combined fil-
trates were concentrated under reduced pressure and dried at 0,05 mm
pressure for one hour, In this manner 4,98 g (93%) of enone_gcé was
obtained as a clear oil that smelled faintly of pyridines ir (neat)
1675 ( ¢=0), 1610 ( C=C ), 1600, 1580, 1485 (aromatic), and 1260, 1150,
1040 et (AroCH,).

5—(2'-m-Methoxyphenyl)-8a3$fmethyl-3,h,S,8a-tetrahydrona2hthalene-i,6
(2H,7H)-dione (H-7),

A solution of 4,98 g (24,2 mmoles) of freshly prepared, crude
vinyl ketone H-5 and 2,86 g (22,7 mmoles) of 2-methyldihydroresorcinol
in 125 ml of methanol was treated with 1,4 ml of triethylamine and
stirred at room temperature for 23 hr, Concentration of this solution
at reduced pressure afforded crude trione-E:é as a brownish oil; ir
(neat) 1725, 1715, 1695 ( C=0), 1600, 1580, 1485 (aromatic), and 1260,
1150 en™" (ArOCH,).

According to the procedure of H, Smith and co-workers (27), the
above trioneﬂﬁ;é was combined with 3,3 g of benzole acid and 2,75 ml of
triethylamine in 51 ml of xylene, After 10 ml of the xylene was distilled
from this mixture into an empty Dean Stark water separator, the solution
was heated at reflux through the separator for 24 hr, Upon cooling,
the solution was diluted with 500 ml ether, washed with saturated aqueous
sodium bicarbonate solution (five 100-ml portions), 2% hydrochloric acid
(three 100-ml portions), and saturated brine (two 100-ml portions), |

and then dried (Mgsou). After removal of the dessicant and evaporation
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of the solvent at reduced pressure, the resulting brown oil (6,52 g)

was distilled in vacuum, After removal of 150 mg of a forerun that
boiled at 114-116° (0,01 mm), 4,30 g of the enedione H-7 bp 175-205°
(0,01 mm) was collected, A small amount of sublimed 2-methyldihydro-
resorcinol which contaminated the product was removed by washing the
distillate with acetone; removal of the acetone at reduced pressure
then afforded 4,11 g (54%) of enedione H-7; ir (meat) 1710, 1665 ( C=0),
1600, 1580, 1485 (aromatic), and 1260, 1150 cm > (ArOMe).

1o¢ -Hydroxy-5-(2‘-n-methoxyphenylethyl)-8as¢-methyl-1,2,3,4,8,8a-

hexahydronaphthvalen-é( 7H)-one (}i—ﬁ) :

Selective reduction of the enedione_E:Z was accomplished using the
procedure of H, Smith and co-workers (27), A rapidly stirred solution
of 11.0 g (35.2 mmoles) of dione H-7 in 290 ml of absolute ethanol was
chilled between zero and five degrees and treated dropwise with a solu-
tion of 2,0 g (53 mmoles) of sodimm borohydride in 390 ml of absolute
ethanol, The addition was done over a 20-min period at such a rate that
the lnternal temperature remained below 50. After stirring at the low
temperature for an additional 10 min, the reaction was gquenched by the
cautious addition of 14 ml of acetic acid followed by 50 ml of water,
This mixture was extracted with five 150-ml portions of ether, and the
combined extracts were washed with 2% aqueous sodium hydroxide solution
(three 150-m1 portions) and water (two 150-ml portions), and then dried
(MgSOu). After removal of the drying agent and evaporation of the sol-

vent at reduced pressure, a yellow oll was obtained which on cxrystalli-
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zation from ether-hexane afforded in two crops 8,74 g (79%) of hydroxy
enone H-8 as white crystals; ir (cH013) 3605 (OH), 1655 ( C=0), and

1600, 1580, 1485 cm™} (aromatic).

1 -Hydroxy-58 -(2 ! _m-methoxyphenylethyl)-8a < -methyl-6-0x0-1,2,3,4,ka,
546,7,8,8a-decahydronaphthalene-ia 8 -carbonitrile (}i-_-g) and

1e¢ ~Hydroxy-5e¢-(2 '—m-methoxyphe_e‘n_ylethyl )=8a =¢-methyl-6-0xo0-1,2,3,4,4%a,

5,6,7,8,8a-decahydronaphthalene-dac< ~carbonitrile (35),

According to the general procedure of Nagata and co-workers (17a,
¢, e), 140 ml (210 mmoles) of a 1,5 M solution of diethylaluminum cy-
anide in benzene was added in a slow stream over several minutes to a
stirred, ice cooled solution of 21,9 g (69,8 mmoles) of the enone H-8
in 230 ml of dry benzene, After stirring for 2,5 hr without cooling,
the mixtufe was poured with vigorous stirring onto 1 1, of 10% aqueous
sodium hydroxide solution and 1 kg of ice, The solution was extracted
with four 800-ml portlons of methylene chloride, and the combined or-
ganic extracts were washed with 10% aqueous sodium hydroxide solution
(500 ml) and water (two 500-ml portions), and then dried (Na2804).
After removal of the drying agent and concentration of the solution
under reduced pressure, the resulting gum was crystallized from ether-
hexane and afforded 19,04 g (80%) of irans fused cyanide H-9 as white
crystals, mp 115-121°, The analytical sample, obtained after two fur-
ther crystallizations of a portion of this material from ether-hexane,
melted at 122-125%; ir (CHClS) 3615, 3480 (OH), 2225 (C3N), 1720 ( C=0),
1600, 1585, 1490 (aromatic), and 1260, 1150, 1050 cn™' (ArOMe); nmx
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(ac1,) & 1.12 (s, 3, C-8a G1y), 3.70 (m, 1, C-1 H), 3,80 (s, 3, Ar
OCHB), and 6,6-7,3 (m, 4, Ar H),

Anal, Caled for 021H2?N03| ¢, 73.87; H, 7.97; N, 4,10, Founds
C, 73.96; H, 7.963 N, 4,606,

The mother ligquors from the first crystallization were chromato-
graphed on 1 kg of sillica gel; elution with ether gave none of the
desired compound in the first 4,5 1,, but afforded 0,610 g of an oil in
the next 1,5 1., Crystallization of this oil from ether-hexane afforded
0.361 g of crystalline cyanide ,522' mp 119-122°; nmr ((19013) identical
with that of pure material, The total yield of the trans fused cyano-
ketone was thus 19,4 g (81,5%). Continued elution of the column with
1,75 1, of ether produced mixtures of the cyanideil:g and two other
compounds, one of which finally eluted with an additional 2 1, of ether
and amounted to 0,947 g of a yellowish oil, Attempted crystalliization
of this oil from ethanol-hexane afforded the ¢is fused cyanoketone ~5v
as an amorphous white precipitate which turned into a sticky gum on
drying; ir (CH013) 3620, 3500 (OH), 2250 (CzN), 1720 ( C=0), 1600,
1585, 1490 (aromatic), and 1260, 1150 cn™" (AxOGH,)s nmr (CDCL,) &
1.18 (s, 3, C-8a 01{3), 3.80 (s, 3, Ar ocn3), 4,0 (my 1, C-1 H), and 6,6-
7.3 (m, &4, Ar H),

Anal, Calcd for C21H27N033 C, 73.87; H, 7,973 N, 4,10, Found:
Cy 73,733 H, 7.97: N, 4,07,

1o¢ ~Hydroxy-5 P -(2 ‘-n-methoxyphenylethyl)-8ae¢ —-methyl-6-oxo-1,2,3,4,ka,

5,647,8,8a-decahydronaphthalene-4a @ -carbonitrile ethylene acetal (H-10),
P —— e gt et
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A stirred mixture of 423 mg (1,24 mmoles) of the cyanoketone H-9,
1 ml of ethylene glycol and 6 mg of‘gutoluenesulfbnic acid in 20 ml of
benzene was heated at reflux through a Dean Stark water separator,
After 2,6 hr at reflux the mixture was cooled, washed with saturated
aqueous sodium bilcarbonate solution (three 50-ml portions) and water
(five 50-ml portions), and then dried (MgSOu). After removal of the
dessicant and evaporation of the solvent at reduced pressure, 482 mg
of a white gum was obtained, Purification of this material on ptle
(55) (80% ether-petroleum ether, double development) afforded 436 mg
(91%) of the ketal H-10 as a clear glass (Rf 0,26); 4ir (GHClB) 3605,
3460 (OH), 2230 (C=N), 1600, 1585, 1485 (aromatic), and 1150, 1100,

1050, 1040 cm™* (ArOCH, and ketal); nmr (epc1,) & 0,98 (s, 3, C-8a

3

CH,), 3.79, 3.7-%.2 [s and m, 8, Ar OCH,, -O-CHR, and -0-(CH,),-0-]

3 2
and 6,6-7.5 (Ar H), This material was used directly in the next step

without further purification,

i

Attempted reduction of the cyano ketal H-10 and hydrolyslis of the inter-
e e et g et P e s P P e St e st st

mediate immine to the aldehyde H-173,
—— N e ]

The exact procedure of R, Czarny (29) was applied to cyano ketal
H-10, To a stirred solution of 24,0 mg (0,0624 mmole) of the cyano
ketal H-10 in 1,5 ml of dry benzene was added 0,146 m1 (0,144 mmole)
of a 0,98 M solution of diisobutylaluminum hydride in benzene, After
stirring at room temperature for 2 hr this solutlion was poured onto 50
ml of ice-cold 5% aqueous sodium hydroxide solution, The resulting

mixture was extracted with three 30 ml portions of methylene chloride,
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and the combined organic phases were washed with 25 ml of water and then
dried (MgSOu). After removal of the dessicant and evaporation of the
solvent at reduced pressure, there was obtained 21 mg of crude imine
.E:Al as a white gum, The ir spectrum of this material showed a new peak
at 1625 en! (-C=NH), but still showed about 30-40% of the original
nitrile absorption (2230 cm'i).

To a stirred solution of this o0il in 1,5 ml of THF and 1,5 ml of
methanol was added 23,6 mg of sodium acetate, 0,19 ml of water and 0,06
ml of acetic acid, This solution was heated at reflux with stirring
for 10 min, and then was poured onto 50 ml of ice-cold saturated sodium
carbonate solution, The resulting mixture was stirred for ca, 5 min,
and then extracted with three 30-ml portions of methylene chloride,
The combined organic phases were washed with 25 ml of water and then
dried (MgSOu). After removal of the dessicant and evaporation of the
solvent at reduced pressure, 21 mg of a cloudy oil was obtained, The
ir spectrum of this material was almost the same as that of the imine
‘§:1$ before hydrolysis, and showed only a very small peak at 1715 cm"i
(ca. 15% of full scale); since this result does not agree with that
obtained by Czarny, his procedure was modified at this point,

The crude product was resubmitted to the same hydrolysis and work-
up conditions described above, except that reflux was maintained for 1
hr, The ir spectrun of the 20 mg of resulting oil showed a greatly
diminished band at 1625 cn™' (-C=NH, ca. 255 original intensity) yet
sti1l only a small carbonyl absorption at 1715 et (ca, 30% of a full
scale peak). In the nmr spectrum, the integral of that portion of the
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3,7-4,2 miltiplet downfield of 3,86 (.o..(cnz)z-o-) had dropped with
respect to the integral of the total multiplet, as compared with the
corresponding integrals for starting cyano ketal M, These data are
most consistent with a product resulting from little hydrolysis of the

imine but some hydrolysis of the ketal function,

1o¢,6 B -Dihydroxy-58 {2 I-m-methoxyphenylethyl) -60¢ ,8ae¢ ~dimethyl-1,2,
e e e e e e e s e s g s g e

3,4,4a,5,6,7,5,8a-decahydronaphthalene-ba g -carbonitrile (I-1).

Methylmagnesium iodide solution was prepared by adding 8,78 ml

(20 g, 140 mmoles) of ilodomethane in 80 ml of dry ether to a stirred
suspension of 3,75 g (0,154 mole) of magnesium turnings in 10 ml of

dry ether, The addition was performed over the courge of 30 min so as

to maintain vigorous reflux, and the solution was then cooled, A 50 ml
portion of this mixture was added dropwise with ice cooling to a stirred
solution of 4,80 g (14,05 mmoles) of ketonitrile ;&2 in 30 ml of dry
benzene and 70 ml of dry ether, The white suspension which formed was
stirred for 1 hr at room temperature, poured onto a mixture of 150 ml

of saturated agueous ammonium chloride solution and 100 g of ice, and
extracted with six 100 ml portions of chloroform, The combined extracts
were washed with water (200 ml) and saturated brine (two 200-ml portions),
and then dried (Mgso4); after removal of the dessicant and evaporation
of the solvent under reduced pressure, 5,0 g of a white solid was ob-
tained which showed significant ir absorption at 1720 em~+ { C=0),

This material was tieated with the remaining 50 ml of the methylmagnesium

lodide solution discussed above, under exactly the same reaction and
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work-up conditions described above and gave 4,75 g of a white solid,
One recrystallization from ether-acetone afforded 4,02 g (80%) of
exrystalline diol};-}:, mp 170-173°, The analytical sample cobtained
after two further crystallizations of a sample of this material from
the same solvent system, melted at 175-178%; 1ir (GH013) 3610, 3460
(0H), 2220 (-C=N), 1600, 1585, 1485 (aromatic), and 1150, 1040 cm™t
(Ar0CH,); nmr (CDCl,) o 0.93 (s, 3, C-8a CHy), 1.13 (s, 3, C-6 CHy),
3,80 (s, 3, Ar OCHB), 3,82 (m, 1, C-1 H), and 6,6-7,3 (m, 4, Ar H),

Anal, Caled for 022H31N03: C, 73.92; H, 8,74; N, 3,92, Founds
c, 73.82; H, 8,693 N, 3,81,

This product 1s sensitive to strong or prolonged acidlc conditions,

which should be avoided during work-up and handling,

1o¢ ~Acetoxy-6 B ~hydroxy-5 A -(2 / -m-methoxyphenyl)-60¢ ,8ae¢ ~dimethyl-1,2,

3,4,4a,5,6,7,8,8a~decahydronaphthalense-4a 8 -carbonitrile (1-2),
e el e e e e e B e e e ity

To a stirred solution of 200 mg (0, 56 mmole) of cyano diol_E;& in
4 ml of pyridine at room temperature was added 0,8 ml (86 mg, 8,4 mmoles)
of acetic anhydride, After stirring for 22 hr, the reaction mixture
was diluted with 250 ml of ether and 100 ml of ethyl acetate, This
solution was washed with water (100 ml), saturated agqueous sodium bi-
carbonate solution (100 ml), and saturated brine (two 75-ml portionms),
and then dried (Nastu), Following removal of the drying agent and
evaporation of the solvent at reduced pressure, there remained 249 mg
of a sticky white so0lid which was crystaliized from ethyl acetate-

chloroform and afforded 167 mg (75%) of the acetate I-2 as fine white
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crystals, mp 159-164°, Two additional crystallizations of a portion of
this material from the same solvent sysiem provided the analytical sam-
ple which melted at 163-165°; ir (01{013) 3600 (OH), 2225 (CzN), 1725
(acetate C=0), 1600, 1585, 1485 (aromatic), and 1150, 1035 et (AIOC.'H3):
nmr (CDC13) d 1.02 (s, 3, C-8a CHy), 1,12 (s, 3, C-6 GHB)’ 2,03 (s, 3,
COCH,), 3.80 (s, 3, Ar 00}13). 5,1 (m, 1, C-1 H), and 6,7-7.4 (m, &4,
aromatic),

Anal, Caled for C24H33N04‘ C, 72,15; H, 8,333 N, 3,51, Found:
C, 72,22; H, 8.22; N, 3.48,

10(.Acetoxy-5gA-(2'-m—methoxyphenylethyl)-6,Bau(-dimethyl-i,2,3,4,4a,?,
e e e pee e P et P P e e e s e et —————

8,8a-octahydronaphthalene-4a 8 ~carbonitrile (1-3).
P — e e e e e ’

A, From pure cyano alcohol I-Z2,

To a stirred solution of 167 mg (0,418 mmole) of the cyane alcohol
I-2 in 3,5 ml of dry pyridine at -10° was added dropwise over a 2-min
period 0,15 ml (2,1 mmoles) of thionyl chloride, The solution was then
stirred for 75 min with the temperature maintained between o° and -100,
and then for 30 min without cooling, The mixture was diluted with 100
ml of ether and 100 ml of ethyl acetate, and the resulting solution
was washed with water (two 50-ml portions) and saturated brine (two 50-
ml portions), and then dried (NaZSOl}). After removal of the dessicant
and evaporation of the solvent under reduced pressure, there was obtained
157 mg of an oil which on purification by ptlc (55) (50% ether-petroleum
ether, single development) afforded 145 mg (91%) of the mixture of ole-

fins I-3 as a gum (R, O, 3%); ir (cnc:13) 2220 (0=N), 1735 (acetate C=0),



85

1600, 1585, 1490 (aromatic), and 1150, 1035 gl (ArOCHB); nmr (GDCIB)
d 0,95, 1,08 (two singlets, 3, C-8a GHB' ratlo ca, Ls1), 1.62 (s, 3,
c-6 GHB), 2,04 (s, 3, COGHB), 3.80 (s, 3, Ar OCHB), 5,0 (m, 1, C-1 H),
5.8 (m, ca, 0,2, C-7 H of 136 olefin component), and 6,7-7.4 (m, 4, Ar
H). A portion of this gum was crystallized once from ethanol to afford
the analytical sample which melted at 89-10803 ir and nmr were the same
as those of chromatographed material,

Anal, Caled for CyH, NOss C, 75.563 H, 8,19; N, 3,67, Found:

cl ?5-&3 H. 8o21; N’ 3-660

B, From the cyano ketone H-9 without purification of intermediates,

A solution of 88 ml (200 g, 1,41 moles) of iodomethane in 800 ml
of dry ether was added over the course of 90 min to a stirred mixture
of 40,5 g (1.67 moles) of magnesium turnings in 130 ml of dry ether so
as to initiate and maintain vigorous reflux, This mixture was cooled
with an ice bath, and a solution of 51 g (0,15 mole) of the cyano ketone
35:2 (dissolved with mild heating) in 900 ml of benzene was added over a
50-min period, Stirring and cooling were continued for an additional
45 min, and the solution was then carefully treated with 40 ml of satur-
ated aqueous ammonium chloride solution, This mixture was poured onto
2,0 1, of ice and saturated aqueous ammonium chloride solution, and the
resulting aqueous solution was extracted first with one liter of methyl-
ene chloride, and then with four 600-ml portions, The combined organic
phases were washed with 500 ml of water and dried (Nazsou), After re-

moval of the drying agent, the solvents were evaporated at reduced
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pressure and 51,6 g of solid cyano diol I-1 remained,

A solution of 51,6 g of this crude diol I-1 in one liter of dry
pyridine was treated with 385 ml of acetic anhydride and stirred at
room temperature for 22 hr, The mixture was diluted with 2,0 1, of
ethyl acetate and 1,5 1, of ether and the resulting solution was washed
with water (two 750-ml portions), saturated aqueous sodium bicarbonate
solution (four 500-ml portions), water (750 ml), and saturated brine
(500 m1), and then dried (MgSOu). After removal of the dessicant and
evaporation of the solvent under reduced pressure, there was obtained
57 g of solid hydroxy acetate_zzg,

This crude alcohol I.2 (57 g) was then dissolved in 1,1 1, of dry
pyridine, and the solution was chilled with an ice bath, To this solu-
tion 61 mx (102 g, 0,856 mole) of thionyl chloride was then added drop-
wise with stirring over a 30-min period, The solution was stirred at
0° for an additional 75 min, and then without cooling for 45 min, This
mixture was then diluted with 1 1. of benzene, 1 1, of ethyl acetate
and 1,5 1, of ether, and poured onto 500 ml of ice and water, The
organic layer was separated, washed with ice-cold 10% hydrochloric acid
(four 1-1, portions), 5% aqueous sodium hydroxide solution (1 1.), and
water (two 1-1, portions) and then dried (MgSOu). After removal of
the drying agent and concentration of the solution at reduced pressure,
55.6 g of brown oll Was obtained which on crystallization from ethanol
afforded 42,2 g (74%) of olefin mixture I-3 as slightly brown crystals;
ir and nmr spectra are identical with those of pure material, The

mother liquors were chromatographed on 2 kg of silica gel, Elution
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with 4 1, of 70% ether-petroleum ether gave 700 mg of material that
lacked the 2220 cc:m"1 (GEN).absorption in the ir, Continued elution
with 3 1. of the same solvent system afforded 8,83 g (16,2%) of the
desired cyano acetate_z:z as an oil, The ir spectrum of this material
was almost identical with the spectrum of the crystalline cyano acetate
except for a slightly diminished nitrile absorption (2220 cm"l).

The combined yield of the olefin mixture I-3 from crystallization
and chromatography was 51,03 g (89.6% from cyano ketonelgzg).

58 -(2’-n-Methoxyphenylethyl)-4a 8,6,8a ¢ -trimethyl-1,2,3,4,4%,7,8,82-

octahydronaphth-iex -0l (I-5),

To a stirred solution of 14,0 g (36.? mmoles) of crystalline cyano
acetate E:g in 560 ml of dry benzene at room temperature was added 92
ml (0,147 mole) of a 1,6 M benzene solution of diisobutylaluminum
hydride, After stirring for 2,5 hr, the mixture was poured onto 1 1,
of 10% aqueous potassium hydroxide solution and ice and extracted with
four 700-ml portions of ether, The combined ethereal phases were washed
with 10% aqueous potassium hydroxide solution (two 600-ml portions),
water (two 600-ml portions), and saturated brine (600 ml), and then
dried (MgSOu). After removal of the dessicant and concentration of the
solution under reduced pressure, there remained 12,9 g of crude hydroxy
imine I.4t as a white foam; ir (cncl3) 3620 (OH), 1612 -(},Ic=-m{), 1600,
1585, 1485 (aromatic), and 1260, 1150, 1040 cu (AxOCH,),

The entlire crude product from above was combined in a 2 1., three-

neck flask with 60 ml of 99% hydrazine hydrate and 17,6 g of hydrazine



88

dihydrochloride in 540 ml of triethylene glycol, This mixture was heated
with stirring for 5 hr at an internal temperature of 1350. A brisk argon
stream was then passed into the flask and out through a distillation

head for a period of 1,75 hr to remove the moisture and excess hydrazine,
During the first 15 min, 116 g of 85% potassium hydroxide pellets was
added portionwise, and during ihe last 1,5 hr the internal temperature
was raised to 1550. The argon flow was then stopped (although an argon
atmosphere was maintained), and stirring was continued for 5 hr with

the internal temperature at 1550. The heating bath was then turned

off but not removed, and the mixture was allowed to cool to room tem-
perature over a 7-hr perlod, The resulting solid white mass was dis-
solved in 1,4 1, of water and extracted with four 800-ml portions of
ether, The comblned organic layers were washed with nine 800-ml por-
tions of water, one 800-ml portion of brine, and dried (Mgsob). After
removal of the dessicant and evaporation of the solvent under reduced
pressure, there was obtained 10,2 g of a white solid which on crystal-
lization from ether-hexane gave 9,57 g (80%) of crystalline olefin
nixture'zzé; mp 92-1030. Two subsequent recrystallizations of olefin
nixturelzzé from ether-hexane afforded the analytical sample, mp 98-
10501 ir (CHCIB) 3610, 3450 (CH), 1600, 1585, 1485 (aromatic), 1370
(Ci;), and 1150 el (Az0CH,); nar (CDC1,) & 0,75, 0,90 (two singlets,
3, C-8a C}{3, ratio ca, 1:3), 0,82, 1,00 (two singlets, 3, C-ka CH3,
ratio ca, 1:3), 1.61 (s, C-6 cH3), 3,7 (m, t, C-1 H), 3.76 (s, 3, Ar
OCHB), 5.38 (m, ca, 0,25, C-7 H of 116 olefin component), and 6,6-7,3

(m, 4, Ar H),
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Anal, Caled for C c, 80,44; H, 9,82, Found: C, 80,23;

22732021
H, 9.82,

When this same experiment was performed on the cyano olefin mix-
turelzzé.obtained as an oil from chromatography, the crude olefin mix-
turelzcé was afforded as an oil in 81% yield; the ir spectrum of this
material was the same as that of crude olefin mixture‘zzé.obtained from
crystalline starting material, No attempts at purification of this oil
were made, but it was subsequenily oxidized and cyclized with acceptable

results (c,f, preparation of tetracyclic ketone C-7),

58 -(2’-m-Methoxyphenylethyl)-4a 8 ,6,8a0c-trimethyl-3,%,4a,7,8,8a-~

hexahydronaphalen-1(2H)-one (I-6),

To a stirred and ice cooled solution of 269 mg (0.82 mmole) of the
crystalline olefin mixture/{:é in 30 ml of acetone was added dropwise
over a 1-min period 2,5 ml of 8 N Jones reagent (56). After stirring
at 0% for 10 min, the reaction mixture was quenched with 10 ml of 2-
propanol and diluted with 100 ml of water, Most of the acetone was
evaporated from the solution at reduced pressure, and the remaining
liquid was extracted with four 8C-ml portions of ether, The combined
ethereal extracts were washed with water (two 100-ml portions) and
saturated brine (two 200-ml portions), and then dried (Na2504). After
removal of the dessicant and evaporatlion of the solvent under reduced
pressure, there was obtainéd 277 mg of a yellow oill, A 254 mg portion
of this oil, on purification on ptle (55) (30% ether-petroleum ether,

single development), afforded 237 mg (93%) of ketone I-6 as a semi-
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erystalline oil (Rf 0.40); ir (ch:13) 1700 ( C=0), 1600, 1585, 1485
(aromatic), and 1260, 1150, 1040 oL (ArOCHB). The analytical sample,
prepared by crystallization cf a portion of this material from ether,
melted at 68-93°; ir (CH013) same as above; nmr (CDGlj) 4 0,70, 0,98
(two singlets, 3, C-8a CH3’ ratio ca, 113), 1.65 (s, 3, C-6 GH3)' 3.82
(s, 3, AT ocn3). and 6,6-7.3 (m, 4, Ar H),

Anal, Caled for 022H3002‘ ¢, 80,943 H, 9,26, Found: G, 81,02;
H, 9,38,

8-Methoxy-4a 3 ,10b B ,12ax ~trimethyl-3,4,4% ,4bx ,5,6,10b,11,12,12a-
I e e e b P e P e e At P s Oty ™V,

Bl

decah chrysen-1 2H)-one (E_—_Z).

A, From crystalline olefinic alcohol mixture I-S5,

A stirred and ice cooled solution of 12,49 g (38 mmoles) of crystal-
line olefinic alcohol’zzé in 850 ml of acetone was treated portionwise
over a 5-min period with 19,0 ml (152 meq wts) of 8 N Jones reagent
(56). After stirring for 10 min with cooling the solution was treated
with 12 ml of 2-propanol and poured onto 1,8 1, of water, This mixture
was extracted with four 1-1, portions of ether, and the combined organic
phases were washed with saturated aqueocus sodium bicarbonate solution
{(two 800-ml portions) and saturated brine (700 ml), and then dried
(Mgsou). After removal of the dessicant and concentration of the solu-
tion at reduced pressure, there was obtained 12,0 g of ketone};é as a
light brown solid,

I Uéing refluxing trifludroacefic acid,

The cyclization was performed using a slight modification of
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the procedure of J. Tilley (19g). An 11,5 g portion of crude keto-
olefinlz;é was dissolved in 115 ml of trifluorocacetic aclid, and the
solution was heated at reflux with stirring for 3.5 hr, Analysis by
vpe (57) of quenched aliquots from the reaction mixture showed that the
peak corresponding to starting material (oven temperature 300°, ret,
time 1,3 min) did not completely disappear until near the end of this
period, The black mixture was cooled with an ice bath and diluted with
11, of ether and 1 1, of benzene, This solutlion was washed with water
(two 500-ml portions), 10% aqueous sodium hydroxide solution (two 400-
ml portions) and saturated brine (500 ml), and then dried (MgSOu).
After removal of the drying agent and evaporation of the solvent under
reduced pressure there was obtained 12 g of a brownlish foam which after
two crystallizations from ethanol afforded 7,6 g (64% from alcohol I-5)
of tetracyclic ketone‘E:Z as light tan crystals, mp 1&9—1510 (vae),
The analytical sample, prepared by three crystallizations of this solid
from ether, melted at 150-152° (vac); ir (cx{013) 1700 ( C=0), 1605,
1575, 1500 (3,4-disubstituted anisole), and 1030 oL (AxOMe)s nmr
(GD013) d 0.90 (s, 3, C-la CH3). 1,19, 1,22 (two singlets, 6, C-12a
and C-10b GHB's respectively), 3.77 (s, 3, Ar OCHB), and 6,6-7,3 (m,
3, Ar H),

Anal, Caled for 022H3002z ¢, 80.,94; H, 9,26, Found: €, 80,89;
H, 9.34,

The mother liquors from the ethénolrcrystallization, on analysis
by vpe (57) (oven temperature 300°), exhibited two peaks with ret, times

of 1,7 and 2,0 min, in a ratlo of nearly 111, These peaks correspond
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in retention time to the c¢cis-anti-trans fused tetracycllic ketone 15, and
Paatd

the trans-anti-trans fused prnduct‘g;z respectively (19e)., When a por-
tion of this mixture was dissolved in triflunorocacetic acld and heated
at reflux for 48 hr, quenched aliquots from the dark solution showed
the same peaks in unvaried ratio on analysis by vpc (same conditions as
above),

2, Using trifluoroacetic acid at room temperature,

A solution of 3% mg (0,103 mmole) of the crude keto-olefin
mixture‘zzé in 0,5 ml of trifiluorcacetic acid was stirred at rcom tem-
perature in a closed flask under alr, Small aliguots were periodiecally
removed, quenched with potassium carbonate in ether, and analyzed by
vpe (57) (oven temperature 300°), That peak corresponding to pure start-
ing material (ret, time 1,3 min) gradually decreased with time until it
was no longer present after 10 days, Two new peaks appeared (ret, time

1,7 min and 2,0 min), corresponding to the cis-anti-trans fused isomer

EéLand the desired trans-anti-itrans product C-7 respectively, After 2

days, both peaks had formed to an equal extent, but then the latter
peak started increasing with respect to the former so that at the end
of 10 days they were present in a raiio of ca, 85:15; this ratio re-
mained unchanged after four more days of stirring, at which time the
solution was diluted with 50 ml of ether, This mixture was washed with
water (50 ml) and saturated aqueous sodium bicarbonate (two 20-ml por-
tions), and then dried (MgSOQ). After removal of the dessicant and
evaporation of the solvent under reduced pressure, there was obtained

34 mg of a brown oll, the analysis of which by vpe (same conditions as
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above) was unchanged from that of the last aliquot before work-up;
this also provided the same analysis by vpc (same conditions as above)
as the crude product obtained from refluxing trifluorcacetic acid
(part 1), After crystallization of this oil from ethanol, 21 mg (60%
from the hydroxy olefin mixturedz:é) of the ketone‘E:Z was obtained as
brown crystals, melting at 146-149° (vac),

B, From the crude noncrystalline olefin mixture I-5,

When crude, noncrystalline olefin mixture I-5 was employed in this
reaction sequence, and refluxing trifluorcacetic acid was used to effect
cyclization, tetracyclic ketone C-7, mp 144.-148° (vac), was obtained

in 54% yield (from crude alcohol 2:2}.

6a ,7-Epoxy-la B,10b8,12a¢ -t:imethyl-z,rl&,ba,l&bu »596,6a,7,10,1020¢,
10b,11,12,12a~tetradecahydrochrysen-3(9H)-one Qg:l).

To a stirred solution of 125 mg (0,419 mmole) of enone G-2 (19f)
in 10 ml of methanol at room temperature was added 1 ml (EE- 300 mg,
16 mmoles) of 30% aqueous hydrogen peroxidé solution and 0,5 ml of 10%
aqueous sodium hydroxide solution, After stirring under air for 1 hr,
this cloudy mixture was diluted with 75 ml of ether and the resulting
solutlon was shaken with 25 ml of saturated brine in 100 ml of water,
The aqueous phase was separated and extracted with two 30-ml portions
of ether, and the comblned organic phases were washed with two 30-ml
portions of saturated brine and dried (MgSOu). After removal of the
dessicant and evaporation of the solvents at reduced pressure, there

was obtained 126,4 mg of semi-crystalline material, Purification of
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this material on ptlec (55) (30% ether-petroleum ether, single develop-
ment) afforded 108,4 mg (82, 5%) of the epoxyketone K-1 as a white solid
(Re 0.45); mp 98-100° (vac), The analyiical sample obtained from two
crystallizations of this solid from methanol-methylene chloride melted
at 102,5-103,5° (vac); 1ir (aHC1,) 1700 ( €=0), 1450 (-CH,-), and 1385
ont (Gi); nmr (CDCL,)  0.82, 0,87, 1,05 (3 singlets, 9, C-ba, C-10b,
and C-12a CHy's), 3.16 (s, 1, C-7 H), and 5.49 (s, 2, HoC=CTH),

Anal, Caled for 021H3002: ¢, 80,213 H, 9,62, Founds C, 80,44;
H, 9,69,

1ex -3 ‘-Butynyl)-4bee 82 @ ,10a0¢ -trimethyl-3,4,4% 8 ,4b,5,6,8a,9,10,102-

decahydrophenanthren-2(1H)-one (K-2),
A slight modification of the general procedure of Eschenmoser and

co-workers (32b, ¢) was employed in this reaction, To a dry mixture of
77.0 mg (0,244 mmole) of the epoxyketone K-1 and 48,8 mg (0.261 mmole)
of|2-toluenesulfonylhydrazine at -20° was added with stirring and swirl-
ing 1.5 ml of -20° acetic acid-methylene chloride (111), After stirring
for § min at -20°, the solution was stored in a -20° freezer for 15 hr.
The mixture was then stirred at room temperature for an additional 4 hr
(during which time it turned red) and was then diluted with 150 ml of
ether, The resulting solution was washed with 5% aqueous sodium hydrox-
ide solution (two 30-ml portions), water (30 ml), and saturated brine
(two 30-ml portions), and then dried (Mgsbh), After removal of the
dessicant and evaporation of the solvents at reduced pressure, 81 mg of

a yellow gum was obtained, Purification of this material on ptlc (55)
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(30% ether-petroleum ether, single development) afforded 50,5 mg (69,2%)
of the acetylenic ketone K-2 as a yellow oil (Rf 0.48) which was suitable
for analysis; ir (CH013) 3300 (acetylenic C-H), 2120 (-CzC-), 1700 ( C=0)
and 1390 en~t (CH3): nmr (cDC13) d 0,77, 0.85, 1,13 (3 singlets, 3 each,
C-4b, C-8a and C-10a CHB'S) and 5,49 (s, 2, H-C=CZJH),

Anal, Caled for C,,H, 01 C, 84,513 H, 10,13, Founds C, 84,25;

21730
H, 10,02,

1 -(3’-Butynyl)-2 8 ,bb&,8a 8 ,10ac¢ -tetramethyl-1,2,3,4,42 8 ,4b,5,6

82,9,10,10a-tetradecahydro-2e¢ —phenanthrol (K-3),
To a stirred and ice cooled mixture of 0,36 ml (0,685 mmole) of

1,9 M ethereal methyllithium solution (Ventron Corp,) and 2,0 ml of dry
ether was added over a 2-min period a solution of 19,0 mg, (0,0636 mmole)
of the acetylenic ketone X-2 in 0,4 ml of dry ether, Two additional
0,4-m1 portions of dry ether were used to help effect complete addition,
After stirring for 10 min longer at 0°, and for 5 min without cooling,
the reactlon mixture was cautlously quenched with 0,5 ml of water and
was then diluted with 100 ml of ether, This solution was washed with
water (20 ml) and saturated brine (two 20-ml portions), and then dried
(MgSO4 andra trace of K2003). After removal of the drying agents and
evaporation of the solvent at reduced pressure, 18,8 mg of a clear oil
was obtained, Purification of this material on ptlc (55) (50% ether-
petroleum ether) afforded 16,0 mg (80%) of the alcohol K-3 as a white
solid, mp 84-88° (vac), The analytical sample obtained from two crys-

tallizations of a portion of this material from ether-hexane melted
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at 91,0-92,5%(vac); ir (cH013) 3600 (OH), 3300 (acetylenic C-H), 2115
(-Cc=C-), and 1385, 1370 cm™l (@i5)s nmr (CDC1,) & 0,81 (s4 3), 1,00,
1,03 (2 singlets, 6), 1.17 (s, 3, C-2, C-4b, C-8a and C-10a CHB‘S) and
5.45 (s, 2, HC=CH),

Anal, Caled for CpH, 0t C, 84,02; H, 10,90, Founds C, 84.01;
H, 11,04,

ba B ,6a B »10b 8 y12ao¢ -Tetramethyl-3,4,4 ,0bx,5,6,62,7,10,10a 6,100,114,

12,12a-tetradecahydrochrysen-8(9H)-one (E_:-_&ﬂ_)) "

A modification of the procedure of Lansbury and DuBois (35) was
developed to allow isolation of the intermediate enol trifluoroacetate,
A mixture of 2,0 ml of trifluorocacetic acid and 0,6 ml of trifluoro-
acetic anhydride was cooled in a w387 bath; 1,6 ml of this cold solu-
tion was then added to 16,0 mg (0,508 mmole) of the acetylenic alcohol
k-3 at -18%, and the mixture was stirred at this temperature for 20
min, Analysis by vpe (57) of a base quenched aliguot of this mixture
withdrawn 15 min into this period showed almost no remaining starting
material (oven temperature 250°, ret, time 1,2 min), At the end of 20
min, the pressure in the system was reduced with a2 vacuum pump, and the
cooling tath was then removed to facilitate evaporation of the solvents,
Most of the liquid was gone within 5 min, but the residual oil was dried
at room temperature for 20 min at ca, 0,05 mm pressure, This oll was
handled so as to avoid prolonged contact with moist alr and appeared
to be the desired enol trifluorcacetate K-4:i ir (CHG13) 1790 (enol

trifluorcacetate C=0), 1695 (enol trifluorcacetate C=C), 1385 (CHB)
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and 1220, 1170, 1140 on™2 (R-0-C and CFS); no remaining 3300 enl

(acetylenic C-H): nmr (CDC1,) & 0.81, 0,90, 1,04 (3 singlets, 3, 3

3)
and 6, C-4a, C-6a, C-10b, and C-12a CHB's). 5.28 (m, 1, GF3002~C=C—H)
and 5,44 (s, 2, H-C=C-H); analysis by vpc (57) showed only one peak
(oven temperature 2500, ret, time 1,2 min),

A solution of the crude enol trifluoroacetate‘gzﬂ described above
in 1 ml of acetone and 1 ml of methanol was treated with 3 drops of
water and stirred at room temperature for 50 min, Analysis of an ali-
quot from the reaction mixture at this point by vpe (57) showed two
peaks (oven temperature 250°, ret, times 1,2 and 1,8 min) in a ratio of
312, the first having the same ret, time as the enol trifluorcacetate,
To the stirred solution were then added 5 drops of 10% hydrochloric acid
and 2 drops of water, An aliquot from the reaction mixture 25 min after
this addition showed only the ret, time 1,8 min peak on vpe (250°),
After neutralization of this solution with sodium bicarbonate and re-
moval of most of the solvent under reduced pressure, the resulting
residue was treated with 100 ml of ether, This mixture was washed with
20 ml of water and two 20 ml portions of saturated brine, and then dried
(Mgsoh). Following removal of the dessicant and evaporation of the
solvent at reduced pressure, 17,5 mg of a yellow solid was obtained,
Purification of this material by ptlc (55) (&X20 cm plate, 40% ether-
petroleum ether, single elution) afforded 14,7 mg (92%) of the known
tetracyclic ketone‘E:QP as a white solid, mp 166-172° (vac); the ir
and nmr spectra of this material were superimposable on those of puri-

fied ketone G-8b prepared by J. Tilley (1%h), Crystallization of this
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solid from methylene chloride~hexane afforded white crystals, mp 170-1‘?4o
(vae) fiit. (19h) mp 172-176° (vaci}; a mixture of these crystals with
a sample of ketone G-8b from J, Tilley [mp 172-176° (vacj], melted at
170-174° (vac),

4boe,82 B ,10a ~-Tetramethyl-1e¢ -(3 -pentynyl)-1,2,3,4,4a B8 ,4b,5,6,

8a,9,10,10b-dodecahydro-2e ~phenanthrol (L-2) and 2ex -Methoxy-2 8 ,Aboe,

8a B ,10ae¢ ~tetramethyl-le¢ - (3 -pentynyl)-1,2,3,4,4 8 ,4b,5,6,82,9,10,

10b-dodecahvdrovhenanthrens (L-1),
WWM

A quantity of 0,101 M ethereal methyllithium solution was prepared
by dilution of 0,56 ml (1,01 mmole) of a 1,8 M ethereal methyllithium
solution (Ventron Corp,) to 10 ml with dry ether, To a stirred and
ice cooled 2 ml portion of this solution was added a solution of 24,0
mg (0,0805 mmole) of the acetylenic ketone K-2 in 0,4 nl of dry ether;
two additional O,4-ml portions of ether were used to help effect com-
plete addition, After stirring at 0° for 10 nin, the reaction mixture
was allowed to stir without cooling for 20 hr, Durling this period the
following additions were made to the reaction mixtures 7.6;41 (0,121
mmole) of dry iodomethane after 15 miny 1.5 ml of dry THF after 35 min;
151 (0,242 mmecle) of dry iodomethane after 1 hry 0,5 ml of 0,101 M
ethereal methyllithium solution and then 0,1 ml of dry iodomethane after
2,5hr;y 0,5 ml of 0,101 M ethereal methyllithium sclution after 7.5
| hry 1.0 ml of dry io&cmethane and then 0,1 ml of 1,8 M ethereal methyl-
lithium (Ventron Corp.) after 17,5 hr, It was not until the end of the

20 hr period that the peak corresponding to unmethylated acetylenic al-
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cohol X-3 on analysis by vpe (57) (oven temperature 280°, ret, time 1.5
min) had completely disappeared, Following this prolonged course of
events; the above mixture was diluted with 100 ml of ether, and the re-
sulting solution was washed with two 25-ml portions of water and two
25=ml. portions of brine and then dried (NaZSOu with a trace of KZCOB)'
After removal of the drying agents and evaporation of the solvents at
reduced pressure, 27,5 mg of a yellow oil was obtained which afier puri-
fication on ptlc (55) (10X20 cm plate, 25% ether-petroleum ether, single
development) afforded two compounds, There was obtained 16,0 mg (60%)
of the desired alcchol L-2 (1—':f 0.30) as a white solid; ir (03013) 3605
(OH) and 1390, 1375 cm™ (C,); mur (CDC1;) 0,80, 0,97, 1.01, 1.1k

(& singlets, 3, 6 and 3), 1.77 (m, 3, CEC-CHB), 5,44 (s, 2, H-C=C-H),
Also obtained was 6,0 mg (23%) of the methyl ether L-1 (Rf 0,70) as a
yellow oil; ir (GHC1,) 1390, 1375 (CH;) and 1075 en~t (R-0-Ci); nmr
(CD013) g o0.79, 0.92, 1,01, 1,06 (& singlets, 12, C-2, C-4b, C-8a and
C-10a Cﬂj's), 1,74 (m, 3, CEC-C}IB), 3,06 (s, 3, ROCHB) and 5,41 (s, 2,
H-C=C.H), These compounds were not purified further but were used di-
rectly in subsequent experiments,

In another experiment performed on very crude acetylenic ketone
3&ﬁ§, the reaction mixture was treated with about 20% 1ts volume of HMPA
just prior to addition of excess iodomethane, None of the alcohol E;g
was formed in this instance, and only the ether L-1 could be isolated,
For a detalled description of this procedure used on the closely anal-
ogous acetylenic ketone E:E, see the preparation of acetylenic ether

U-1,
el
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5o¢,8 B -Dimethylpregn-3-en-20-one (L-6).,

A modification of the cyclization procedure of W, S, Johnson and
co-workers (36) was employed in this reaction, A stirred solution of
16,0 mg (0,04385 mmole) of acetylenic alcohol L-2 in 10 ml of methylene
chloride was cooled with a -18° bath and treated with 0,1 ml of tri-
fluorcacetic acid, Stirring was continued at -18o for 25 min, during
which time analysis by vpc (57) of sodium bicarbonate-water quenched
aliquots showed only one peak (oven temperature 2800, ret, time 1,8
min); this peak has the same ret, time as the starting material and
as the cyclized enol trifluoroacetate_%;&. The abofe mixture was then
stirred without cooling for 1,25 hr and subsequently diluted with 100
ml of ether, The resulting solution was washed with 5% aqueous sodium
hydroxide solution (two 30-ml portions), water (30 ml) and saturated
brine (30 ml), and then dried (MgSOu). After removal of the dessicant
and evaporation of the solvents at reduced pressure, there was obtained
20,3 mg of crude enol trifluoroacetate 2:& as a yellow oil; ir {GHClB)
1790 (enol trifluorcacetate C=0), 1700 (enol trifiluorcacetate C=C),
1385, 1370 (GHB), 1220, 1175, 1050 (trifluorcacetate R-0- and GFB), and
no 3600 en~l (OH); nmr (@e1,)  0.81 (s, 3), 0,89, 0,93 (2 singlets,

3), 1.04 (s, 6, C-5, C~8, C-10 and C-13 CH3's), 1.96 (m, CH -dfozccp3),

2
and 5,46 (s, 2, H-C=C-H); analysis by vpc (57) showed four peaks (oven
temperature 2800, ret, times 1,4, 1,8, 2,3 and 2,6 min) in a ratio of

ca, 61121131, which was unchanged from that of a quenched aliquot from

the reaction after 30 min at room temperature,

To a stirred solution of 20,3 mg of the crude trifluoroacetate
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E:& in 1 ml of methanol and 0,5 ml of ether was added 1 ml of 10% aqueous
sodium hydroxide sblution. After stirring at room temperature for 41 hr
this mixture was diluted with 100 ml of ether, and the resulting solu-
tion was washed with water (100 ml) and saturated brine (two 100-ml
portions), and then dried (MgSOQ_). After removal of the drying agent
and evaporation of the solvent at reduced pressure, there was obtained
18,2 mg of a yellow oil, Purification of this material on ptle (55)
(10X20 cm plate, 15% ether-petroleum ether, single elution) afforded

8 mg (47%) of the pregnenone L-6 as a white solid; ir (CHClB) 1695

(C=0) and 1387, 1360 ent (CHB); nmx (cnczB) d o,71, 0,81, 0,89, 1,03
(4 singlets, 3 each, CG-5, C-8, C-10, C-13 Giiy's), 2.08 (sy ca. 3, Gi.,
(c=0)R], and 5,45 (s, 2, HC=CH); analysis by vpc (57) showed only one
peak (ovén temperature 2800, ret, time 2,2 min),

. From the ptlc described above, a very nonpolar fraction (Rf 0.70)
containing 4,2 mg of an oil was obtained; analysis by vpe (57) showed
one peak (oven temperature 280°, ret, time 1.4 min); ir (GHCIB) 1387
(GH,) with no 3400-3650 (OH) or 1790-1650 em~t (C=0); nmr (cpe,,
noisy) & 0,80, 0.88, 1,02, 1.26 (4 singlets, R,0-GH,'s) 1,69 [s (broad),
%cﬁg], 1,78 [n (obscure), CSC-CHj], 5.45 (s, HO<CH), These spectra
are consistent with either olefinic ohloride_gzz‘or acetylenlc dehydra-
tion product}ké}

1-Chloro-8-methoxy-4a 8 ,12ae ~trimethyl-3,4,4,4bx,5,6,100,11,12,12a-

decahydrochrysene-2-carbaldehyde (M-2) and 1-Chloro-8-methoxy-ka @,10b8 ,
P e e R S i - gy S

12a ¢ ~trimethyl~3,4,4 ,bbee ,5,6,100,11,12,12a-decahydrochrysene~2,9-
il S R g e S e e = e
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dicarbaldehyde (g:z).

A modification of the procedure of Moersch and Neuklis (37a) was
employed in this experiment, Ice cooled phosphoryl chloride (12 ml,
20,1 g, 0,131 mole) was stirred and treated over a 1-min period with
13,6 m1 (12,8 g, 0,176 mole) of dimethylformamide, After stirring for
30 min without cooling, the viscous solution of Vilsmeir reagent was
added at room temperature to a stirred solution of 1,158 g (3,54 mmoles)
of tetracyclic ketone’g;z in 24 ml of dimethylformamide, The stirred
reaction mixture was then heated with a preheated, 60° 0il bath for 6
hr so that thé internal temperature rose to a constant 55-560. After
cooling with an ice bath, the solution was poured onto 350 g of ice
and 40 ml of 40% aqueous sodium hydroxide solution, and the resulting
mixturé was extracted with four 50-ml portions of methyléne chloride,
The combined organic phases were washed with water (six 50-ml portions)
and saturated brine (two 50-ml portions), and then dried (MgSOu). After
removal of the drying agent and concentration of the solution at reduced
pressure, there was obtained 1,310 g of a yellow solid which was chro-
matographed on 200 g of silica gel in a high-pressure column, After
elution with 400 ml of methylene chloride, concentration of the next
600 ml of eluent from the column at reduced pressure provided 854 mg
(64,5%) of the chloxo aldehyde M2 as a white solid, mp 196-198° (vac),
The analytical sample, obtained after crystallization of a portion of
this material from acetone-methylene chloride-water, melted at 198, 5-
199° (vac); ir (cH013) 2750 (weak, aldehyde C-H), 1665 (unsaturated

aldehyde ¢=0), 1605, 1575, 1500 (aromatic), 1385 (CHB), and 1150,
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10%0 cm™ > (AzOCH,); mow (GDCL;) S 0,92, 1,21 (2 singlets, 3 and 6,
C-4a, C-10b and C-12a CH's), 3.77 (s, 3, Ar OCH3). 6.6-7.3 (m, 3, Ar H),
and 10,30 (s, 1, CHO),

Anal, Caled for G, H,,0,Cl+ C, 74,085 H, 7.8%; C1, 9,51,

Founds C, 74,12; H, 7,963 C1, 9,49,

No material was eluted from the column by an additional 350 ml of

methylene chloride, but concentratlon at reduced pressure of the follow-
ing 600 ml afforded 154 mg (13,3%) of starting ketone as a white solid;
ir and nmr spectra are the same as those of a purified sample of ketlone
S-7. Furthér elution with 500 ml of 5% methanol ether gave 147 mg of
a white so0lid, which on crystallization from acetone methylene chloride
water afforded the dialdehyde M-1, mp 265-266° (vac, dec); ir (ch13)
2770 (aldehyde C-H), 1670 (aldehyde C=0's), 1605, 1570, 1495 (aromatic),
and 1150, 1055 cmt (AxOCH,); mmr (GDC1;) o 0,92, 1,21 (2 singlets,
3 and 6, C-%4a, C-10b and C-12a cnj's), 3.90 (s, 3, Ar OCHB), 6,70 (s,
1, ¢-7 H), 7.80 (s, 1, C-10 H), 10.30 (s, 1, C-2 CHO), and 10,50 (s,
1, C-9 CHO),

Anal, Calcd for °2u529°3°1’ ¢, 74,903 H, 7.29; C1, 8,84,
Founds C, 71,82; H, 7.,24; C1, 8,90,

The yield of the desired chloro aldehyde‘ﬁzg based upon recovered
starting material was 74,5%, In a similar experiment, in which the
Teaction mixture was heated with a 69° bath for 4,5 hr, the yleld of

purified aldehyde M-2 (without recovery of starting material) was 71%,

A e e et ™ e e et e g e e e g S sl ol
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12,12a-dodecahydrochrysene-2a&X ~carbaldehyde (}_@-_-__3‘) .

A thréé-neck flask was fitted with a.DIy'Icé condenser, a reflux
condenser, a non pressure-equalized dropping funnel, and a magnetic
football stirring bar, The system was flushed with argon, and 7 cm
(259 mg, 37,6 mg atms) of lithium wire was added in pieces ca, 1 cm
long, After the Dry Ice condenser was charged, ca, 120 ml of dry am-
monia was distilled in from a reservoir of blue lithium/ammonia solu-
tion and thén 50 ml of dry THF was added, A solution of (253 mg, 0,678
mmole) of thé chloro aldehyde M-2 and 128 wl (100 mg, 1,356 mmoles) of
dry t-butyl alcohol in 60 ml of dry THF was placed in the dropping fun-
nel which was then externally pressurized with ca, 2 psi of argon, This
mixture was added dropwise over a 50-min period to the vigorously stirred
1ithium/ammonia solution, = After an additional 15 min, portions of
dry powdered sodium benzoate were added until the blue color faded, A
hot air gun was used to heat the yellow-orange suspenslon as most of
the ammonia was evaporated over a 30-min period through a mercury bub-
bler, A gentle argon stream was then passed in through the Dry Ice
condenser and out through the reflux condenser (fitted with the mercury
bubbler), and the mixture was heated to reflux with hot air over a 30-
min period, The argon flow was-halted (although an argon atmosphere
was maintained) and 40 ml of dry THF was added, The reaction mixture
was stirred with ice cooling, and was treated after 10 min with 5 ml
(11.% g, 80 mmoles) of iodomethane, The suspension turned white, and
after stirring without cooling for 2 hr, the mixture was diluted to 200

ml with ether, This mixture was washed with water (two 50-ml portions),
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10% hydrochloric acid (50 ml), saturated aqueous'sodium bicarbonate
solution (50 ml) and saturated brine (50 ml), and then dried (MgSO,),
Following removal of the drying agent and concentration of the solution
under reduced pressure, 281 mg of a gummy solid was obtained, Purifi-
cation of this material on ptlc (55) (15% ether-petroleum ether, devel-
oped twice) afforded 154,4 mg (64,4%) of the aldehyde M-3 as a slightly
yellow solid (Rf 0.45); ir (cH013) 2805, 2705 (aldehyde C-H), 1720

1

(c=0), 1605, 1575, 1500 (aromatic), 1385 (CH and 1245, 1040 em”

AN
(A:QCH3)3 nmr (cnc:13) S 0,76 (s, 3, C-12a CHB). 0,93, 1,00 (2 sing-
lets, 3 each, C-2 and C-4a CHy's), 1.21 (s, 3, C-10b CHy), 3.76 (s, 3,
Ar OCHB), 6,6-7.3 (m, 3, Ar H) and 9,45 (s, 1, CHO), Crystallization
of a portion of this material from ether-hexane provided the analytical
sample which melted at 111-116° (vac, dec w/bubbling); ir and nmr
were the same as those of chromatographed material,

Anal, Calcd for Czuﬂjhpza c, 81,31; H, 9,67, Found: C, 81,43;
H, 9.67,

While this reaction has been performed on a 600 mg portion of
chloro aldehyde in 57% yield, some difficulty was encountered with the
alkylation in reactions of more than one gram, The nmr spectra of
these reaction products showed both the 4 9,31 aldehyde singlet of
methylated product, and a ,5-9.50 doublet corresponding to the aldehyde
signal split by a C-2 H, Although the reason for this incomplete alky-
lation has not yet been uncovered, 1£ may well be due to incomplete re-
moval of ammonia, Upon addition of iodomethane this could lead to for-

mation of methyl ammonium iodide, a proton source,
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Another reduction was performed in a manner similar to that detailed
above; however, one third of the above lithium concentration was used,
twice the aldehyde concentration, and twice the addition rate of alde-
hyde, Chromatography of the product from this reaction afforded a polar
solid material in 16% yield, believed to be the dimer mixture 23;; ir
(CH013) 3610, 3550 (OH), 1605, 1575, 1500 (aromatic), 1380 (CHB), and
1150, 1040 o1 (ArOGHB); no 1665 or 1720 em™? ( ¢=0)3 nmr (GDClB)

d 0,76-0,96 (broad overlapping singlets, 6, C-4a and C-12a CHB'S of
various diastereomers), 1,20 (s, 3, C-10b CHB). 3,76 (s, 3, Ar 00}13).
4,00 {s (broad), t, .‘o;;cx{], 5,66 [s (broad), 1, C-1 H], and 6,6-7,3
(m, 3, Ar H), No further attempts were made at purification or char-

acterization of this material,

2 ¢ -Hydroxymethyl-8-methoxy-2 3,428 ,10b B ,12ae¢ -tetramethyl-1,2,3,4,

4a,hba£,5,6,10b,11,{El;Za-dodecahydrochrysene (M-4),

To a stirred suspension of 110 mg (2,9 mmoles) of 1lithium aluminum
hydride in 5 ml of dry THF was added over a 5-min period a solution of
143 mg (0,403 mmole) of the aldehyde M-3 in 4 ml of dry THF, Three
additional 1-ml wash portions of dry THF were used to effect complete
transfer, After stlirring for 2 hr at room temperature, the reaction
mixture was cooled with an ice bath and cautliocusly quenched by the se-
quential addition of 0,11 ml of water, 0,11 ml of 10% aqueous sodium
hydroxide solution, and 0,33 ml of water, The resulting suspension
was filtered, with the aid of 100 ml of ether, and after concentration

of the filtrate under reduced pressure, there was obtained 139.3 mg (97%)
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of the alcohol M-k as a white foam; ir (05013) 3625, 3470 (OH), 1608,
1575, 1495 (aromatic), and 1385 cm™ (CH;)s mo 1720 em™! ( ¢=0)s nmr
(013013) S 0,97, 1.00 (two singlets, 9, C-2, C-la, and C-12a CH3‘s;
ca, ratio of peaks 2:1); 1,21 (s, 3, C-10b GHB), 3.43, 3.55 (two sing-
lets, 1 each, -OCH H,-), 3.67 (s, 3, Ar OGHB), and 6,6-7.3 (m, 3, Ar H),
Crystallization from methanol of a portion of this material afforded the
analytical sample, mp 123.5—125.5° (vac); 4ir and nmr were the same as
those of the crude material above,

Anal, Caled for 02h33602' ¢, 80,85y H, 10,18, Founds C, 80,73;
H, 10,25,

Methyltriphenoxyphosphonium lodide,

The procedure of Landauer and Rydon (58) was employed, A stirred
solution of 12,4 g (39,6 mmoles) of triphenylphosphite was treated with
3,70 m1 (8,4 g, 59.3 mmoles) of lodomethane, and heated at reflux with
a 75° bath for 18 hr, The bath temperature was then raised to 88° for
5 hr and 95° for 13 hr, The heating bath was then turned off but not
removed, and the entire system allowed to cool over the course of five
hours, At this time 20 ml of dry ether was added (the product was pro-
tected from air and moisture at all times), and the heavy red oil in-
duced to crystallize with some scratching, Following removal of the
ether layer, the product was washed with five 20-ml portions of dry
ether, and any remaining solvent was then evaporated at reduced pressure,
In this manner 14,8 g (83%) of the iodide was obtained as a yellow solid.

This dry material was stored under argon and was stable over a period of



108

weeks; it was not purified further, but was used as such in all experi-

ments,

Attempted conversion of alcohol M-4 to iodide M-5,
e e e i A e e P g g e “enamacy

A, Using methyltriphenoxyphosphonium iodide in dimethylformamide,

A modification of the procedure of Verheyden and Moffatt (44) was
employed, To a stirred dry mixture of 45 mg (0,126 mole) of crystalline
alcohol‘ﬂ;ﬂ and 114 mg (0.252 mole) of powdered methyltriphenoxyphos-
phonium iodide at room temperature was added 1,0 ml of dimethylformamide,
After stirring for 90 min, this mixture was dlluted with 70 ml of ether,
and the resulting solution was washed with 5% aqueous sodium thiosulfate
solution (two 25-ml portions), water (four 25-ml portions) and saturated
brine (25 ml), and then dried (MgSOa) for 5 min, Following removal of
the dessicant and evaporation of the solvent at reduced pressure, 110
mg of an oil remained, Purification of this material on ptlc (55) (12X20
cm plate, 30% ether-petroleum ether, single development) afforded 35,5
mg (83%) of an oil (Rf 0.58), which showed four peaks on analysis by
vpe (57) (oven temperature 30005 ret, times 1,3, 1.5, 1.6 and 1,7 minjy
peak ratios, 1:1:3:13); nmr (cnc13) showed about 20% of the J 3.43 and
3.55 singlets characteristic of starting material and about 80% of one
proton contained in multiplets between  #4,6-5.6, but no significant
peaks in the reglon around 4 3.2 (-CHZ-I).

In a repetition of thls experiment, dimethylformamide which was
freshly distilled from 4% molecular sieves was ﬁsed and the reaction

mixture was stirred for only 1 hr, The results obtained in this case
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were the same as those described above, and consistent with a product
mixture resulting from rearrangement and dehydration of the starting
alcohol,

Dodecyl alcohol was submitted to the same conditions described
above as a check on the reagents, The crude product obtained exhibited
in its nmr spectrum none of the 4 3,62, J = 6 Hz triplet characteristic
of starting material, but instead showed a prominent new triplet, cf

3,19, J = 6 Hz, indicative of the iodide,

B, Using methyltriphenoxyphosphoniun lodide and sodium iodide in

dimethylformamide,

A dry mixture of 14,7 mg (0.412 mmole) of the alcchol M4, 40 mg
(0,885 mmole) of methyltriphenoxyphosphonium iodide, and 50 mg (0,33
mmole) of sodium iodide was cooled in a -22° bath and treated with 0.5
ml of chilled dimethylformamide at -22°, The resultant suspension was
stirred for 1 hr at -220, 80 min at 00, and 16 hr at room temperature,
During these periods, aliquots were removed from the reaction mixture
and analyzed by tlc (55) (40% ether-petroleum ether, single develop-
ment) and vpe (57) (oven temperature 300°); both tests indicated no
change from starting material (tlec R, 0,20; ret, time on vpe 2.7 min)
during the entire time, The reaction mixture was diluted with 70 ml of
ether and the resulting solution washed with 5% aqueous sodium thio-
sulfate solution (25 ml), water (25 ml), and saturated brine (25 ml),
and then dried (MgSOa). After removal of the drying agent and concen-

tration of the solution at reduced pressure, there was obtained 37 mg
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of a clear oil; nmr (CDGlB) clearly shows the ¢ 3,43 and 3,55 singlets
of starting alcohol, which only integrate to ca, 75% of one proton each;
and a small amount of two new singlets, 4 3,17 and 3,25, which integrate
to less than 20% of one proton eachs tlc (55) (40% ether-petroleum ether,
one development) shows only one significant spot which corresponds to
starting material (Rf 0,20).

The reactlon was repeated using twice as much methylitriphenoxyphos-
phonium iodide and half as much solvent, with stirring at room tempera-
ture for 24 hr, A clear oil was obtained after work-up which was the

same as the crude product above, mostly starting material,

C., Using methyltriphenoxyphosphonium iodide in methylene chloride,

In a modification of the procedure of Landor and co-workers (59),
a dry mixture of 19,7 mg (0,0552 mmole) of the alcohol M-k and 125 mg
(0,276 mmole) of methyltriphenoxyphosphonium icdide was treated with
0,5 ml of methylene chloride, After stirring for 45 hr at room tempera-
ture, this nixture was diluted with 75 ml of ether and the resulting
solution was washed with saturated agqueous sodium bicarbonate solution
(25 m1), water (three 25-ml portions) and saturated brine (25 ml), and
then dried (Mgsou). After removal of the dessicant and evaporation of
the solvent under reduced pressure, there was obtained 97 mg of an o0il;
nmr (013013) sti11 showed the § 3.43 and 3,55 singlets of starting ma-
terial, with a one proton integral each, Purification of the oil by
ptle (55) (10X20 cm plete, 20% ether-petroleum ether, one development)

afforded 11,5 mg (59%) of starting alcohol M4 (Rf 0,09); ir (GHGlB)
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identical with that of pure starting material,

8-Methoxy- La B,10b B ,12a.x-tetramethyl-2«¢~ (3 ! _oxo-1 ‘ -propenyl)-1,

2B,

2,3,4,ba 40 ,5,6,10b,11,12,12a-dodecahydrochrysene (N-2),
e S e O N e e e e e et e A ™™ '

The general procedure of Nagata and Hayase (30) was adapted for
this work, A stirred suspension of 880 mg (21 mmoles) of 57% sodium
hydride o0il dispersion in 13,5 ml of dry THF was cooled with an ice
bath and treated over a 5-min period with a solution of 5,46 g (21
mmoles) of diethyl-2-(cyclohexylimino)-ethylphosphonate in 25 ml of dry
THF, The ice bath was removed for 10 min and then replaced for 5 minj
a solution of 1,100 g (3,10 mmoles) of the aldehyde M-3 in 18 ml of
dry THF was then added over a 1-min period, with the aild of two 2-ml
portions of dry THF to effect complete addition, This stirred mixture
was heated with a preheated 60° oil bath for 80 min, cooled with an ice
bath, and then poured onto 150 ml of ice and water, The resulting mix-
ture was extracted with three 200 ml portions of ether, and the combirned
ethereal phases were washed with 200 ml of saturated brine and dried
(MgSOu). After removal of the drying agent and concentration of the
solution at reduced pressure, 6,3 g of a yellow-brown oil containing the
aldimine N-i was obtained, '

Hydrolysis of the aldimine'E:E was accomplished by treatment of
the 6,3 g of crude product from above in 150 ml of benzene with 500 ml
of 1% aqueous oxalic acid solution, This two phase system was stirred
at room temperature for 19 hr, The organic layer was separated and

the aqueous layer was then extracted with three 200-ml portions of ether,
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The combined organic phases were washed with 2% hydrochleric acid (200
ml), 2% aqueous sodium hydroxide solution (two 200-ml portions) and
saturated brine (200 ml), and then dried (MgSOQ). After removal of the
drying agent and evaporation of the solvent at reduced pressure, 1,64 g
of a yellow oil was obtailned, Purification of this o0il on 200 g of
silica gel in a high pressure column was accomplished by elution with
L0% ether-petroleum ether, The second 200 ml of eluent from the column
was concentrated at reduced pressure, and there was obtained 1,066 g
(89%) of unsaturated aldehyde N-2 as a white solid; Air (CHclj) 2735
(aldehyde C-H), 1675 ( C=0), 1625 ( c=C ), 1605, 1575, 1495 (aromatic),
1385 (CH,), and 1035 et (ATOCH,); nmr (CDCL,) &~ 0,87, 1,04 (2 sing-
lets, 3 and 6, C-2, C-4a and C-12a CHB'S), 1.21 (s, 3, C-10b GHB). 3.76
(s, 3, Ar OCHB), 6,05 (dd, 1, J = 16 and 7,5 Hz, C-2/ Z~H), 6,6-7.3
(m, 4, Ar H and C-1’ 2~H), and 9,52 (d, 1, J = 8 Hz CHO), This material

was not purified further but was used directly in subsequent reactions,

a‘lnethoxy-z,s yta B ,10b B ,12ax ~tetramethyl-20¢ - 3_"::oxopropyl)-1 1293,4,

ba ,4bo¢,5,6,100,11,12,122-dodecahydrochrysene (N-4),

A, Using triethylsilane and tris-(trivhenylphosphine)-rhodium

chloride,

A modification of the procedure of Nagai and co-workers (45) was
developed for reduction of the unsaturated aldehyde‘g;g, InA1.25 ml of
stirred triethylsilane, 135 mg (0,355 mmole) of the aldehyde N-2 did
not dissolve over a period of 5 min at room temperature, This mixture

was treated with 0,67 ml of benzene to effect solution, and then 4,5 mg
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(4,9 umoles) of tris-(triphenylphosphine)-rhodium chloride was added,
The stirred solution was heated with a 50° bath for 2,75 hr; during
this time, two 2-mg (2,2;4moles) portions of the rhodium catalyst were
added after 1,25 and 2,0 hr of heatling, After transfer of this solution
to a larger flask using ca, 25 ml of ether, evaporation of the solvent
at reduced pressure afforded a yellow oil which contained the silyl enol
etherlﬁzg. A solution of this oil in 5 ml of acetone was treated with
0.5 ml of 5% hydrochloric acid and stirred for 20 min at room tempera-
ture, Ether (100 ml) was added and the resulting solution was washed
with water (two 25-ml portions), saturated aqueous sodium bicarbonate
solution (25 ml), and saturated brine (25 ml), and then dried (Mg504),
After removal of the dessicant and evaporation of the solvent at reduced
pressure, 200 mg of a semicrystalline yellow product was obtalned,
Purification of this material on ptlc (55) (35% ether-petroleum ether,
single development) afforded 113 mg (83,3%) of the aldehyde ﬁ;& as a
white solid (R, 0,42); ir (c:{013) 2735 (aldehyde C-H), 1720 ( C=0),
1605, 1575, 1495 (axromatic), 1380 (C}Ij) and 1035 on~t (ArOGHS): nAr
(cnch) d 0,90, 1,00, 1,05 (3 singlets, 9, C-2, C-ba and C-12a CHB'S),
1.22 (s, 3, C-10b CHB), 3,77 (s, 3, Ar OGHB), 6,6-7,3 (m, 3, Ar H) and
9.80 (m, 1, CHO), This material was not purified further but was used

directly in subsequent reactions,

B, Using 1ithium in ammonia,

A solution of 1,35 cm (50 mg, 7.25 mmoles) of 1ithium wire in ca,

25 ml of dry ammonia and 10 ml of dry THF was prepared in a flask fitted
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with a non pressure-equalized dropping funnel, In this funnel was placed
a solution of 52 mg (0,136 mmole) of the unsaturated aldehyde N-2 and
12,8 1 (10,1 mg, 0,136 mmole) of t-butyl alcohol in 25 ml of dry THF,
The funnel was externally pressurized with argon, and the aldehyde solu-
tion was added dropwise over a 35-min period to the stirred blue solu-
tion, After stirring for 10 min longer, the reaction mixture was treated
with small portions of powdered sodium benzoate until the blue color
faded, The ammonia was then evaporated through a mercury bubbler over

a 20-min period, and the resulting suspension was poured onto 50 ml of
10Z hydrochloric acid and ice, This mixture was extracted with three
50-ml portions of ether, and the combined extracts were washed with
water (50 ml), 5% aqueous sodium hydroxide solution (two 50-ml portions),
water (three 50-ml portions), and saturated brine (50 ml), and then dried
(Mgsoh). After removal of the drying agent and concentration of the
solution at reduced pressure, 67 mg of a yellow solid was obtained,
Purification of this material by ptle (55) (30% ether-petroleum ether,
single development) afforded 24 mg (46%) of a white semicrystalline
material (R, 0,04); 1ir (03013) 3605, 3570 (CH), 1605, 1575, 1495
(aromatic), 1385 (CHB) and 1035 cn™L (ArOCHB); nmr (cnc:13) J 0.95,
0,98 (broad overlapping singlets, 9, C-2, C-la and C-12a CHB'S), 1,22

(sy 3, C-10b CHy), 3.76 (s, 3, Ar OCH,), 3,91 (m, 1, #~CH-0-), 5.1-6,0
(m, 2, H:C=C;H), and 6,6-7,3 (m, 3, Ar H), These spectra are consistent
with those expected for the mixture of alcohol dimers‘ﬂi. Another 34

mg of solid (R, 0,34) obtained from the above ptlc was submitted to a

second purification on ptlc (55) (15% ether-petroleum ether, double
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development), and 17,6 mg (34%) of the desired aldehyde N-4 (Rf 0,34)
was obtained, The ir and nmr spectra of this material are the same as

those obtained in part A above,

Preparation of 1sopropyltriphenylphosphon@ggriodide.

According to the procedure of Wittig and Wittenberg (60), 7.25 g
(27.6 mmoles) of triphenylphosphine and 3,4 ml (5,78 g, 34 mmoles) of
iodomethane were combined in a flask, This mixture was heated under a
reflux condenser with a 98-102° bath for 24 hr and then cooled, The
white solid mass which had formed in the flask was broken up and crushed
(under an argon atmosphere) and the resulting coarse powder was washed
with 10 ml of dry ether, and drled of any remaining solvent at reduced
pressure, This crude iocdide weighed 11,89 g and was not purified fur-
ther; it was stored as a solid under argon for use in subsequent ex-
periments, and remained intact for at least severzl weeks, Some of the
triphenylphosphine starting material must have been present as an im-
purity in the iodide, as it was later identified in all reaction mix-

tures in which the icdide was employed,

8-Met§2§y-2£§1#§i;1§O§1§l1?aoc-tetramethyl-zo(:&4'-mq§pyl-3'-pentenyl)-

1!2,3,4,ha,hbc(,5,6,10§l}1,12!1Za-d9§§cahydrochrysene (M-6),

The Wittig reaction was performed using a modified procedure of
Bothner-By and co-workers (46), A stirred suspension of 4,62 (10,7
mmoles) of crude isopropyltriphenylphosphonium iodide in 30 ml of dxry

THF at room temperature was treated dropwise over a 3-min period with
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4,03 ml (8,55 mmoles) of a 2,12 M solution of phenyllithium in 30%
ether-benzene (Alfa Inorganics, Inc,), The red suspension was stirred
for 2,25 hr, and then a sclution of 819 mg (2,14 mmoles) of the aldehyde
E;& in 9 ml of dry THF was added over a 5-min period; two 2-ml portions
of dry THF were used to effect complete addition, After stirring at
room temperature for 50 min longer, the red mixture was diluted with

500 ml of ether, and the resulting solution was washed with water (three
200-ml portions), 10% aqueous hydrogen peroxide solution (200 ml) and
water (200 ml), The solution was then shaken with 200 ml of 10% aqueous
hydrogen peroxide solution for 5 min to convert any remaining triphenyl-
phosphine impurity to the oxide, The organic phase was separated,
washed with 10% aqueous sodium thiosulfate solution (200 ml) and satur-
ated brine (150 ml), and then dried (MgSOu). After removal of the
dessicant and evaporation of the solvent at reduced pressure, a semi-
solid mixture was obtained, This material was filtered through a glass
wool plug with the aid of 100 ml of petroleum ether to remove most of
the relatively insoluble triphenylphosphine oxide, Concentration of
the filtrate at reduced pressure afforded 1,2 g of a yellow oil which
was purlfied by chromatography on 120 g of silica gel, The first 150

ml of eluent showed four spots on tlc (55) (4% ether-petroleum ether,
single development) and was discarded; the next 25 ml was put aside,
and concentration of the following 250 ml at reduced pressure afforded
651 mg (74,5%) of the olefin M-6 as a white solid; ir (cH013) 1605,
1575, 1495 (avomatic), 1385 (CH,), and 1035 em~l (ArOMe); nox (epe1,)

d 0.92, 0.98, 1.05 (3 singlets, 3 each, C-2, C-la and C-12a G 's),



117

1.21 (s, 3, C-10b CH;), 1.59, 1.66 (2 singlets, c=c(ca3)2], 3.76 (s, 3,
Ar OCH,), 4.85-5.35 (m, 1, C=C-H) and 6,6-7.3 (m, 3, Ar H).

Evaporation of the solvent from the 25 ml fraction that was put
aside afforded 101 mg of an oll, Purification of this material on ptlc
(55) (13X20 cm plate, 4% ether-petroleum ether, single development)
afforded an additional 69 mg (7,9%) of olefin ¥-6, This material had
the same nmr spectrum as olefin ﬂ;é describved above; the combined yield
was thus 720 mg (82,5%), Crystallization of a portion of this material
from methanol with a trace methylene chloride afforded the analytiecal
sample as fluffy white crystals, mp ?8-80o (vac); 4ir and nmr of this
sample were the same as those of chromatographed material above,

Anal, Caled for CZ9H449‘ ¢, 85,233 H, 10,85, Found: C, 85,06;
H, 10,66,

Treatment of the aromatic olefin M-6 with trifluorcacetie acid/anhydride
ot e e st e o g™ s g e N s ™ e e i g e T ol At g

mixture at ~200.

The aromatic olefin.ﬁzé_was subjected to the same conditlons used
to cyclize the acetylenic alcoholj&i} A mixture of 2,0 ml of trifluoro-
acetic acid and 0,6 ml of trifluorocacetic anhydride was chilled in a
-20° bath and a portion of this cold mixture was added to 20 mg (0,049
mmole) of the olefin M-6 at -20°, The resulting mixture was stirred
at -20° for 20 min, and then the pressure over the solution was reduced
with the aid of a vacuum pump, Following this the cooling bath was
removed to facilitate evaporation of the solvents (which tooﬁ about

5 min) and the remalning residue was dried at room temperature at ca,
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0,05 mm pressure for 1 hr, This oil appears to be the crude triflvoro-
acetate 0-1; ir (ch13) 1775 (trifluoroacetate G=0), 1605, 1495 (aro-
matic), 1380, 1370 (CHB), 1165 (CFB), and 1035 i (AxOGHB); nmr
(59013) d 0.89, 0,97, 1,20 (3 singlets, C-2, C-ka, C-10b and C-12a
CHB's), 1,54 s, CFBGo;‘c(CHB)g]. 3,74 (s, Ar OGHB), 6,5-7.3 (m, Ar H)
and almost no remaining 5,05 (m, R,C=CHR’) or 1,61 (s c=c(cn3)2].

The side chain olefin signals are clearly lacking in the nmr spectrum,

2B ,4ap,1008 ,12a0¢ ~Tetranethyl-2o¢ - (4”-methyl~3’-pentenyl)-1,2,3,4,

ha 4vet ,5,6,10,10a0¢,10b,11,12,12a-tetradecahydrochrysen-8(9H)-one (0-6),
PP . e e e WA )

A, Attempted preparation using hydrochloric acid-ethanol treatment

of Birch reduction product 0-2,

1. Reduction

Both the Birch reductlon and the acid catalyzed hydrolysis
were performed using the procedure of J, Tilley (19f). A solution of
100 mg (0,254 mmole) of the aromatic olefin E;é and 4,2 ml (3.32 g,

45 mmoles) of t-butyl alcohol in 8,0 ml of dry THF was added to ca,

25 ml of dry, stirred ammonia, Two 1-ml portions of dry THF were used
to help effect complete addition, With continued stirring, this solu-
tion was treated with 1,3 cm (48 mg, 6,97 mmoles) of lithium wire, re-
fluxed for 2 hr and then cautiously quenched with 1,25 ml of methanol,
With the ald of gentle hot alr heating the ammonia was evaporated under
a stream of argon over a i-hr period, The remaining mixture was par-
titioned between 1oO ml of ether and 70 ml of water and the aqueous

layer was separated and extracted with 25 ml of ether, The combilned
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organic phases were washed with 50 ml of water and 50 ml of saturated
brine, and then dried (MgSOu) for 5 min, After removal of the dessicant
and evaporation of the solvent at reduced pressure, 114 mg of the crude
1,4-dihydro compound 0-2 was obtained; nmr (CDCIB) 4 0,92, 1,04, 1,10
(3 singlets, C-2, C-4a, C-10b and C-12a CHB'S), 1,62, 1.68 (2 broad
singlets, C=C(CH3)é}, 3,53 (s, ¢;>-OCH3), 4,63 (m, -0-C=C-H), 5,10 (s,
R20=CH-R/), and no peaks between 6,6-7.4 (Ar H),

2, Hydrolysis and conjugation

The crude 1,4-dihydrocompound Q-2 was dissolved in 12 ml of
ethanol and treated with 8 ml of 5 N hydrochloric acid, This solution
was stirred and heated in a 65—'70o bath for 40 min, and then cooled and
poured onto 50 ml of water, The resulting mixiure was extracted with
three 50-ml portions of ether, and the combined extracts were washed
with saturated aqueous sodium bicarbonate solution (two 50-ml portions)
and saturated brine (50 ml), and then dried (Mgso4). After removal of
the drying agent and evaporation of the solvent at reduced pressure,
106 mg of a yellow oil was obtained; ir 3600, 3430 (OH), 1660 ( C=0),
1615 (C=C), and 1390, 1380 cm™ (cHy)s nmr (CDCL,) & 0,92, 0,95, 1,15
(3 singlets, ca, 6, 3 and 3, C-2, C-la, C-10b and C-12a CHB'S), 1,24
(s ca. 6,'§:c(cn3)é], 5.86 (broad s, ca, 1, O=C-CH=C), and only traces
of any peaks at 5.1 (ch=cH-R’) or 1,61 and 1,68 [bac(cua)é], These
spectral data are consistent with those of desired enone_gzé with a2 hy-
drated side chain, i,e,, the alcohol_g:ﬂ. This material was not char-
acterized further but was dehydrated in an effort to obtain enone 9:9‘

A stirred solution of 106 mg of the crude alcohol O-4 described
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above and 6 mg of p-toluenesulfonic acid monohydrate in 10 ml of benzene
was heated at reflux through a Dean Stark watér separator, The side arm
of the separator had been filled with Drierite before heating was begun,
After 4 hr at reflux, the stirred solution was treated with an addition-
al 6 mg of p-toluenesulfonic acid monohydrate, and then reflux was con-
tinued for 15 hr longer, The reaction mixture was then cooled and di-
luted with 100 ml of ether, and the resulting solution was washed with
5% aqueous sodium hydroxide solution (two 30-ml portions), water (30 ml)
and saturated brine (30 ml), and then dried (MgSOh). After removal of
the dessicant and evaporation of the solvents at reduced pressure, 110
ng of a semicrystalline product was obtained, Purification of this
material on ptle (55) (40% ether-petroleum ether, single development)
afforded 66,6 mg (68,8% based on the aromatic olefin ﬂ;é) of a mixture
of olefins 0-5 and Q-6 as a pale yellow solid (R, 0,29):+ nmr (GDClB)
was the same as that of purified enone 0-6 except that the d 5,07
miltiplet (R2G=CHR') integrated to only 87% of one proton, while a new
mltiplet was present at J 4.63 (RR'C=CH2) and integrated to 13% of
two protons; +the broad singlets at d 1,62, 1,69 were also somewhat
smaller than for the single isomer‘g;ét analysis by vpe (57) showed
only one peak (oven temperature 300°, ret, time 3,9 min), having the

same ret, time as the enone 0-6,
e

B, Preparation employing mild acid hydrolysis of the enol ether

0-2 and base catalyzed conjugation of the enone 0-3,

1, Reduction
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Birch reduction of the A ring was performed on 50 mg of the
aromatic olefin‘ﬁzé exactly as described in part A above, except that
all material quantities employed were reduced to half the stated amounts,
In this manner 56 mg of crude enol ether'gxg’was obtained,

2, Hydrolysis of the enol ether 0-2

To a stirred solution of 56 mg of crude enol ether 0-2 in 1
ml of methylene chloride at room temperature was added sequentially 2
ml of ethanol, 0,5 ml of water and 50 mg of oxalic acid, After stirring
for 2 hr, the reaction mixture was diluted with 100 ml of ether, and the
resulting solution was washed with 5% aqueous sodium hydroxide solution
(two 25-ml portions), water (25 ml) and saturated brine (25 ml), and
then dried (MgSOu). After removal of the dessicant and evaporation of
the solvents at reduced pressure, there was obtained 50 mg of crude pB,
¥ -unsaturated ketone 0-3 as an oil; ir (GHClj) 1710 ( C=0), 1385 (CHB)
and no peak at around 3600 em™! (OH); nmr (coc1,) 4 0,93, 1,06, 1,08
(3 singlets, ca, 211:1, C-2, C-4a, C-10b and C-12a CHB's), 1,61, 1,68
[é broad singlets, G=C(GH3)é], 2,39, 2,69 [2 broad singlets, ca, 211,
allylic C-6, C-10 and C-7 H's) and 5,10 (m, RZC=CH-R’ ).

3, Conjugation of the enone 0-3

To a stirred solution of 50 mg of the crude nonconjugated
enone‘g;z in methylene chloride at room temperature was added sequen-
tially 1 ml of ethanol, 0,15 ml of water and 0,10 ml of 10% aqueous
sodium hydroxide solution, After stirring for 30 min, the solution
was treated with 0,05 ml of 40% aqueous sodium hydroxide solution, and

1 hr later a white precipitate began forming in the reaction mixture,
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This suspensiocn was diluted with 100 ml of ether after stirring for a
total of 2,3 hr, and the resulting mixture was washed with water (twe
25-ml portions) and saturated brine (25 ml) and then dried (MgSOq_).
After removal of the dessicant and evaporation of the solvent at reduced
pressure, 50 mg of a yellow solid was obtained, Purification of this
material on ptle (55) (40% ether-petroleum ether, single devslopment)
afforded 35 mg (72.2%) of the enone 0-6 as a pale yellow solid; ir
(CHC1,) 1655 ( 0=0), 1615 (C=C) and 1390, 1375 et (CHy)s nmr (GDC1,)
&£ 0,88, 0,90, 0,93 (3 singlets, 9), 1,15 (s, 3, C-2, C-4a, C-10b, C-12a
CHB‘s), 1,61, 1,67 Erather obscure singlets, C=C(CH3)£], 5,08 (m, 1,
ch-=c:HR’) and 5,87 (broad s, 1, 0=C-CH=C); analysis by vpe (57) indi-
cated 99% one component (oven temperature 3000, ret, time 3,8 min).

This material was utilized directly in subsequent experiments without
further purification,

6a,7-Epoxy-2 B ,4a B ,10b B ,12a¢ —tetranethyl -2e¢ (4 "-methyl-3 -pentenyl)-

1,2,3,4,4a b8 ,5,6,6a,7,10,10a& ,10b,11,12,12a-hexadecahydrochrysen-
8(9H)-one (P-1),

To a stirred solution of 392 mg (0,988 mmole) of enone 0-6 in 9
ml of methylene chloride at room temperature was added sequentlially
20 ml of methanol, 5,3 ml of 30% aqueous hydrogen peroxide solution,
and 1,2 nl of 10% aqueous sodium hydroxide solution, After étirring
under air in a closed flask for 21 hr, this mixture was diluted with
300 ml of ether, The resulting solution was shaken with 100 ml of

water, and the aqueous phase was separated and extracted with 100 ml
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of ether, The combined organic phases were washed with 100 ml of water
and 100 ml of saturated brine, and then dried (MgSOu), After removal

of the dessicant and evaporation of the solvenits at reduced pressure,

429 mg of a white gum was obtained which on crystallization from meth-
anol-methylene chloride afforded 310 mg (76,2%) of the epoxyketone P-1
as white crystals, mp 103, 5-105,5° (vac, dec); 4ir (ch13) 1700 ( ¢=0),
1450 (-CH,-) and 1375 ent (GHy); nmr (0DCL,) d 0,90, 1.12 (2 singlets,

%and 3, C-2, C-lka, C-10b, C-12a CH.'s), 1.59, 1,67 [2 broad singlets,

L 3
c=c(ca3)2]. 3,11 (s, 1, C-CH), and 5,07 (m, 1, C=CH-), The analytical
sample obtained from a second crystallization of a portion of this ma-
terial from methanol-methylene chloride melted at 107—108.50 (vac)s
ir and nmr spectra of this sample were the same as those of the crys-
- talline material described above,

Anal, Caled for 028H4402’ ¢, 81,503 H, 10,75, Founds C, 81,49;
H, 10,73,

Purification of the mother liquors from the first crystallization
4n ptlc (55) (10X20 cm plate, 40% ether-petroleum ether, single develop-
ment) afforded an additional 30 mg (7,4%) of the desired epoxide,gzl'as
a solid (Rf 0.40); nmr spectrum of this material was the same as that
of the crystalline product described above, The total yield of epoxy-

ketone P-1 from crystallization and ptlc was 340 mg (83.6%),

1e¢-(3’-Butynyl)-4bex ,7ex ,8a B ,10a x-tetramethyl-7 8 (4 -methyl-3’-

pentenyl)-3,4,4 8 ,4b,5,6,7,8,82,9,10,10a-dodecahydrophenanthren-2( 11 )~

one (2;3).
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A slight modification of the general procedure of Eschenmoser and
co-workers (32b, c) was employed in this reaction, To a dry mixture of
51.0 mg (0,124 mmole) of the epoxyketone P-1 and 24,5 mg (0.131 mmole)
of p-toluenesulfonylhydrazine at -20° was added with stirring and swirl-
ing 2.5 ml of -20° acetic acid-methylene chloride (1:2), After stir-
ring for 5 min at —200, the solution was placed in a -15° to -250
freezer for 30 hr, The mixture was then stirred at room temperature
for 13 hr (during which time it turned a dbright red) and was then di-
Juted with 100 ml of ether, The resulting solution was washed with
water (two 25-ml portions), saturated‘aqueous sodium bicarbonate solu-
tion (two 25-ml portions), and saturated brine (25 ml), and then dried
(MgSOu), After removal of the dessicant and evaporation of the solvents
at reduced pressure, 57 mg of a yeliow oil was obtaiﬁed. Purification
of this material on ptle (55) (6,5%20 cm plate, 15% ether-petroleum
ether, single development) afforded 31 mg (63.3%) of the acetylenic
ketone P-2 as a white solid (Rf 0.,32); ir (CHClB) 3300 (acetylenic
C-H), 2120 (-C=C.), 1700 ( C=0) and 1390, 1380 em™ (CHB); nmr (cnc13)

& 0,76 (s, 3), 0,91 (s, 6), 1.2 (s, 3, C-4b, C-?7, C-8a and C-10a CHB'S),
1,62 and 1,68 [? broad singlets, C=C(CH3)é], and 5,1 (m, 1, RCH=C), The
analytical sample obtalned from two crystallizations of this material
from methanol melted at 90,5-91,5° (vac); ir and nmr spectra of this
sample were the same as those of chromatographed material described

above,

Anal, Calcd for 028H4403 c, 84,79; H, 11,18, Found: C, 84,672;

H, 11,21,
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10¢-(3/-Butynyl)-2 B8 ,4ba ,76¢ ,82 B ,10acl -pentanethvl-78 - l#’-methyl-Bt-

pentenyl)-1,2,3,4,4a 8,b,5,6,7,8,82,9,10,10a-tetradecahydro-20¢~

phenanthrol (2:2).

To a stirred and ice cooled mixture of 1,1 ml (1,81 mmole) of 1,65
M ethereal methyllithium solution (Ventron Corp,) and 2,2 ml of dry
THF was added over a 7-min period a solution of 55,0 mg (0,139 mmole)
of the acetylenic ketone P-2 in 2,5 mx of dry THF, Two additional 1i-ml
portions of dry THF were used to help effect complete addition, After
stirring for 25 min without cooling, the reaction mixture was cautiously
quenched with 1 ml of water and was then diluted with 100 ml of ether,
This solution was washed with 25 ml of water and 25 ml of saturated
brine, and then dried (MgSOu). After removal of the drying agent and
evaporation of the solvents at reduced pressure, there was obtained 56,7
mg (99%) of crude alcohol P-3; ir (CHC13) 3600 (OH) 3300 (acetylenic
C-H), 2115 (-CZC-) and 1385, 1375 cn ' (cy)s nmc (CDC1,) o 0.89 (s, 6),
0.97, 1.06, 1,13 (3 singlets, 9, C-2, C-4b, C.7, C-8a and C-10a CH3's);
tle (55) (50% ether-petroleum ether, single development) showed one
dark spot (Rf 0,50) and several barely visible minor spots, This ma-
terlal was used directly without further purification in subsequent

experiments,

Cyclizatidn‘of the acetylenlec alcohol P-3 with trifluorcacetic acid in
P e I T o e e A,

methylene chloride to give the chloro olefin P.5,
2.5 g e L)

A stock solution of ca, 2% trifluoroacetic acid and ca, 0,5% tri-

fluoroacetic anhydride in methylene chloride was prepared by mixing O.4
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ml of trifluorocacetic acid, 0,1 ml of trifluorcacetic anhydride and 19,5
ml of dry methylene chloride, To a stirred solution at 0% of 12 mg
(0,0291 mmole) of the alcohol P-3 in 0,4 ml CH,C1l, was added 0.1 ml of
the 2% acid solution, After stirring at 0° for 35 min and without cool-
ing for 1,25 hr, this mixture was treated with 2 ml of dry methylene
chloride and 0,5 ml of the 2% acid solution, The mixture was stirred
at room temperature for another 1,5 hr and then diluted with 75 ml of
ether, The resulting solution was washed with 20 ml of ice-eco0ld, satur-
ated aqueous sodium bicarbonate solution, 20 ml of water and 20 ml of
saturated brine, and then dried (MgSOu). After removal of the dessicant
and evaporation of the solvents at reduced pressure, there was obtained
17 mg of a yellow oil; ir (CH013) 3600 (OH, ca, 50% normal intensity),
3300 (acetylenic C-H, ca, 50% normal intensity), and 1775 (trifluoro-
acetic C=0, ca, 30% of full scale), As cyclization appeared incomplete,
this oll was treated with 2 ml of the 2% acid solution and stirred at
room temperature for 30 min, The mixture was then diluted with 70 ml

of ether, and the resulting solution was washed with ice-cold saturated
aqueous sodlum bicarbonate solutlon (25 ml), water (20 ml) and saturated
brine (20 ml), and then dried (MgSOu). After removal of the dessicant
and evaporation of the solvent at reduced pressure, there was obtalned
17 mg of the crude chloro olefin trifluorcacetate P-5 as an oil; ir
(CHCl3) 3300 (acetylenic C-H, ca, 10% normal iniensity). 1775 (trifluoro-
acetate C=0), 1375 (CH,) and 1170 i (cFy)s nar (cDO1,) J° 0,87,
0,98, 1,04 (3 singlets, 30 CH 's), 1,56 [}. (cH )ZCOZCCF-] 5.43 (m,

C1-C=C-H), and no 5,05 (m, R C_GHB ) or 1,61 wac(CH 2]
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A mixture of 14 mg of the crude trifluoroacetate f:é and 0,5 ml
of 5% aqueous sodium hydroxide solution in 2 ml of methanol was stirred
at room temperature for 20 hr, This nmixture was then diluted with 70
ml of ether and the resulting solution washed with 25 ml of water and
25 ml of brine, and then dried (MgSOh). After removal of the drying
agent and evaporation of the solvent at reduced pressure, there was
obtained 14 mg of crude chloro alcohol‘zzé as a yellow oil; ir (GHCIB)
3600 (OH), 3300 (acetylenic C-H, ca, 10% normal intensity), 1705 ( C=0,
ca. 10% normal intensity), and 1385 cm™t (CHy)s max (GD01,) & 0.89,
0.96, 1,05 (3 singlets, R,C-GH;'s), 1.22 [, (cH,), 68 ]y and 5,42
(c1c=CH),

Conversion of the acetylenic alcohol P-3 to the crude enol bis-trifluoro-
acetate Q-1,

A mixture of 2,0 ml of trifluorcacetic acid and 0,6 ml of tri-
fluorocacetic anhydride was cooled at -18% and 2,0 ml of this cold solu-
tion was added to 26,2 mg (0,0635 mmole) of alcohol P-3 at -18°, The
resulting brown solution was stirred at -18° for 30 min, and then the
pressure in the system was reduced with a vacuum pump, Removal of the
cooling bath facilitated evaporation of the solvents which took about
10 min, and the brown residue was then dried for 30 min at room tempera-
ture at ca, 0,05 mm pressure, In this manner 29 mg of crude enol tri-
fluorocacetate Et& was obtained as a brownish gum; 1ir (CHClB) 1790 (enol
trifluorocacetate C=0), 1775 (trifluorcacetate C=0), 1695 (enol tri-

fluoroacetate C=C), 1370 (GH3)’ 1165, 1140 (CF3) and essentially no
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(1-2%) 3300 en”} (acetylenic C-H); nmr (ee1,) & 0.89 (s, 9), 1.02,

1,04 (2 singlets, 6, C-2, C-4a, C-6a, C-10b and C-12a CHB'S), 1.5 (s,
R

2, (CH3), C Jrppdy and 5.23 {s (vroad), 1, TFA-0-C=CH], Due to the

sensitive nature of this intermediate it was not purified further but

was used directly in subsequent experiments,

Hydrolysis of the crude enol bis-trifluorcacetate Q-1 to the hydroxy
ketone Q-2,

To a stirred solution of ca, 12 mg of trifluoroacetate‘gzz in 1
ml of 2-propancl was added 0,1 ml of 5% aqueous sodium hydroxide solu-
tion, After stirring for 14,5 hr, this mixture was diluted with 70 ml
of ether, and the resulting solution was washed with 20 ml of water,
and 25 ml of saturated brine, and then dried (MgS0,), After removal
of the dessicant and evaporation of the solvent at reduced pressure,
there was obtained 11,4 mg of crude ketone‘gsg_as a yellow solid; ir
(CH013) 3600, 3450 (OH), 1700 (C=0), 1470 (-GHZ-) and 1385, 1375 cai
(CHB); nmr (cncl3) d 0,90, 1,10 (2 singlets, C-2, C-ba, C-6a, C-10b,
C-12a CH3's) and 1,22 [s, (GH3)2 ciﬁ_ ; tlc (55) (75% ether-petroleun

ether, single elution) shows one large spot (Rf 0,30),

Attemgted generation and alkylation of an enolate anion from the crude

enol bis-trif;goroacetate Q-1,

A, Using methyllithium,

A stirred mixture of 0,14 ml (0,238 mmole) of 1,71 M ethereal

methyllithium (Ventron Corp.) and 0,3 ml of dry DME was cooled in an
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ice bath (a white precipitate formed) and treated with a solution of
ca, 16 mg (0.04 mmole) of the crude enol trifiuoroacetate'QZL in 0,32
mlrof dry DME, After 10 min at O°, the suspension was treated with
0,6 ml of dry THF to effect solution of the precipitate, This solu-
tion was stirred for 10 min at room temperature and then for 15 min
at 00, after which 0,25 ml of dry HMPA was added, followed by 0,25
ml of dry icdomethane, After stirring without cooling for an addi-
tional 23 min, this mixture was diiuted with 75 ml of ether, The re-
sulting solution was washed with 5% hydrochloric acid (seven 20-ml
portions) and brine (20 ml), and then dried (MgSOu). After removal
of the dessicant and evaporation of the solvent at reduced pressure,
there was obtained ca, 25 mg of a yellow gum; ir and nmr spectra
looked much like those of unalkylated ketone.gsg, with no ér 0,71
C-6a GH3 singlet characteristic of the shicnone A ring (Zhd), A solu-
tion of this gum in 3 ml of ethanol was treated with 36 mg of 85%
potassium hydroxlde and stirred at room temperature for 12,5 hr,

The mixture was diluted with 75 ml of ether, and the resulting solu-
tion was washed with 20 ml of water and 20 ml of saturated brine,

and then dried (MgSO4), After removal of the dessicant and evapora-
tion of the solvent at reduced pressure, there was obtained 18 mg of
a yellow oil; nmr (GDCIB) was rather undescriptive, but still did
not exhibit any § 0,71 singlet; tlc (55) (75% ether-petroleum ether,
single elution) showed at least 6 spots, one of which (Rf 0.30) had

the same Rf as unalkylated ketone Q-2,
P



130

B, Using 1ithium/ammonia.

To a stirred solution of ca, 1 mm (4 mg, 0,6 mg atm) of 1lithium
wire in ca, 5 ml of dry ammonia, was added a solution of 0,046 mmole of
crude enol trifluorozcetate 2:3 in 1,5 ml of dry THF, Two additional
0,25-m1 portions of dry THF were used to effect complete additlon,

The blue color faded after 10 min, so another 1 mm (4 nmg, 0,6 mg atm)
plece of 1lithium wire was added, The resulting blue solution was stirred
at reflux for 55 min longer, and was then quenched by the rapid addi-
tion of 0,25 ml (595 mg, 2,5 mmoles) of dry iodomethane, After another
65 min the ammonia was evaporated from the solution with the aid of a
hot ailr gun, and 75 ml of ether was added to the residue, This mixture
was washed with two 20-ml portions of water and 20 ml of saturated
brine, and then dried (MgSOh). After removal of the dessicant and
evaporation of the solvent at reduced pressure, there was obtained 20

mg of a yellow oil, This materlal was submitted to the same hydrolysis
conditions as desceribed in part A, and afforded the same sort of complex
mixture as in part A (possibly even worse); no é; 0.71 singlet was

apparent in the nmr spectrum of thils crude material,

Attempted cyclization of acetylenic alcohol R-6 to enol formate S-1i
with formic acid,
- s

A, At -520°,

A cold (-5°) mixture of 1 ml of dry methylene chloride, 1 ml of
formic acid (distilled from B,0.) and 0,1 ml of acetic anhydride was

added to 15,5 mg of the alcohol R-6 at -5°, This mixture was stirred
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at -5° for 20 min and at 0° for 2,2 hr, and then the solvents were re-
moved under reduced pressure (vacuum pump), After drying for 1 hr at
ca, 0,05 mm pressure, the residue amounted to 15,5 mg of a white solid;
ir (CHClB) was the same as that of starting material; analysis by vpc
(57) showed one peak (oven temperature 3000, ret, time 2,9 min) with

the same ret, time as starting material,

B, At room temperature,

The reactlion was repeated using exactly the same amounts of mate-
rials as described above, but at room temperature, This mixture was
stirred for 4,5 hr, during which time tlec (55) (50% ether-petroleum
ether, single elution) of aliquots showed gradual disappearance of the
Rf 0.43 spot (starting material) and clean appearance of two new spots
(Rf 0,54 and 0,63) of about equal intensity, The solvents were then
removed at reduced pressure (vacuum pump) and after drying for iZ hr
at 0,05 mm pressure, the residue amounted to 16 mg of a yellow oil; ir
(CHC].B) 3300 (acetylenic C-H, ca, 50% normal intensity), 1730 (enol
formate C=0, ca, 50% normal intensity) and no remaining 3600 cm’1 (OH);
nmr (ch13) d 3.76 (s, 3, Ar OCHB), 5,14 (m, ca, %, -0-C=CH), 5,50 (m,
ca. 3, RC=CH-R'), 6,6-7.3 (m, 3, Ar H) and 8,06 (s, ca. HCO,C=C),
These spectra are most consistent with a product that consisted of a

111 mixture of the desired enol formate S~1 and the acetylenic olefin
P o

BuD
oA

Attempted cyclization of alcohol R-6 to enol ether S-3 with borontri-
P T e e
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fluoride etherate complex,

A, In diethyl ether,

To a stirred solution at -78° of 15,4 mg of acetylenic alcohol'E;§
and 0,1 ml of pinene in 1,5 ml of ether, was added over a l-min period
0.5 ml of borontrifluoride etherate complex (distilled from calcium
hydride), This mixture was stirred at -78° for 3 hr, at which time
tle (55) (50% ether-petroleum ether) was unchanged from that at the
beginning of the reaction and still showed the R, 0,40 spot correspond-
ing to starting material, The temperature of the stirred solution was
then raised slowly as the 250 ml Dry Ice/acetone cooling bath was allowed
to warm to room temperature, After stirring for a total of 21 hr this
solution was poured onto 50 ml of 10% aqueous sodium hydroxide solution
and ice, The resulting mixture was extracted with two 50-ml portions
of ether, and the combined organic layers were washed with 25 ml of
water and 25 ml of saturated brine, and then dried (MgSOb). After
removal of the dessicant and evaporation of the solvent at reduced
pressure, 53 mg of a thick gum was obtained; ir (CH013> showed no
3600 ot (OH), about 60% of the 3300 p— (acetylenic C-H) band of
starting material, and about 30% of a full scale peak at 1700 ( C=0);
nmr (GDCIB) showed no quartets in the region ca, J 3.0-3,7 (ethyl
ether or ethyl enol ether); analysis by vpe (57) showed three signi-
ficant peaks (oven temperature 3000, ret, time 2,7, 3,2 and 5,1 min)
in a ratio of ca, 6i1213, with the last peak having the same ret, time
as the known ketone R-8D (47), These data are consistent with a mix-

ture of dehydrated acetylene S-4 and cyclic ketone R-8b,
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B, In dimethyl ether,

This experiment was attempted on 16 mg of the acetylenic alcohol
B;é‘with 0,5 ml of pinene and 0,5 ml of borontrifluoride etherate com-
plex in ca, 5 ml of refluxing dimethyl ether (distilied from sodium
hydride), The reaction was allowed to proceed for 4 hr, but the ir
spectrum of the product afier work-up showed both 3600 (0H) and 3300
cm-1 (acetylenic C-H) bands, with the same intensities as in the spectrum
of starting alcohol, and no 1700 em~t (C=0); nmr showed no new singlets
or quartets & 3,0-3.7 (ethyl or methyl ethers), These spectra are
consistent with little or no reaction of the starting alcohollg;é under

the conditions of this reactlon,

Cyclization of the acetylenic ether L-1 with borentrifluoride etherate

comglex in ether,
To a stirred solution at -78° of 9 mg of the ether L-1 in 0.5 ml

of dry ether was added dropwise over a 5-min pericd 0,5 ml of borontri-
fluoride etherate complex, After stirring for 30 min at -?80 the solu-
tion froze, so an additional 0,5 ml of dry ether was added, The re-
sulting solution was then stirred at -?8o for ca, 3 hr, after which the
temperature was slowly raised as the Dry Ice/acetone bath was allowed

to warm to room temperature, Stirring was continued at room temperature,
and 17 hr after being mixed the solution was diluted with 70 ml of ether,
The resulting solution was washed with two 25-ml portions of saturated
aqueous sodium bicarbonate solution and 25 ml of brine, and then dried

(Mgsou), After removal of the dessicant and evaporation of the solvent
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at reduced pressure, there was obtained 10 mg of a yellow oil, The ir
and nmr spectra of this material were the same as those of crude preg-
nenone E;é_obtained from 1% trifluorcacetic acid cyclization of ether
L-1; no starting ether or enol ether peaks (4 3.1-3,7) were evident
in the nmr, Analytical tle (55) (15% ether-petroleum ether) showed
about half the mgterial in a spot (Bf 0.30) having the same Rf as preg-
nenone L-6, and the remainder in two overlapping spots (Rf 0.65). These
data are most consistent with a product mixture containing ca, 50% of
the pregnenone‘k;é, and ca, 50% of elimination and/or fluorinated pro-
aucts (L5/1-3).

A similar experiment was performed on 9 mg of the ether’E:l with
0,1 ml of borontrifluoride etherate in 1,0 ml of dry ether, After
stirring at -780 for 3 hr, this mixture was worked up and a quantitative
recovery of starting material was obtained, In another experiment, a
solution at -18° of 9 mg of the ether;&;& in 0,5 ml of methylene
chloride was treated with 0,05 ml of borontrifluoride etherate, After
stirring at -18° for 30 min, this mixture was worked up and the product
obtained was found to contaln no starting ether or enol ethers (nmr),
nor any ketone (ir); tlc (55) (15% ether-petroleum ether, single elu-
tion) showed only the two overlapping spots (Rf 0,65) which were pre-
sent on tle (same conditions as above) of the crude pregnenone product

described above,

2e¢ -Methoxy-2 B ,4b & ,7a¢,8a B ,10ae¢-pentamethyl-78 - (4’ -nethyl-3’-pen~
tenyl)—lx-‘(j'-pentynyl)-i,2,3,4,4& »4b,5,6,7,8,82,9,10,10a-tetradeca-
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hydrophenanthrene (H:i).

To a stirred and ice cooled mixture of 1,0 ml (1,71 mmoles) of
1.71 M ethereal methyllithium solution (Ventron Corp,) and 1.0 ml of
dry THF was added over a 10-min period a solution of 47 mg (0,118 mmole)
of the acetylenic ketone }':-E in 1,0 m1 of dxry THF, Two additional O, 5«
my portions of dry THF were used to help effect complete addition,
After stirring for 25 min without cooling and then for 7 min with ice
cooling, this solution was treated sequentially with 1,0 ml of dry HMPA
and 0,5 ml of dry lodomethane, The ice bath was then removed and the
solution was stirred at room temperature for 20 hr; tlec (50% ether-
petroleum ether, single development) of an aliquot after 19 hr was the
same as that of an aliguot after 1 hr; both shoWed two large spots
(Rf 0,00 and 0,74) , The mixture was then diluted with 100 ml of ether,
and the resulting solution was washed with water (eight 25-ml porticns)
and saturated brine (25 ml), and then dried (Mgson). After removal of
the dessicant and evaporation of the solvent at reduced pressure, there
was obtained 52 mg (quantitative) of the crude ether U-1 as a clear oil;
ir (CHCl,) 1390, 1375 (CHy), 1075 (R-OCH,) and no 3600 (OH), 3300
(acetylenic C-H) or 1700 em™t ( C=0); nmr (cpe1,) o 0.89, 0,93 (2
singlets, 9, ca, 2:1), 1,05, 1,07 (2 singlets, 6, C-2, C-4b, C-7, C-8a
and C-10a CHB's); 1,61, 1,67 [? broad singlets, CuC(CHS)é]. 1.75 (m,

csc-CHB). 3,04 (s, 3, R ocH3). and 5,06 (m, 1, R,C=CH-R'); tlc (55)

2
(5% ether-petroleum ether) shows one dark spot (Rf 0,56) and only faint
traces of any other material, This oil was not purified or character-

ized further, but was used directly in subsequent reactions,
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JHbox ,7ex¢ ,8a B ,10aex -pent ’-methy1-3’~pen—

tenyl)-1°<-(3'-penteny1)-1,2,3,4,4&}3,hb,5,6,7,8,8a,9,10,10a—tatradeca-
B s T i R i

hydrophenanthrene (U-2).

To a stirred and refluxing blue solution of 15 mg (0,65 mg atm)
of sodium in ca, 10 ml of dry ammonia and 2 ml of dry THF were added
over a 5-min period a solution of 52 mg (gg. 0,118 mmole) of the crude
acetylenic ether‘g;l in 2 ml of dry THF, Two additional O, 5-ml portions
of dry THF were used to help effect complete addition, The blue color
of this stirred mixture faded after 1 hr at reflux, so an additional 12
mg (0,52 mg atm) of sodium was added, After additional 2 hr the blue
solution was gquenched by the careful addition of 1 ml of water, and then
the ammonia was allowed to evaporate through a mercury bubbler over an
18 hr period, This suspension was diluted with 100 ml of ether, and
the resulting mixture was washed with water (two 25-ml portions) and
saturated brine (25 ml), and then dried (MgSOu), After removal of the
dessicant and evaporation of the solvents at reduced pressure, there
was obtained 51 mg (98%) of the crude diene U-2 as a cloudy gum; ir
(CHC1,) 1390, 1375 (CH,) and 1075 en™? (R-0CH,); mmr (€DC1,) & 0,05
(s, trace of silicon grease), 0,90, 0,93, 1.04, 1,09 (4 singlets, ca.
2114141, C-2, C-4b, C-7, C-8a and C-10a CH,'s), 1,62, 1.67 (2 broad
singlets, c=c(cH3)2], 3.07 (s, 3, R OCHB). 5,10 (m, 1, R?_c.-CH_R’) and
5,40 (m, 2, H-C=C.H); tlc (55) (2% ether-petroleum ether) showed only
one major spot (Rf 0,73) with only slight traces of impurities visible,
This gum was not purified or characterized further, but was used directly

in subsequent experiments,
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Attempted cyclization of the olefinic ether U-2 with formic acid or tri-
I e e et e i gy o o

fluoroacetic acid,

A stirred and ice cooled solution of 6,9 mg of the ether U-2 in
0,5 ml of methylene chloride was treated with 2,0 ml of cold formic
acld (distilled from 3203). This cloudy solution was stirred with ice
cooling for 5 min, and then poured onto 25 ml of 10% agueous sodium
hydroxide solution and 35 ml of crushed ice, The resulting mixture
was extracted with two 40-ml portions of ether, and the combined organic
phases were washed with 25 ml of water and 25 ml of saturated brine,
and then dried (Mgsoq). After removal of the drying agent and evapor-
ation of the solvent at reduced pressure, there was obtained 8,0 mg of
a cloudy gum: ir (CHClB) showed no 3600 cm"'1 (oH) peak but does show
ca, 30% of a normal intensity C=0 peak at 1715 e (formate)s nmr

(CDCIB) has a rather obscure angular CH, region; all but ca, 10% of

3
the & 3,08 singlet (R OCH3) is gone; the disubstituted olefin & 5.4
appears unchanged; the trisubstituted olefin & 5,05 (m) and 1,61, 1,67
(2 singlets) appears mostly intact; only a small amount of formate
(:J.B.i) was present (gg. 10-20% of a proton), These spectra are most
consistent with a product mixture resulting from elimination of the
tertiary ether of starting material or elimination of the secondary
formate from any cyclization product,

When this reaction was attempted using neat formic acid, the sub-
strate was found to be insolﬁble. Formic acid and chloroform at room

temperature for 12 min gave similar results to those described in detail

above, Prolonged formic acid-methylene chloride treatment at room temp-
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erature for 7 hr completely destroyed the trisubstituted olefin, and
yet did not afford any secondary alcohol on hydrolysis of the esters,
Trifluoroacetic acid (10%) in methylene chloride at -40° for 6 min did
not seriously affect the side chain, but destroyed ca, 60% of the
starting ether functionality and afforded almost no trifluoroacetate

ester products,
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Appendix

For many of the reactions employed in this work, small amounts
(less than ~100 ml) of anhydrous solvents were needed at several dif-
ferent times during a procedure, A special apparatus, which allows for
the easy distillation and collection of such solvents immediately prior
to use, was therefore designed, Shown in Fig, 1, this "solvent drier"
eliminates the need for maintaining and handling a large number of dry
collecting flasks by combining the collector and distilling head in one
piece,

The apparatus as set up for use is shown in Fig, 2, With stopcock
"B" closed (protecting the septum), and "A" open, the solvent is heated
to reflux for a period of about 30 minutes or longer to thoroughly dry
the solvent and interior walls of the apparatus, When solvent is about
to be needed, stopcock "A" is closed and collecting begins, (If the
system is accidentally forgotten while in this mode, solvent will fill
the apparatus to the overflow tube and then begin returning to the dis-
tilling flask; +the possibility of the pot going dry is greatly dimin-
ished), When enough solvent has collected, stopcock “B" is opened and
dry solvent is removed through a septum protecting "B", using a dry
syringe with a slightly curved six.inch needle, Stopcock "B" is then
immediately closed, When enough solvent has been removed, stopcock
"A" is opened until need for more dry solvent is anticipated; at that
time the above processes are once again repeated,

This apparatus has proved most convenient in actual operations;
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and since the solvent is always freshly distilled and never transferred
to and stored in intermediate vessels, there is never any doubt as to

its absolute dryness,

2440 5 JOINT el

NS

~25mm 0.D. TUBING ———y

|_—1-200-300ml
7 PYREX BULB

~30cm
2 mm BORE

TEFLON
STOPCOCKS

/

24‘/4_0 $ JOINT \

NN

FIGURE 1



141

N*— DRYING TUBE

i

1 M~

=

—4—— CONDENSER

| ]

F
-

\ SOLVENT

DRIER

RUBBER SEPTUM

sToPCOCK "g”

STOPCOCK * A"

SOLVENT AND
DRYING AGENT

FIGURE 2



142

References

1, L, F, Pieser and M, Fieser, "Steroids”, Reinhold, New York (1959).

2, a, A, R, Pinder, "The Chemistry of the Terpenes", Wiley, New York
(1960) p. 176-192,

b, P. de Mayo, "The Higher Terpenoids", Interscience, New York (1959)
p. 64-215,

¢, G, Ourisson, P, Crabbe, O, R, Rodig, "Tetracyclic Triterpenes",
Holden-Day, San Francisco (1964),

3, D. N. Kirk and M., P. Hartshorn, "Steroid Reaction Mechanisms",
Elsevier, New York (1968) p. 1-20,

4, A, A, Akhrem and Y. A, Titov, "Total Steroid Synthesis", Plenum
Press, New York (1970),

5. E. J. Corey and R, R. Sauers, J. Am, Chem, Soc., 81, 1739 (1959).

6. E, Romann, A, J, Frey, P, A, Stadler, and A, Eschenmoser, Helv,
Chim, ACTA, 40, 1500 (1957).

7. G. Stork, A. Meisels, and J. E. Davies, J, Am, Chem, Soc,, 85,
3419 (1963). ~

8, Synthetic intermediates discussed throughout Part I of this thesis
are racemic; for convenience, the only one enantliomer has been
depicted in structural formulas and the dl prefix has been omitted
in naming these compounds, Triterpene structures have been numbered
as indicated by S. Allard and G, Ourisson, Tetrahedron, 1, 277 (1957).
Bicyclic compounds have been named and numbered as naphthalene de-
rivatives, tricyclics as phenanthrene derivatives, and tetracyclics
as chrysene derivatives, according to the rules set forth by IUPAC,
"Nomenclature of Organic Chemistry", Butterworth, London (1969),

9., D, H., R, Barton and K. H. Overton, J. Chem, Soc,, 2639 (1955),

10, E, J, Corey, H., -J. Hess and S, Proskow, J. Am, Chemn, Soc.,.é},
5258 (1959§; 85, 3979 (1963).

P
11, J. A, Barltrop, J., D. Littlehailes, J, D, Rushton, and N. A, J,
Rogers, Tetrahedron Lett,, 429 (1962),

12, E, Ghera and F, Sondheimer, Tetrahedron Lett,, 3887 (1964),

13, R, E, Ireland, S, W, Baldwin, D, J, Dawson, M, I. Dawson, J. E. Dolfini,



14,

15.

16,
17,

18,

19,

20,

21,

22,

23.

143

J, Newbould, W, S, Johnson, M, Brown, R, J. Crawford, P, F, Hudrlick,
%. H;)Rasmussen, and K, K, Schmiegel, J. Am, Chen, Soc,, 23, 5743
1970).

G. Stork, S, Uyeo, T, Wakamatsu, P, Grieco, and J. Labovitz, J. Anm,
Chem, Soc., 93, 4945 (1971), -

a, R, E, Ireland, D, A, Evans, D, Glover, G. M, Rubottom and H.
Young, J. Org, Chem., 34, 3717 (1969).

b, R. B, Ireland, D, A, Evans, P. Loliger, J. Bordner, R. H. Stanfoxd,
Jr., and R, E. Dickerson, J. Org, Chem,, 34, 3729 (1969).

R, E, Ireland and S, C, Welch, J, Am, Chem, Soc,, 23, 7232 (1970).

a, W, Nagata, M, Yoshioka and S. Hirai, J. Am, Chem, Soc., 9%,
P
4635 (1972),

b, W, Nagata, M. Yoshioka and M, Murakami, J. Am, Chem, Soc.,, 94,
4oy (1972), i

¢, W, Nagata, M, Yoshioka and M, Murakami, J, Am, Chem, Soc,, 9%,
hesh (1972)., -~

d, W, Nagata, M
672 (1972).

e. W, Nagata and M. Yoshioka, Organic Synthesis, 52, 100 (1972).

Yoshioka and T, Terasawa, J. Am.-dhem, Soc, s jfﬁ.

f, W, Nagata and M, Yoshioka, Organic Synthesis,'ég, S0 (19?2).

R, E, Ireland, S, W, Baldwin and S, G, Welch, J, Am, Chem, 3oec,,
4, 2056 (1972).
J, W, Tilley, Ph, D, Thesis, CIT (1971): a) p. 28-63; b) p, 64-68;
¢) p. 22-24; d) p, 70-78 and p., 92-98; e) p, 61-68 and p. 157-160;
£f) p. 170; g) p. 1595 h) p. 205-206,

a, R, E, Ireland, D, R, Marshall and J, W, Tilley, J. Am, Chem, Soc,,
92, 4754 (1970).

b, E, Wenkert and D, A, Berges, J. Am, Chenm, Soc., 89, 2507 (1967),

R. E., Ireland and C, A, Lipinski, unpublished results,

R, E, Ireland, M. I, Dawson, J., Bordner, and R, E, Dickerson,
J- Amo Chemo SOC.. 2%! 2568 (1970)-
c

. J. Kowalski, M, S, Thesis, CIT (1971).



24,

25.
26,

27,

28,

29,
30,
31,
32,

U

a, For a brief review of the structural determination of shionone
see ref, 18c,

b, T. Tsuyuki, T, Hoshino, M, Ito and T. Takahashi, Bull, Soc, Chim,,
2895 (1968); and refs, therein,

c. T. Takahashi, T. Tsuyuki, T. Hoshino and M. Ito, Tetrahedron Lett,,

2997 (1967): and refs, therein,

d, Y, Tanahashi, Y, Moriyama, T, Takahashi, F, Patil and G, Ourisson,
Bull, Soc, Chim,, 2374 (1966).

e, T. Tsuyuki, R. Aoyagi, S. Yamada, and T. Takahashi, Tetrahedron
Lett,, 5263 (1968).

f, J. W, ApSimon, P. Baker, J. Buccini, J. W, Hooper, and S. Macaulay,

Can, J. Chem,,'ég, 1944 (1972).

R, E, Ireland and J, W. Tilley, unpublished results,

M, F. Semmelhack, Organic Reactions, 19, 147 (1972).

G, H. Douglas, J. M. H., Graves, D, Hartley, G. A. Hughes, B, J. Mc
Loughlin, J. Siddall and H, Smith, J. Chem, Soc., 5072 (1963).

W, Nagata and H, Itazaki, Chem, Ind,, 1194 (1964); Chem, Abstr,,
ﬁg, 15454%e (1966),

R, J. Czarny, M. S. Thesis, CIT (1972) p, 23-24 and 59-61,

W, Nagata and Y, Hayase, J, Chem, Soc, (C), 460 (1969),

K. E, Harding, Biorganic Chen, , 2, 248 (1973).

a, D. Felix, R, K, Muller, U, Horn, R. Joos, J. Schreiber and
A, Eschenmoser, Helv, Chim, Acta, 55, 1276 (1972).
oy

b, D, Felix, J, Schreiber, G, Ohloff and A, Eschenmoser, Helv, Chim,
Acta, 54, 2896 (1971).

c, J. Schreiber, D, Felix, A, Eschenmoser, M., Winter, F, Gautschi,
K. H, Schulte-Elte, E, Sundt, G, Ohloff, J. Kalvoda, H. Kaufmann,
P, Wieland and G, Anner, Helv, Chim, Acta, 50, 2101 (1967),

o~

d, M. Tanabe, D, F, Crowe, R, L. Dehn and G, Detre, Tetrahedron
Lett., 3739 (1967). B

?, M.)Tanabe, D, F. Crowe and R, L, Dehn, Tetrahedron Lett,, 3943
1967).




33.
BLPI

35.
36.

37.

38,
39'

I,

L2,
43,

bs,
46,

47,

490

145

P. E, Peterson and R, J. Kamat, J, Am, Chem, Soc., 91, 4521 (1969).

W, S. Johnson, M. B, Gravestock, R, J. Parry, R. F., Myers

T. A,
Bryson and D, H, Miles, J. Am, Chem, Soc,, 93, 4330 (19715

P, T, Lansbury and G, E, DuBois, Chem, Commun,, 1107 (1971).

W, S. Johnson, M, B, Gravestock, R. J. Parry and D. A, Okorie,

J. Am, Chem, Soc,, gg, 8604 (1972),

a, G, W, Moersch and W, A, Neuklis, J. Chem, Soc,, 788 (1965).

b, We would like to tharnk Dr, J. Ellis for suggesting the Vilsmeir
reaction as a possibie method of intrecducing the C-2 formyl group,

R, M. Coates and J. E. Shaw, J. Org, Chem,, 35, 2597 (1970).

a, 5. C, Welch and C. P, Hagan, Synthetic Commun,, 2, 221 (1972).

b, S. C, Welch and C. P, Hagan, Synthetic Commn,, 3, 29 (1973).

H., H, Inhoffen, Angew, Chenm,, 725 875 (1960); 20, 576 (1958),

a, H, 0, House, "Modern Synthetic Reactlions", Second Edition, W, A,
Benjamin, Menlo Park, California (1972) p. 176,

b, K. W, Bowers, R, ¥, Griese, J. Grimshaw, H., O, House, N, H.
Kolodny, K. Kronberger and D, K. Roe, J. Am, Chem, Soc,, 92 2783

(1970).

¢, J, Fried and J. A, Edwards, "Organic Reactions in Steroid
Chemistry", Vol, 1, Van Nostrand Reinhold, New York (1972) p. 40-42,

H. O, House and T. M. Bare, J. Org., Chem,, 33, o943 (1958),

R, E., Ireland and L, N, Mander, J. Org, Chem,, 32, 689 (1967).

J. P, H, Verheyden and J, G, Moffatt, J. Am, Chenm, Soc., 88, 5684
(1966), 86, 2094 (1964),

I, Ojima, T. Kogure and Y. Nagai, Tetrahedron Lett., 5035 (1972).

A, A, Bothner-By, C, Naar-Colin and H, Gunther, J. Am, Chem, Soc,,
84 2748 (1962).

R. E. Ireland and D. M, Walba, unpublished results,
R, E, Ireland and A, Hagenbach, unpublished results,

H. O. House and B, M. Trost, J. Org, Chem., 30, 2502 (1965).




50,
51,
52.

53.
.

55,

57,

146

H. E. Simmons and R. D, Smith, J, Am, Chem, Soc., 81, 4256 (1959),

B, Rao and L, Weiler, Tetrahedron Lett,, 927 (1971),

a, G, L. Hodgson, D, F, MacSweeney, R. W. Mills and T. Money, Chen,
Commun, , 235 (1973).

b, E, J. Corey, S, W, Chow and R. A, Scherrer, J. Am, Chenm, Soc,,
79, 5773 (1957); E. J. Corey and M, F. Semmelhack, J. Am, Chenm,
Soc. s 89, 2755 (1967).

c, T. W, Gibson and W. F, Erman, J, Am, Chem, Soc., 91, 4771 (1969).

d, S, Y, Kamat, K, K, Chakravarti and S, C, Bhattacharyya, Tetrahedron,
23, 4487 (1967), T

A, Cohen, J. Chem, Soc.,, 429 (1935),

%. C.)Collins, W, W, Hess and F, J, Frank, Tetrahedron Lett,, 3363
1968),

Preparative thin layer chromatography (ptlc) was performed on com-
mercial 20cm X 20cm plates (unless other dimensions are specified)
coated with a 2 mm layer of silica gel ¥-254, as manufactured by

E, Merck, Darmstadt, Germany, Analytical thin layer chromatography
(tlc) was performed on commercial 5 X 10cm plates coated with a
thin layer of silica gel F-254, supplied by Brinkman Instruments
Inc, Westburg, N.Y.

P, Bladon, J. M, Fabian, H. B, Henbest, H. P, Koch and G, W, Wood,
J, Chem, Soc,, 2402 (1951),

Analyses by vapor phase chromatography (vpe) were carried out on
an F & M lModel 810 gas chromatograph or on a Hewlett Packard Model
5750 gas chromatograph, Both machines were equipped with 6ft X 1/8
in columns packed with 3% silicon gum rubber (SE 30) on Chromosorb
Q (NAW), 60-80 mesh, and the carrier gas (helium) was maintained
at 60 ml/min through each column,

S. R, Landauer and H, N, Rydon, J. Chem, Soc,, 2224 (1953),

¢. S. L. Baker, P. D, Landor, S, R, Landor and A. N, Patel, J. Chen,
Soc,, 4348 (1965),

G. Wittig and D. Wittenberg, Ann,, 606, 1 (1957).



147

PART II
CONVERSION OF ESTRONE TO ANDROST-4-EN-3-ONE:
A NEW METHOD FOR ACTIVATING THE C.9 AND C-10

POSITIONS OF ESTROGENIC STEROIDS FOR SUBSTITUTION
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Introduction

One of the greatest difficulties in syntheslzing complex organic
molecules such as steroids and triterpenes is efficiently constructing
the basic carbon skeleton (1), Logistically this task is best approached
by Jjolning large fragmenis which contain as many essential carbons as
possible, These pleces must be suitably functionalized to allow later
elaboration into final product, but must also be stable to a variety of
reaction conditions, Readily available aromatic compounds often prove
ideal for such purposes, and have therefore seen frequent use as an
excellent source of annular carbons in synthesis (2),

Much of the value of these aromatic fragments is due to theilr sus-
ceptibility to partial reduction by metal-ammonia systems (3), The
most useful and frequently encountered aromatic intermediates are of

the same type as the O-alkylated A ring (1) of estrogen, These can be

R
Ro@ | Rom om oﬁm
A -3 2 .2

reduced in good yleld to dihydro compounds gg), which can be hydrolyzed
in mild acid to give B, ¥ -unsaturated ketones Ez), or in strong acid
to give conjugated enones (’Li, R=H) (4, %a, 6a), The o¢,@ -unsaturated
products have been by far the most frequently used intermediates in

such schemes, for many good synthetic methods are known which employ



149

this grouping (7).

In many instances, however, it would be desirable to arrive at an
unsaturated intermediate in which the ring fusion ¥ to the carbonyl
group had been stereospecifically substituted with an appropriate alkyl
group (e.g.‘&! R=alkyl), For example, the androgenic steroid testoster-
one g;p, the triterpene eycloartenol gé) and the antibiotic fusidic acid

(7) a1 possess alkyl substitution at the ten position, In order to

benefit from the possible utility of employing aromatic A ring precursors
for the synthesis of those molecules, it must be shown that substitution
at C-10 can effectively be introduced starting from the aromatic ring,

That no general method exists for accomplishing this transformation
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becomes evident in considering the highly explored field of steroid to-
tal synthesis, The highest yleld, most straightforward synthetic routes
are those to estrogenic compounds which utilize aromatic precursors for
the aromatic A ring (8), These same routes modified by Birch reductions
are used as well to generate 19-norsteroids in good ylelds (8). When
10-alkyl steroids are synthesized, however, intermediates bearing the
aromatic A ring are seldom employed; and instead entirely different
approaches are devised to provide for introduction of the C-10 substi-
tuent (8), Those few routes which do alkylate C-10 starting from an
aromatic A ring (9) are very specific and hardly applicable as general
solutions to the problem,

Thus it has been the purpose of this research to develop a some-
what general method for substituting the C-10 position of aromatic A

ring type precursors for steroid and triterpene synthesis,
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Discussion

In seeking a method of substituting the C-10 position of arcmatic
A ring type steroid and triterpene precursors, it was most helpful to
consider the best methods by which the C~10 position has already been
substituted from non aromatic intermediates, Many syntheses of 19-methyl
sterolds proceed through intermediates such as enone}é, with B=methyl
or R= some protected 3-oxybutyl side chain (8). In developing one of
the best of these synthesis, Stork and McMurry (10) have transformed

enone ga stereospecifically into the methylated ketone 9, via lithium/
o

ammonia reduction of|§&, followed by methyl iocdide alkylation of the

CHs

(CHy

a) R=CH

" s n=2, £=0H

]
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intermediate enolate anion, Hydrolysils of the ketal function of ketone
ﬂg'and subsequent cyclization then led to D-homotestosterone Qig).

Since of,P -unsaturated ketones are subject to 1,4-2dditions, dis-
solving metal reductions, alkylations, and comblnatlons of these reac-
tions (7), then either the & or B or both positions of Stork's inter-
mediate'gé could in principle be substituted before closing the A ring,
If such an intermediate could readlly be arrived at from an aromatic A
ring, then the overall transformation from aromatic to C-10 (and possi-
bly C-9) substituted enone would encompass exactly the conversion we
seek to effect (e,g. 1 to 4, R=alkyl),

A

From the Birch reductlon products of aromatic intermediates such

aslzi, one can envisage several ways to effect suitable cleavage to

enone intermediates of typeligb An interest in the Eschenmoser cleavage

NG OATRNQ @GR

0 CH,
1] 12
P F e
reactlon of o« ,P -epoxyketones (11), as possibly being synthetically
useful in this as well as other applications, prompted the design of a
scheme speclfically incorporating this reaction; thus, we hoped to
learn something of the generaliiy of the cleavage reaction, as well as

to effect the desired change in an aromatic system,

The Eschenmoser cleavage reaction is performed on e(,P ~epoxyketones
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by either of two principal methods, Epoxyketone 13 for example can be
P
converted to the p-toluenesulfonylhydrazone ’1_5— or the strained aziridine

hydrazone 15, The former compound undergoes mild acid catalyzed cleavage
P

CH,
OR
S N 0

CH; Ts 14

s CH';
0
f o I
e L s
nl¢ ‘5

to the acetylenic ketone 1§ (R=Ac) in 83% yield (from epoxyketone Q)
(11b), while the latter affords the same product in 87% yield on heating
(11a), Acetylenic ketones such as }é’ are thus avallable in good yields
by means of this reaction, which has been applied to a variety of other
systems as well (11c), It has also been demonstrated that acetylene
'13 (R=H) can be hydrated using mercuric ion catalysis to the 3-ketoseco-

steroid 17, and this can be cyclized to testosterone (5) (114d),
P o d

CH3 OH

Ci; OH
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The transformation of epoxyketone }2 to the 3-ketosecostercid '}z
would have great bearing on the problem at hand if the Eschenmoser
cleavage reaction could be induced to occur in a compound such as }E.
If it could, then the acetylenic product ‘1:2 could be hydrated and se-
lectively ketalized to give the desired unsaturated ketone }3, which

corresponds directly to Stork's intermediate §f;‘ Thus it was decided

R(H) R (H)

v

0 g I° 19

~ PN

to attempt the synthesis of an epoxyketone such as }ﬁ from an aromatic
intermediate such as AI:; and determine if it could indeed be cleaved
to an acetylenic ketone (}2) and then converted to the desired enone
ketal E.

The actual system chosen for initial study of this transformation
was estradiol, and the proposed route for its conversion to an inter-
mediate such as enone 12 1is outlined in Chart A, Estradiol (;w) was
selectively methylated on the phenolic oxygen to afford ether ‘é;g. The
aromatic ring was then reduced with lithium in ammonia and the resulting
enol ether was hydrolyzed under mildly acidic conditions, all according
to a modification of the procedure of Wilds and Nelson (4), The p,z-
unsaturated ketone A-3 thus obtained was converted to the dienone M

by treatment with pyridinium hydrobromide perbromide (12), and it was

planned to effect epoxidation of thls dienone with basle peroxide to



(CH,), S04

o
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K2(03, acetone CHy0 (Co H),, H.0,
)
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CH; QH CHJ OH
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-
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give the Eschenmoser reaction substrate ﬁ:é,

Unfortunately this last step could not be made to yleld the desired
product, Epoxidation was performed using elther sodium hydroxide or
potassium carbonate as base, and the disappearance of starting material
was followed by the decrease in the ultraviolet absorption maximum at
304 mu of diluted aliquots from the reaction mixture, Under conditions
which effect complete epoxidation of o3 -unsaturated ketones within a
few hours (13), the dienone ﬁ;& was not completely consumed until nearly
twenty-four hours; this is understandable as the second double bond
should render the P positlon less electrophilic, Unfortunately, ol p -
epoxyketones are known to be unstable to prolonged treatment with base
or basic peroxide (14), and to yield a variety of cleavage/oxidation
products, Apparently the rate of epoxidation of }:& was slower than

the rate of these secondary reactions; none of the epoxide A-5 could

A-
Ca o d
be isolated from the reaction mixture which yielded mostly complex
mixtures of base soluble products, This is in accord with a recent
observation in the literature (15) about the similar epoxide EP_.' which

yields the diosphenolzl._ and cleavage product .2.%. on treatment with base,

CHs ) e, ety
c“: Cﬂ; L
0 . HO,C  Cho
2l | 22

Considering the retarding effect of the 9(10) double bond on epoxi-
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dation of the A ring enone, it was decided to mask this olefin during
epoxidation; but in such a way that it could be easily regenerated
after the epoxide was formed (or even after the Eschenmoser cleavage
reaction), A C-10 alcohol function appeared suitable for this purpose,
and it had been shown that this group could be easily introduced to the
enone'ﬁzg by either of two methods, As outlined in Chart B, Djerassi
and co-workers (16) had demonstrated that peracid epoxidation of the
5(10) double bond of enone_ﬁ;g proceeded to give epoxyketonelgzl. Base
induced opening of this epoxide then afforded the enoneigzg, bearing the
desired C-10 alcohol, Shapiro and co-workers (17) had also synthesized
the alcohol‘E:Q: they did so by reduction of the intermediate hydro-
peroxidepg;g, which they had obtained as the principal product from
photosensitized oxidation of the enone ﬁzg. Presumably enone B-3 should
be subject to epoxidation in baslic hydrogen peroxide since the‘d? olefin
is no longer part of an extended dienone system; thus epoxy-alcohol
B-4 seemed easily attainable,

An interesting patent report by Legatt and Shapiro (18) had even
described the conversion of hydroperoxide B-2 directly to the desired
epoxide B-% by treatment with dilute methanolic sodium hydroxide solu-
tion, This ingenious procedure presumably utilizes the hydroperoxide
function present in the molecule B-2 itself to effect epoxidation
(possibly intramolecularly) of the double bond, Although no yleld was
reported, this sequence seemed most intriguing, and it was decided to
employ a photooxygenation route to introduce the C-10 alcohol function,

Rather than deal with the problems of protecting the C-17 alcohol for
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the subsequent dehydration step (i,e, B-l4-+B-5 or E:é—"}é:ﬁ), we chose
to employ the 17-deoxy series for this study,

Estrone (9;1) was thus subjected to Wolff-Kishner reduction fol-
lowed by methylation of the phenolic oxygen to give ether C-2 in 95%
yield after crystallization, Reduction of the aromatic ring with 1lith-
ium in ammonia, and mild aclid hydrolysis of the resulting enol ether
afforded the p s ¥ ~unsaturated ketone E:j. Rose Bengal sensitized
photooxygenation (19) of this enone proceeded quite rapidly and there
was obtained a 44% yield of the 10 B-hydroperoxide ‘9\;__14-'_0 after crystal-
lizatlion, The stereochemical assignment is made by analogy with the
previously discussed photooxygenation of enone ’{L:_:}. This material
proved extremely insoluble, however, and was difficult to work with
and purify; for this reason it was not usually isolated, but instead
the crude hydroperoxide mixture E&lﬁl was employed directly for most re-
actions,

Sodium iodide reduction (20) of the crude hydroperoxide mixture
C-lia afforded a 7:1 mixture of the B -alcohol C-6 and the o¢-alcohol
C-8 in 63% overall yield from enone C-3, Betier results were obtained
reducing the hydroperoxide mixture with diphenylphosphine, in which
case the desired alcohol 'C:é was obtained itself in 64% yleld, Also
obtained from this second reduction was 9% of what appears to be the
A ring phenol E:Z. This material does not seem to be present to such
an extent in the crude hydroperoxide mixture 9\-_’-+‘a, and thus probably
forms by elimination in some of the hydroperoxide during the reduction

step.
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Chart C

NaHy , KOH
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Li, NH,, C.HOR
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CHs
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C-4 b) C-iop
N
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Treatment of the enone‘g;é,with basic hydrogen peroxide afforded
a 94% yield of the desired epoxyketone C-53 the overall yield of the
epoxide E:é from enone'E;g was thus 60% via the alcohol E;é.

Direct conversion of crude hydroperoxide mixture §:~g to epoxide
E;é was attempted next using the basic conditions of Legatt and Shapiro
(18). Simply stirring the hydroperoxide mixture C-4a in methanolic
sodium hydroxide did indeed afford epoxyketone‘s:é, but the yleld after
purification was a rather disappointing 32% (from enone.E;}). The
cause of this low yleld was investigated by performing the same rear-
rangement on crystalline hydroperoxide‘g;ﬁp. In this case a &4% yield
(from hydroperoxide 9;&2) of epoxyketone_g;é was obtained, and the ma-
jor side product was found to be the alcohol-E;é. Since this alcohol
is subject to epoxidation by basic hydrogen peroxide, it seemed wise to
treat the crude base rearrangement product from hydroperoxide'g;& with
basic hydrogen peroxide prior to isoclation of the epoxyketoneig:é.
This was done by treating crude hydroperoxide mixture 9;&3 with meth-
anolic sodium hydroxide for 30 min, and then by adding hydrogen peroxide
to this mixture and stirring for another 30 min, The yield of epoxy-
ketone‘g:é was 49% (from enoneﬂE;Q) in this case, considerably improved

from the 32% yield obtained without hydrogen peroxide treatment, Phenol

C-7 was also isolated as a side product (12% yield) in this reaction;
it has probably been present to some extent in all of the reactions
involving hydroperoxide g;&, but has not always been isolated,

Several brief attempts at dehydration of the alcohol E;é, in an
effort to generate the olefin'E;}, resulted in complex product mixtures

this olefinic epoxide seemed a most difficult species to obtailn, Since
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it appeared reasonable that the alcohol function might not interfere
with the Eschenmoser reaction, it was decided to attempt cleavage with
the 1op-hydroxy group in place, Thusv epoxyketone E:é was treated
with p-toluenesulfonylhydrazine in 1:1 acetic acid-methylene chloride
at -18° and later warmed to room temperature (11b, ¢), Spectra of the
crude product, taken immediately after the reaction work-up, indicated
nearly pure acetylenic hydroxyketone ’13:3; on standing overnight, how-
ever, this product underwent significant decomposition,

Since generation of the Ag-olefin was called for anyway, immedi-
ate dehydration of the crude cleavage product was attempted, Epoxy-
ketone E;é was cleaved and the resulting crude alcohol D-2 was treated
within an hour of its isolation with thionyl chloride in pyridine,
Enone 2:2, obtained from this reaction in 71% yield (from epoxyketone
9:;2) after chromatography, contained a small amount of the phenol C-7
(~5%); none of the exocyclic olefin isomer was observable in the nmr,

The enone‘gsg had only to be converted to the ketal_E:é and this
transformation proceeded quite smoothly, Hydration of the acetylenic
side chain of enonek} with mercuric sulfate in acidic aqueous methanol
(21) afforded the diketone D-4 in 64% yield after purification (free
of the slight phenolic impurity present in the starting enone), Se-
lective ketalization of the saturated ketone proceeded quite well and
an 88% yield of the desired ketal D-5 was obtained,

In converting the aromatic ether’C;g_ to the enone ketal 'D:é we

had effected the desired transformation of an aromatic A ring compound

into an intermediate of the versatile type ’1‘3, Certain establishment
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Chart D
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of the identity of enone ’1_):; was sought, however, and this was prcovided
by elaborating this intermediate into the known androstenone P;?, The
enone ’11:2 was treated with lithium in ammonia followed by ilodomethane
according to the reductive alkylation procedure of Stork and McMurry
(10), Without purification the methylated ketone});é thus obtained
was hydrolyzed to remove the ketal, and the resulting crude product
was cyclized to afford androst-4-en-3-one (P;Z) in 54% overall yield
(from enone R:é), The melting point and nmr spectrum of this material
are in agreement with those reported for enone 2:_’_7 in the literature
(22), 1In addition to the desired product a small amount (5%) of a mix-
ture was obtained which containgd ~60% of what appears to be the 10~
isomer of enone E;Z (from nmr analysis), Not enough material was ob-
tained to clearly establish this, however,

Synthesis of the u,g-unsaturated secosteroid l);é, from aromatic
A ring ether 9;3 » demonstrates a transformation which expands the po-
tential usefulness of aromatic intermediates in polycyclic systems, It
may now be possible to substitute the 9 and/or 10 positions (steroid
m.unbering) of such compounds in a variety of ways previously impossible
starting from aromatic precursors, Modifications of this scheme are
currently being investigated within the Ireland group on compounds re-

lated to fusidic acid,
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Experimental Section

A1l reactions were run under an argon atmosphere unless otherwise
noted, Melting points labeled (vac) were taken in evacuated capillaries
on a Hoover capillary melting point apparatus while all others were de-
termined on a Kofler micro hot stage melting point apparatus, All melt-
ing points and boiling points are uncorrected, Infrared spectra (ir)
were taken on a Perkin Elmer 237B grating infrared spectrometer, Nu-
clear magnetic resonance spectra (nmr) were taken on a Varian Associates
Model T-60, Ultraviolet spectra (uv) were taken on a Cary recording
spectrometer, Model 11M,

Alumina refers to grade I, neutral alumina supplied by M. Woelm,
Eschwege, Germany, made up to grade II or III as indicated by addition
of 3% or €% water with shaking and equilibration prior to use, Ordi-
nary silica gel columns used the 0,05-0,2 mm silica gel "for column
chromatography" manufactured by E, Merck, Darmstadt, Germany, High
pressure silica gel chromatography used the Silica Gel H "For TLC Acc,
To Stahl" manufactured by E, Merck, Darmstadt, Germany,

Anhydrous solvents were dried immediately prior to use, Ether,
tetrahydrofuran (THF) and dimethoxyethane (DME) were distilled from
lithium aluminum hydride; tert-butyl alcohol and pyridine were dis-
tilled from calcium hydride; hexamethylphosphoramide (HMPA) was dis-
tilled at reduced pressure from calcium hydride; ammonia was distilled
from a blue 1lithium or sodium solution; and methylene chloride and

methylene lodide were distilled from phosphorous pentoxide, Petroleum
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ether refers to the "Analyzed Reagent” grade hydrocarbon fraction, bp
30-600, which is supplied by J. T. Baker Co,, Phillipsburg, N,J. and
was not further purified,

Microanalyses were performed by Spang Microanalytical Laboratories,

Ann Arbor, lMichigan,
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ézﬂethoxy-i,3{2£}0)-estratrien-1? -0l (ﬁ;&).

A stirred mixture of 3,99 g (14,6 mmoles) of estradiol (ﬁ:i),
28,0 g (0.20 mole) of potassium carbonate and 13,5 ml (18,2 g, 0,143
mole) of dimethylsulfate in 135 ml of acetone was heated at reflux for
75 min, After cooling, the mixture was treated with 100 ml of water
and most of the acetone was evaporated under reduced pressure, This
material was extracted with three 100-ml portions of ether, and the
combined organic phases were washed with water (two 100-ml portions)
and saturated brine (100 ml) and then dried (Mgsou), After removal of
the dessicant and evaporation of the ether under reduced pressure, there
was obtained 20 g of a liquid, This material was dissolved in 100 ml
benzene and filtered through 600 g of grade III alumina with the aid of
2,51, of benzene, Evaporation of the filtrate at reduced pressure
afforded 288 mg of crude 3,1?P -dimethoxy-1,3,5(10)-estratriene as a
white powder; nmr (ch13) d 0,78 (s, C-18 H), 3.36 (s, C-17 OCHB),
3. 74 (s, C-3 GGHB), and 6,6-7,3 (m, Ar H); 1it, (23) nmr (GDCl3) S
0.80 (s, C-18 H), 3.39 (s, C-17 OCHB), and 3,76 (s, C-3 OCHB).

Following elution of the alumina after 15 hr with 2 1, of acetone
and concentration of the eluent at reduced pressure, there was obtained
4,9 g of a thick oil which on crystallization from n-hexane afforded in
two crops 3,11 g (75%) of the alcohol A-2 as fine white crystals mp 119-
120° {11t, (4) 120,5-121,5°]; 1r (arc1,) 3620 (OH), 1610, 1575, 1500
(aromatic), and 1260 — (Arocz{3); nmr (cnc13) 4 0.76 (s, 3, C-18
H)y 3.69 (m, 1, C-17 H), 3.76 (s, 3, Az OCHg), and 6,6-7.3 (m, 3, Ar H).
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17E -Hydroxy-5(10)-estren-3-one (ﬁ:g).

A modification of the procedure of Wilds and Nelson (4) was employed
for the reduction of the A ring and hydrolysls of the resulting enol
ether, A solution of 2,96 g (10,3 mmoles) of the aromatic alcohol_ﬂ:g
in 200 ml of THF was added dropwise over a 15-min period to a stirred
tlue solution of 3,5 g (0,5 g atm) of 1lithium wire in ca, L60 ml of
ammonia (distilled from the cylinder through potassium hydroxide drying
towers). After stirring for an additional 20 min, the solution was
treated with 120 ml of ethanol over a 40-min peried, The ammonia was
then allowed to evaporate from the white suspension over the course of
16 hr, during which time the reaction mixture was protected from oxygen.
Following evaporation of about half the solvent at reduced pressure,
the remaining material was diluted with 1 1, of ether and the resulting
mixture was washed with 250 ml of water and three 250-ml portions of
saturated brine, and then dried (MgSOu). After removal of the dessicant
and concentration of the solution under reduced pressure, there was
obtained 3,1 g (quantitative) of 3-methoxy-2,5(10)-estradien-178 -ol
as a white solid; nmr (cDGlB) d 0,75 (s, C-18 H), 2,66 [% (broad),

C-1 and C-4 H], 3,55 (s, ¢~OCH3), 3.66 (m, C-17 H), and 4,65 [s (broad),
G2 H]; no & 6,6-7.3 (Ar H),

To a selution 3,1 g of the crude 1,4-dihydro compound described
above in 250 ml of methanol was added a solution of 3,8 g of oxalic acid
dihydrate in 50 ml of water, The solution was siirred for 40 min at
room temperature, and then poured onto 500 ml of saturated agqueous so-

dium bicarbonate solution, This mixture was extracted with three 300-ml
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portions of ether, and the combined organic phases were washed with
saturated aqueous sodium bicarbonate sclution (three 250-ml portions)

and saturated brine (250 ml), and then dried (MgSOu). After removal of
the dessicant and evaporation of the solvent under reduced pressure,
there was obtained 2,87 g of a white solid which upon two crystallizations
from ethyl acetate afforded 1,65 g (59%) of enone A-3 as white plates;

mp 197-198° (vac, dec) [11t. (4) 199.8-201° (vac, inserted at 180°)];

1r (CHC1,) 3610, 3470 (OH), and 1710 it { GmO)3 miw (ae1,) & 0,76
(s, 3, C-18 H), 2,44 (s, 4, C-1 and C-6 H), 2,73 (s, 2, C-4 H), and 3.70
[t (broad), 1, J = 2 Hz C-17 HJ, The mother liquors were chromatographed
on 120 g of silica gel, eluted with 1:1 ethyl acetate-benzene, Follow-
ing the first 280 ml, 120 ml of eluent was collected; concentration

of this solution at reduced pressure afforded 570 mg of material which
after crystallization from ethyl acetate gave 280 mg of enone ‘&-j. mp
196-198°% (vac, dec); the total yield of P » ¥ -unsaturated ketone A-3
was 1,93 g (68%),

17 B -Hydroxy-4,9-estradien-3-one (A-4),

A stirred solution of 1,463 g (5,34 mmoles) of the enone A-3 in
75 ml of pyridine was chilled with an ice bath and treated with 2,06 g
(6.4 mmoles) of pyridinium hydrobromide perbromide prepared according
to the procedure of Fieser (24) , After stirring with ice bath cooling
for 4 hr, the reaction mixture was kept in a 4° refrigerator for 16 hr,
The solution was then diluted with 650 ml of ether and the resulting

solution was washed with 10% aqueous sodium thiosulfate solution (250 ml),
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10% hydrochloric acid (200 ml), saturated agqueous sodium bicarbonate so-
lution (259 ml), water (250 ml) and saturated brine (250 ml), and then
dried (MgSOu), After removal of the dessicant and concentration of the
solution at reduced pressure, there was obtained 1,4 g of yellowish
solid which on crystallization from acetone and then from acetone-
methylene chloride afforded 902 mg (62%) of the dienone;&;& as white
crystals, mp 168,5-170,5° [11t, (252) 187-188°, and (25b, ¢, d) 168, 5-
169,5]; ir (CH013) 3615, 3440 (OH), 1655 ( C=0), and 1605 ot ( c=C );
nmr (CDC13) £ 0,90 (s, 3, C-18 H), 2,11 (s, 2), 2,44 (s, ca, 2), 3.67
[t (broad), 1, J = 8 Hz C-17 H], and 5.68 (s, 1, C-4 H); uv (EtOH) 304

mu (€=23,900),

Attemgted epoxidation of the dienone A-4 to A-5,

Epoxidation was attempted using a modification of the procedure of
Mancera and Reingold (13). To a stirred and ice cooled solution of 97.5
mg (0,357 mmole) of the dienone‘ﬁ:& in 2,5 ml of methanol was added 0,5
ml of 30% aqueous hydrogen peroxide solution and 0,15 ml of 10% aqueous
sodium hydroxide solution, Stirring and ccoling of this mixture were
continued, and at various times measured aliquots were withdrawn and
diluted to an exact volume with ethanol, The 304 T uv absorbance of
these diluted aliquots was measured to determine the remaining concen-
tration of dienone.ﬁ;g in the reaction mixture, After 9 hr the absorb-
ance had only decreased to half of its initial value, so additicnal
30% aqueous hydrogen peroxide solution (0,25 ml) and 10% aqueous sodium

hydroxide solutlon (75ul) were added, The reaction mixture was then
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stored in a 4° refrigerator for 15 hr, after which the 304 mu absorbance
of the diluted aliquot measured 23% of the initial value, At this point
the reaction mixture was diluted with 200 ml of ethyl acetate and the
resulting solution was washed with two 500-ml portions of water and 500
ml of saturated brine, and then dried (Mgsou). After removal of the
drying agent and evaporation of the solvent at reduced pressure, there
was obtained 37 mg of a yellow solid which had the same principal peaks
in its ir and nmr spectra that characterize the starting dienone;&;&.
After acidification with 10% hydrochloric acid, the aqueous phases were
extracted with two 100-ml portions of methylene chloride, and these ex-
tracts were combined and dried (MgSOu). After removal of the drying
agent and evaporation of the solvent at reduced pressure, 21 mg of a
yellow oil was obtained, This oil streaked badly on tlc (26) (acetone,
single development); vpc (27) (oven temperature 300°) showed one prin-
cipal peak (ret, time 2,9 min) comprising ca, 60% of the eluted materialj;
ir (cnc13) 3610, 3550-3000 (acid OH), 1710 ( C=0), 1655 ( C=0), and 1600
— (C=C ); nmr (CDClB) showed nothing between & 6,6-7,4 (no A ring
Ar H).

A similar experiment was performed on 81 mg of dienone;&:ﬁ in 1.0
ml of methanol at room temperature, but 25 mg of potassium carbonate
was used as base and five 0,1 ml portions of 30% aqueous hydrogen per-
oxide were added to the solution during the 69 hr it stirred, As in
the experiment described above, this reaction afforded after work-up a
small return of starting material from the neutral extracts and a mix-

ture of base soluble components (no phenols) from the aqueous washes,
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3-Methoxyestra-1,3,5(10)-triene (E;g).

A modification of the procedure of K, J, Sax and co-workers was
employed (28), A stirred mixture of 5,0 g (18,4 mmoles) of estrone
(C-1), 35 g of 85% potassium hydroxide pellets and 25 ml of 85% hydra-
zine hydrate in 250 ml of diethylene glycol was heated at reflux for
1 hr with an internal temperature of ca, 1420. With the aid of an argon
stream passing through the reaction vessel, moisture and excess hydrazine
were then distilled from this mixture over ca, a 45-min period until
the internal temperature reached 200°, After continued gentle reflux
at 200o for 3 hr the solutlon was cooled, diluted with 500 ml of water
and then poured onto a mixture of 400 ml of concentrated hydrochloric
acid and 600 ml of ice and water, The resulting mixture was extracted
with ether (four 800-ml portions) and the combined organic phases were
washed with water (six 800-ml portions) and brine (800 ml) and then
dried (Nazsou), After removal of the dessicant and evaporation of the
solvent at reduced pressure there was obtained 4,79 g (quantitative)
of crude 3-hydroxyestra-1,3,5(10)-triene QE:Z) as a white solid; ir
(cnc13) 3595, 3420 (OH), 1610, 1585, 1500 (aromatic), 1380 (CHB) and
1175 e} (ArOH); nmr (ee1,) & 0.72 (s, 3, C-18 K), 5.3 [ (broad),
1, AxO H), and 6,5-7.3 (m, 3, Ar H),

To a stirred solution of 4,79 g (18,4 mmoles) of the crude 3-hydroxy-
estra-1,3,5(10)-triene (C-7) described above in 95 ml of dioxane were
added 65 ml of water, a solution of 1,9 g (29 mmoles) of 85% potassium
hydroxide in 9 ml of water, and 2,5 ml (3.3 g, 26 mmoles) of dimethyl

sulfate, This stirred mixture was heated with a 110° bath at gentle
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reflux for 4 hr, with the addition of another 1,9 g (29 mmoles) of 85%
potassium hydroxide and 2,5 ml (26 mmoles) of dimethyl sulfate halfway
into this period, After cocling, this mixture was then poured onto 100
g of ice and the resulting suspension was filtered; the white solid
remaining in the filter was dissolved in ca, 500 ml of ether and this
solution was dried (Nazsou), After removal of the dessicant and evap-
oration of the solvent at reduced pressure, 4,96 g of a light yellow
solid was obtained which on crystallization from methanol-methylene
chloride afforded 4,73 g (95%) of aromatic ether C-2 as white crystals,
mp 77,0-78,5° [11t, (28) mp 78-79°]; 1ir (CHC1,) 1608, 1575, 1500 (azo-
matic), 1377 (GH,) and 1255, 1152, 1040 en~? (ATOCH,); nmr (GDC1,)
0.72 (s, 3, C-18 H), 3.76 (s, 3, Ax0 CH) and 6,5-7.3 (m, 3, Ar H),

Estr-5§10!-en-3-one (9:2).

Reduction was accomplished according to a modified procedure of
Wilds and Nelson (4). Into a flask containing a stirred solution of
4,73 g (17.45 mmoles) of the aromatic ether C-2 in 400 ml of dry ether
was distilled ca, 500 ml of ammonia from the tank (through potassium
hydroxide drying towers), To this stirred solutlon was added over a
10-min period 140 cm (5,1 g, 730 mg atms) of lithium wire in small pieces,
followed by the dropwise addition over the course of 1 hr of 130 ml of
absolute ethanol, The reaction mixture was protected from oxygen while
most of the ammonia was allowed to evaporate over ca, 16 hr, and the
remaining suspension was cautiously treated with 1 1, of water, This

mixture was extracted with ether (three 900-ml portions) and the combined
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organic phases were washed with 300 ml of Claisen alkali, two 80C-ml
portions of water and 800 ml of saturated brine and then dried (NaZSOLP).
After removal of the dessicant and evaporation of the solvent at reduced
pressure, 7 g of a damp solid was obtained,

A modification of the procedure of F, Colton and co-workers (29),
was employed for hydrolysis of the reduction product described above,
A mixture of 7 g of the crude reduction product, 20 ml of water and 10
ml of acetic acid in 75 ml of methanol and 25 ml of chloroform was
heated at reflux for 1 hr, After cooling the solution was diluted with
2,4 1, of ether and the resulting solution was washed with water (800
ml). saturated aqueous sodium bicarbonate solution (two 800-ml portions),
water (800 ml) and saturated brine (800 ml), and then dried (MgSOu).
After removal of the dessicant and evaporation of the solvent at reduced
pressure, there was obtained 4,5 g of a damp product which on three crys-
tallizations from methanol-methylene chloride afforded 2,78 g (61%) of
enone C-3 as white crystals, mp 117-119°, The analytical sample obtained
from crystallization of a portion of this material again from methanol-
methylene chloride melted at 118-119,5%°; ir (GHC1,) 1710 (C=0), 1450
(-CH,-) and 1378 cm™! (CHy)s nmr (CDCL,) o 0.72 (s, 3, C-18 H), 2,4k
[s (broad), l&]and 2,72 {s (broad), 2]; 1it, (30) nmr (CDClB) d 0,72,
2,43 and 2,72 (3 singlets),

Anal, Calcd for 018H260' c, 83.673y H, 10,14, Found: C, 83,77;
H, 10,15,

10 E -Hydroperoxyestr-L4-en-3-one (C-4b),
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The photodxygenation apparatus described in the Appendix was flushed
with oxygen and a very gentle oxygen stream was circulated through the
system to prevent liquid from passing through the fritted discs, A
solution of 200 mg (0.77& mmole) of enone‘E:E in 9 ml of methyl acetate
was placed in the apparatus followed by a partial solution of 45 mg of
Rose Bengal in 1 ml of pyridine; an additional 6 ml of methyl acetate
was used to effect complete addition of the enone and sensitizer, The
system was sealed and tap water was run through the cooling jacket at
ca, 100 ml/min, The Dry Ice trap was filled and then the circulated
oxygen stream was increased to a brisk flow, With a General Electric
650 watt DNY buldb positioned in the lamp cavity at the uppermost level
of the solution, irradiation was begun by applying 75 volts to the lamp,
Oxygen uptake ceased at the theoretical amount (17 ml) after about 2 min
and illumination was stopped after 3,5 min, The oxygen stream was slowed
and the mixture was rinsed from the apparatus with the aid of 90 ml of
ether, The resulting solution was swirled with 30 ml of silica gel and
this mixture was filtered with the ald of 50 ml of ether through a short
column containing an additional 30 ml of silica gel, After evaporation
of the solvent at reduced pressure the residue was dried for 1,5 hr at
~0,05 mm pressure and 229 mg (quantitative) of crude hydroperoxide E:&g
was obtained as a pink oil; ir (CHCl3) 3525, 3260 (-0-0-H), 1665 (C=0),
1595 (C=C) and 1380 cm™t (CHy); mar (CDC1,) d 0.77 (s, C-18 H) and
5,98 [% (broad), C-4 @], Crystallization of this material from ether-
hexane afforded 100 mg (43,7%) of the hydroperoxide C-L4b as slightly

pink crystals, mp 170-172° (vac, dec), A second crystallization of a
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portion of this material afforded the analytical sample as white crystals,
mp 170-172° (vac, dec); nmr (cns)zso d o.7% (s, 3, C-18 H) and 5,88
[é (broad), 1, C-4 H]. This crystalline material was exceedingly insol-
uble in chlorofeorm, carbon tetrachloride, benzene and acetone, No ir

was obtained for this solid due to its insolubility,

Anzal, Calcd for C C, 74.454 H, 9,02, Founds C, 74, 55;

1872695
H' 9-021

10 B -Hydroxyestr-k-en-3-one (C-6) and lgzi:ﬁydroxyestr-h-en-3-one (c-8),
P et A e i R ——— P~

A, Photooxygzenation of the enone C-3,

The photooxygenation apparatus described in the Appendix was flushed
with oxygen and a very gentle oxygen stream was circulated through the
system to prevent liquid from passing through the fritted discs, A
solution of 200 mg (0,774 mmole) of enone‘gzg in 9 ml of methyl acetate
was placed in the apparatus followed by a partial solution of 45 mg of
Rose Bengal in 1 ml of pyridine; an additional 7 ml of methyl acetate
was used to effect complete addition of the enone and sensitizer, The
system was sealed and tap water was run through the cocling jacket at
ca, 100 ml/min. The Dry Ice trap was filled and then the circulated
oxygen stream was increased to a brisk flow, With a General Electric
650 watt DWY bulb positioned in the lamp cavity at the uppermost level
of the solution, irradiation was begun by applying 75 volts to the lamp,
Oxygen uptake ceased after ca, 2,5 min and illumination was stopped af-
ter 3,0 min, The oxygen stream was slowed and the mixture was rinsed

from the apparatus with the aid of 90 ml of ether, The resulting solu-
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tion was washed with 5% aqueous sodium hydroxide solution (three 25-ml
portions), 2% hydrochloric acid (25 ml), 5% aqueous sodium hydroxide
solution (25 ml) and saturated brine (two 25-ml portions), and then
dried (Mgsou). After removal of the dessicant and evaporation of the
solvent at reduced pressure, there was obtained 228 mg of the crude

hydroperoxide mixture C-4a as a pink solid,
P o

B, Reduction of the hydroperoxide mixture C-4,

1, Using sodium iodide

A modification of the procedure of Bailey and Erickson (20)
was employed for the reduction, A stirred solution of -250 of 225 mg
(ca. 0,774 mmole) of the crude hydroperoxide‘gcﬁg described above in
1.5 m1 of methanol and 1 ml of methylene chloride was treated with a
solution of 232 mg (1,55 mmoles) of sodium iodide in 1 ml of methanol,
0.5 ml of methylene chloride and 0,4 ml of acetic acid, The cooling
bath was removed and after stirring at rocm temperature for 2,3 hr the
mixture was diluted with 100 ml of ether, The resulting solution was
washed with water (25 ml), 5% aqueous sodium hydroxide solution (25 ml),
10% aqueous sodium thiosulfate solution (2X25 ml), water (25 ml) and
saturated brine (25 ml) and then dried (MgSOu). After removal of the
dessicant and evaporation of the solvent at reduced pressure, 225 mg of
a tan foam was obtained, Two crystallizations of this material from
ether-hexane afforded 50 mg (24%) of A-alcohol C-§ as faintly yellow
crystals, mp 139-141° (vac); ir (cac13) 3600, 3440 (OH), 1662 (C=0),

1625 (C=C), 1455 (-CH,-) and 1380 e (Ci,)s nmr (CDC1,) d 0.77 (s,
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3, C-18 H) and 5,74 (d (broad), 2, J = 2 Hz, C-4 H-_]; uv (CHBOH) 237 mu
(€-1.3X10u). Purification of the 175 mg of nonvolatile material remain-
ing in the mother liquors from the above crystallizations was accomplished
by ptle (26) (ether, single development). The major fraction contained
an additional 66 mg (31%) of B -alcohol C;6 as a white foam (R, 0.39);
nmr (CDC13) same as that from crystalline material above, This raised
the total yield of g -alcohol C=6 to 116 mg (55% from enone E;?). The
analytical sample was obtained as white crystals from crystallization
of a portion of the chromatographed material above from methylene-chlor-
ide-hexane, and melted at 1@0.5—1@1.50 (vac); 1ir and nmr were the same
as those of crystalline material described above,

Anal, Caled for C18H2602’ c, 78.793 H, 9,55, Founds C, 78,75;
H, 9,58,

A second fraction obtained from the above ptlc (Rf 0.21) contained
17 mg (8% from enonelgzg) of the & -alcohol Et§ as a white solid; ir
(cuclB) 3590, 3420 (OH), 1665 (C=0), 1455 (cuz) and 1380 ot (CHB);
nmr (cD013) d 0,67 (s, 3, C-18 H) and 5,80 s (broad), 1, C-4 H ,
Crystallization of this material from ether and a trace of methylene
chloride afforded the analytical sample which melted at 17?-180° (vac,
dec; 1inserted at 1700); ir and nmr were the same as those of chromato-
graphed material above,

Anal, Calcd for C18H2602' c, 78,793 H, 9,55, Founds C, 78,74;
Hy 9,44,

2, Using diphenylohosphine

In the manner described in part A above, 205 mg of crude hydro-
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peroxide C-4%a was prepared from 176 mg (0,682 mmole) of enone C-3; irra-
diation in this case, however, was continued for only 2,5 mln, A stirred
suspension at 10-15O of 205 mg of this crude hydroperoxide in 5 ml of
benzene was treated with 177 ul (190 mg, 1,02 mmoles) of diphenylphos-
phine, The suspended solid dissolved at once, and after stirring at
10--15o for 35 min the resulting solution was treated with 50 ul (~ 0,77
mmole) of 30% aqueous hydrogen peroxide solution, After 5 min, 90 ml

of ether was added and the resulting solution was washed with saturated
aqueous sodium bicarbonate solution (six 30-ml portions), 10% aqueous
sodium bisulfite solution (30 ml) and saturated brine (30 ml) and then
dried (MgSOu), After removal of the dessicant and evaporation of the
solvent at reduced pressure, 363 mg of an oil was obtained, Purifica-
tion of this material on ptlec (26) (ether, single development) afforded
120 mg (64% from enoneigzg) of the B -alcohol C-€ as a white foam (Rf
0.42); nmr (CDClB) was the same as that of A-alcohol G-6 described

in part B-1 above, A second fraction from ptlc (Rf 0,76) contained

17 mg (9%) of phenol C-7; nmr (ch13) was the same as that of the Wolff-
Kischner reduction product obtained in the preparation of aromatic ether

C-2,

P

+5 R -Epoxy-10 8 ~hydroxyestr-3-one (E;é),

A, From crude hydroperoxide C-4a with methanolic sodlum hydroxide,

Photooxygenation of 400 mg (1,54 mmoles) of enone C-3 was performed
using the same procedure described for obtaining C-4b, except that all

material amounts were doubled, and illumination was continued for 5 min,
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The entire 522 mg of crude hydroperoxide‘E;Eg obtained as an oil from
this reaction was dissolved in 10 ml of methanol, stirred at 0° and
treated with 1 ml of 5% aqueous sodium hydroxide solution, After stir-
ring with ice cooling for 6 hr this solution was diluted with 100 ml of
water and the resulting mixture was saturated with sodium chloride and
then extracted with ether (four 125-ml portions), The combined organic
extracts were washed with water (three 100-ml portions) and saturated
brine (two 100-ml portions) and then dried (NaZSOu). After removal of
the dessicant and evaporation of the solvent at reduced pressure, 421 mg
of a yellow foam was obtained, This material was purified by column
chromatography on 30 g of grade III alumina, The column was eluted with
125 m1 of 50% ether-petroleum ether and then with 25 ml of 75% ether-
petroleum ether; continued elution by this latter solvent mixture af-
forded in the next 100 ml, 144 mg (32% from enone 9;2) of the epoxyketone
E:é as white crystals, mp 124-129°, Crystallization of a portion of this
material from ether-hexane afforded the analytical sample as fine white
needles, mp 128-129,5°; 1ir (031013) 3590, 3480 (CH), 1710 ( C=0), 1450
(cH,), 1380 (CH3) and 1040, 1015, 995, 975, 950 em™t (c’-‘-"c); nmr (cD013)
d 0.76 (s, 3, C-18 H) and 3,10 (s, 1, C-4 H),

Anal, Caled for CygH, 0.1 C, 74.45; H, 9,02, Founds C, 74, 345
H, 9,07.

Another experiment was performed using the same procedure and ma-
terial amounts described abtove, except that the base catalyzed epoxida-

tion was performed at room temperatﬁre for 1 hr, The yield of epoxy-

ketone C-5 from this reaction was 31% after chromatography,
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B. From pure hydroperoxide C-4b with methanolic sodium hydroxide,

A stirred solution of 140 mg (0,476 mmole) of crystalline hydroper-
oxide E;&p in 10 ml of 111 methanol-methylene chloride was treated at
room temperature with 1 ml of 5% aqueous sodium hydroxide solution,
After stirring for 1,6 hr this mixture was diluted with 150 ml of ether
and 20 ml of methylene chloride and the resulting solution was washed
with water (two 50-ml portions) and saturated brine (50 ml) and then
dried (MgSOu). After removal of the dessicant and evaporation of the
solvent at reduced pressure 141 mg of a yellow oil was obtained, Puri-
fication of this material on ptlec (26) (30% ether-petroleum ether, sin-
gle development) afforded 90 mg (64%) of the epoxyketonelg:é as a slightly
yellow solid, Rf 0.2i; nmr (CDClB) was the same as that from material
described in part A, Only one volatlle component was present in this
material as determined by vpe (27) (oven temperature 220°, ret, time
2,2 min), and it has the same ret, time as epoxyketone E:é described
in part A above, A second fraction obtained from ptlc (Rf 0.15) con-
tained 36 mg of crude alcohollgzé.as a yellow oilj; ir and nmr of this
material show major peaks corresponding to those present in the spectra
of purified alcohol E;é described above, Analysis by vpe (27) reveals
one major component (oven temperature 2200. ret, time 2,7 min) compris-
ing about 90% of the volatile material; this component has the same
ret, time as alcohol C-6,

e

C, From crude hydroperoxide C-4a with methanolic sodium hydroxide

and hydrogen peroxide,
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The same photooxygenation procedure described in part A of the
experimental discussion of alcohols E;é and E;§ was applied to 200 mg
(0,774 mmole) of enone 2:2; all material amounts and the work-up were
the same, but irradiation of the solution was continued for 3,5 min,

The entire 219 mg of plnk-solid hydroperoxide E:&g thus obtained was
dissolved in 3,5 ml of methanol and 1,5 ml of methylene chloride, This
stirred solution was treated with 0,5 ml of 5% aqueous sodium hydroxide
solution and after 30 min with 0,6 ml of 30% hydrogen peroxide solution,
After stirring for an additional 30 min this mixture was diluted with
100 ml of ether and the resulting solution was washed with water (25 ml),
10% aqueous sodium thiosulfate solution (two 25-ml portions), water (25
ml) and saturated brine (two 25-ml portions) and then dried (Mgso,,).
After removal of the dessicant and evaporation of the solvent at reduced
pressure, 162 mg of a yellow oll was obtained, Purification of this ma-
terial on ptle (26) (30% ether-petroleum ether, single elution) afforded
111 mg (49% from enonels;g) of epoxyketone E;é as a white solid, Rf 0,213
nmr (CDCIB) was the same as that from material described in part Aj;
analysis by vpc (27) showed only one major component (A 90% of the
volatile material) having the same ret, time as epoxyketone)i:é described
in part A (oven temperature 220°, ret, time 2,2 min),

A second fraction from the above ptlc (Rf 0.29) consisted of 23 mg
(11, 5%) of phenol C-7 as a pale yellow solid; nmr (CDClB) was the same
as that of the Wolff-Kischner reduction product‘E;Z obtained in making
aromatic ether.E:g; analysis by vpe (27) showed one volatile component

having the same ret, time (oven temperature 220°, ret, time 2,7 min) as
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phenol C-7,
P~

D, From hydroxy enore C-6 using basic hydrozen peroxide,

To a stirred solution of 50 mg (0,182 mmole) of the hydroxy enone
E;é in 1,5 ml of methanol was added at room temperature 0,3 ml (EE- 2
mmoles) of 30% agueous hydrogen peroxide solution and then 0,1 ml of
10% aqueous sodium hydroxide solution, After stirring for 45 min this
mixture was diluted with 100 ml of ether and the resulting solution was
washed with water (two 25-ml portions) and saturated brine (two 50-ml
portions) and then dried (MgSOu). After removal of the dessicant and
evaporation of the solvent at reduced pressure there was obtained 50
mg (94%) of epoxyketonelg:é as white crystals, mp 126-129°; nmr (CDCIB)
was the same as that from purified material from part A3 on tlc (26)
(50% ether-petroleum ether, single development) only one spot (Rf 0,36)
was visible; analysis by vpc (27) showed only a single volatile com-

ponent (oven temperature 2200, ret, time 2,2 min),

Attempted dehydration of alcohol C-5,

To a stirred solution at -10° of 47 mg (0,16 mmole) of alcohol C-5
in 1,7 ml of dry pyridine was added 75 ul (117 mg, 1 mmole) of thionyl
chloride, After stirring at -10° for 15 min longer, the solution was
diluted with 30 ml of saturated brine and 10 ml of water, This mixture
was then extracted with ether (three 35-ml portions) and the combined
organic phases were washed with water (three 35-ml portions) and satu-

rated brine (two 35-ml portions) and then dried (Nazsou), After removal
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of the dessicant and evaporation of the solvent at reduced pressure,
there was obtained 13 mg of a brown oil; ir (CHCl3) showed two weak
bands at 1725 and 1665 en~! (saturated and unsaturated C=0), as well as
bends at 3595, 3250-3540 cm™' (OH, acid?); otherwise peaks were broad
and ill-defined: nmr (CDCIB) showed no singlet at ca, J_ 3.1 (C-4 H of
4,5-epoxide), The combined aqueous phases described above were extracted
with methylene chloride (three 50-ml portions) and the combined organic
extracts were washed with 50 ml of water and two 50-ml portions of brine
and then dried (Na2804). After removal of the dessicant and evaporation
of the solvent at reduced pressure, there was obtained 28 mg of a brown
o113 ir (CHC1,) showed only a small peak at 1725 em™! (saturated C=0)
with almost none at 1665 cm'1 (unsaturated C=0), and otherwise was
comprised of broad, ill-defined absorptions; nmr (CDC13) showed no
singlet at ca, S 3.1 (C-4 H of 4,5-epoxide) and consisted mostly of
broad unintelligible peaks, On tlc (26) the products from both the
ethereal and the methylene chloride extracts streaked badly from the

origin to Ry 42 (50% ether-petroleum ether, single development),

-Hydroxy-4, 5-seco-3-estryn-5-one (D-2),

The general procedure of Eschenmoser and co-workers (11b, c) was
adapted to epoxyketonelg;é. A dry mixture at -20° of 4,3 mg (0,187
mmole) of epoxyketone E:éband 37,3 mg (0,200 mmole) of p-toluenesulfonyl-
hydrazine was treated with 1 ml of a -20° mixture of 111 acetic acid-

methylene chloride, This mixture was stirred between -20° and -10° for

30 min, at 0° for 30 min, and at room temperature for 6 hr; a yellow
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color developed in the solution during the first hour at room tempera-
ture and remained throughout the remainder of the reaction, The solu-
tion was then poured onto 35 ml of water and the resulting mixture was
extracted with ether (three 35-ml portions), The combined organic
Phases were washed with saturated aqueous sodium bicarbonate solution
(two 35-ml portions) and saturated brine (two 35-ml portions) and then
dried (NaZSO&), After removal of the dessicant and evaporation of the
solvent at reduced pressure, 57 mg of a yellow oil was obtained, Puri-
fication of this oil the following day on ptlc (26) (10X20 cm plate,
50% ether-petroleum ether, single development) afforded 25 mg (49%) of
acetylenic ketone D-2 as a yellow oll; ir (CHC13, within 1 hr of iso-
lation) 3590, 3410 (OH), 3300 (acetylenic C-H), 2120 (CzC), 1710 (C=0),
1455 (CH2) and 1380 en~t (CHBJ; nmr (CD013, within 1 hr of isolation)
d 0,76 (s, C-18 H), On the following day examination of this material
on tle (26) (50% ether-petroleum ether, single development) revealed

a large spot with Rf 0.40, and an equally large streak from the origin
to Rf 0,20, Attempts to crystallize this oil from ether-hexane met with
no successj reexamination of the product on tle (same conditions des-
cribed above) six days after isolation by ptlc revealed only a small
0,22,

spot at R_ 0,40 but a very large streak from the origin to R

£ T

Spectra were taken of the six day old materlal; Iir (CHCIB) 3510, 3400-
3000 (acid OH?), 3300 (acetylenic C-H), 2120 (CzC), 1710 (broad, C=0),
and rather broad peaks below 1400 cm'1; nmr (GDClj) still showed 0,76
(s, C-18 H), but numerous peaks in the methylene region 4 1,0-3.0

were different than in the nmr of this material within 1 hr after isola-
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tion, Since the initially obtalned alcohol D-2 appears to be unstable

on standing at room itemperature, no combustion analysis was obtained,

4,5.5eco-9-estren-3-yn-5-one (D-3),
I e e e e e bt . ottt

A, Eschenmoser cleavage of eroxyketone C-5,

The general procedure of Eschenmoser and co-workers (11%, ¢) was
adapted to epoxyketone C-5, A dry mixture at -15° of 144 mg (0,495
mmole) of epoxyketone‘gzé and 98 mg (0,525 mmole) of p-toluenesulfonyl-
hydrazine was treated with stirring with 3,1 ml of a -15o mixture of 1:1
acetic acid-methylene chloride, The mixture was stirred between —150
and -10° for 1 hr, at 0° for 30 min, and at room temperature for 5 hr,
and was then diluted with 150 ml1 of ether, The resulting solution was
washed with water (50 ml), saturated aqueous sodium bicarbonate solution
(three 50-ml portions) and saturated brine (two 50-ml portions) and then
dried (Mgsou). After removal of the dessicant and evaporation of the
solvent at reduced pressure, there was obtained 146 mg of crude acetyl-
enic hydroxyketone 2:3 as a yellow oll, Due to the unstable nature of

thls material it was used within ca, 1 hr in the next step,

B, Dehydration of acetylenic hydroxyketone D-2,

To a stirred -10° solution of 146 mg of freshly prepared crude hy-
droxyketone D-2 in 5,3 ml of pyridine was added 0,32 ml (540 mz, 4.5
mmoles) of thionyl chloride (distilled from triethylphosphite), After
stirring for 15 min longer between -10° and -5°, this mixture was diluted

with 150 ml of ether, The resulting solution was washed with 5% hydro-
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chloric acid (two 50-ml portions), water (50 ml), saturated aqueous
sodium bicarbonate solution (50 ml) and saturated brine (two 50-ml por-
tions) and then driled (MgSOu). After removal of the dessicant and evap-
oration of the solvent at reduced pressure 136 mg of a brown oil was
obtained, Purification of this material on ptle (26) (40% ether-petro-
leum ether, single development) afforded 90 mg (71% from epoxyketone
E;é) of the acetylenic enone D-3 as a slightly brown oil; ir (CHClB)
3300 (acetylenic C-H), 2120 (CzC), 1660 ( C=0), 1600 (C=C), 1455 (..cnz_),
and 1385 <:m_1 (CHB); nmr (CDClB) & 0,89 (s, C-18 H), no peaks between
5,0-6,5 CC-l H of A 1(10) olefin], with very small peaks at 0,73 and
6,6-8,0 (possibly a trace of phenol‘E:Z). This slightly impure material
was used in future experiments, The analytical sample was obtained by
evaporative distillation of a portion of this material at 140-1500 (0.3
mm); ir and nmr were the same as those described above except for the
absence of the small impurity peaks in the nmr,

Anal, Calecd for C 403 C, 84,323 H, 9,44, Founds C, 84,27;

182
H. 9.1‘}1"0

4,5.5eco0~-9-estren-3, 5-dlone (P;il—) .

To a stirred solution of 100 mg (0C,364 mmole) of acetylenic enone
D-3 in 5 ml of methanol was added 0,5 ml of a 10% aqueous sulfuric acid
solution saturated with mercuric sulfate, A yellow white precipitate
formed immediately after this addition and remained as the mixture was
stirred at room temperature for 1,25 hr, This suspension was then di-

Juted with 150 ml of ether and the resulting mixture was washed with
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saturated brine (50 ml), saturated aqueous sodium bicarbonate solution
(two 50-ml portions) and saturated brine (50 ml) and then dried (MgSOQ);
some difficulty was had with emulsions during these washes, After re-
moval of the dessicant and evaporation of the solvent at reduced pres-
sure, 89 mg of a slightly yellow oil was obtained, Purification of
this material on ptlc (26) (60% ether-petroleum ether, single develop-
ment) afforded 67 mg (63%) of the enedione C-4 as a slightly yellow oil
suitable for analysis; ir (CHClB) 1710 (saturated C=0), 1660 (unsatur-
ated C=0), 1600 (C=C), and 1455 cm™> (-CHy-)s nmr (CDCL,) d 0.88 (s,
3, C-18 H) and 2,14 (5, 3, -C(0) o).

Anal, Calecd for c18H2602' c, 78,79; H, 9,55, Found: C, 78,74;

Hl 9- 66-

4,5-Seco-9-estren-3,5-dione 3-ethylene acetal (2:2).

A stirred mixture of 59 mg (0,215 mmole) of enedione D-4, 5 mg of
Pp-toluenesulfonic acid and 1 ml of ethylene glycol in 12 ml of benzene
was heated at reflux through a Dean Stark water separator with Drierite
in the collecting tube, After stirring at reflux for 50 min the mixture
was cooled and diluted with 60 ml of ether, The resulting solution was
washed with saturated aqueous sodium bicarbonate solution (two 30-ml
portions) and water (five 50-ml portions) and then dried (MgSOu). After
removal of the dessicant and evaporation of the solvent at reduced pres-
sure, 68 mg of a yellow oll was obtained, Purification of this material
on ptlc (26) (10X20 cm plate, 60% ether-petroleum ether, single elution)

afforded 60 mg (88%) of the enone ketal D-5 as a clear oil suitable for
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analysis; ir (CHCl3) 1655 (C=0), 1600 (C=C), 1380 (CHB) and 1055 en1

(acetal C-0); nmr (CDClj) d 0.88 (s, 3, C-18 H), 1.36 (s, 3, C-4 H)
and 3,97 [s, &, -0(CK,),0-].

Anal, Caled for CpoH,0041 C, 75,43; H, 9,50, Founds C, 75,53;
H, 9,32,

Androst-4-en-3-one (D-7),
T e e Nl P i,

A, Reductive methylation of enone D-5,

A modification of the procedure of Stork and McMurry (10) was
employed in this step, A solution of 2 mm (7 mg, 1 mmole) of lithium
wire in ~12 ml of dry ammonia and 2 ml of dry ether was prepared, To
this stirred blue solution at reflux was added dropwise over a 2-min
period a solution of 66,6 mg (0,205 mmole) of enonej%:é and 3,76 ul
(0,209 mmole) of water in 4 ml of dry ether, Afier stirring for 20 min
longer, the blue solution was quenched with a solution of 0,15 ml (0,34
gy 2.4 mmoles) of iodomethane in 1 ml of dry ether, The blue color
faded immediately and stirring was continued for 1 hr longer, Most of
the ammonia was then evaporated over a2 10-min period with the aid of a
hot air gun, This suspension was diluted with 100 ml of ether and the
resulting mixture was washed with water (three 30-ml portions) and satu-
rated brine (two 30-ml portions) and then dried (MgSOa), After removal
of the dessicant and evaporation of the solvent at reduced pressure,
there was obtained 72 mg of crude methylated ketone‘E;é as a cloudy oil;
ir (CH013) 1700 ( C=0), 1455 (-CHZ-) and 1380 cnm™ (CH3)3 nmr (cnc13)

d 0,76 (s, ~3, C-18 H), 1.10 (s, ~3, C-19 H), 1.35 (s, ~3, C-4 H)
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and 3.89 (s, ~%, -o(CHZ)zol], as well as a large singlet at 0,07 (sil-
icon grease impurity), This material was used directly in the next

step without purification,

B, Hydrolysis of the ketal D-6 and subsequent cyclization to andro-

stenone D-7,

A solution of 72 mg of crude ketal D-6 and 0,56 ml of 10% hydro-
chloric acid in 1,4 ml of acetone was stirred for 20 min at room temp-
erature, The mixture was diluted with 100 ml of ether and the resulting
solution was washed with water (25 ml), saturated aqueous sodium bicar-
bonate solution (25 ml) and saturated brine (25 ml) and then dried
(MgSOh), After removal of the dessicant and evaporation of the solvent
there was obtained 63 mg of a cloudy oil, This material was dissolved
in 1,9 m1 of ethanol, treated with 13 mg of 85% potassium hydroxide
pellets and the resulting mixture was heated to reflux, After refluxing
for 90 min, the mixture was cooled and diluted with 75 mi of ether,

This solution was washed with water (25 ml), saturated agqueous ammonium
chloride (25 ml) and saturated brine (25 ml) and then dried (MgSOb).
After removal of the dessicant and evaporation of the solvent at reduced
pressure, 52 mg of crude androstenonejal? was obtained as a yellow oil,
Purification of this material by ptlc (26) (25% ether-petroleum ether,
double development) afforded one large uv active band which was removed
from the plate in three equal parts, From the center portion of this
band (Rf 0,33) there was obtained 30,5 mg (54% from enone 2:2) of andro-

stenone E;Z as white -rystals, mp 101-104° [;it. (22a) mp 104-105?].
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After one crystallization of this material from methanol, a sample was
obtained which melted at 104-105°; ir (cHC1,) 1665 (C=0), 1615 (C=C),
1455, 1435 (-CH,-) and 1380 cn™! (cHy); nmr (CDC1,) & 0,76 (s, 3, C-18
H), 1,20 (s, 3, C-19 H) and 5.74-{% (broad), 1, C-4 ﬁ]x 1it, (22b) nmr
(GDClB) d 0.76 (s, 3)y 1,19 (s, 3) and 5,73 (s, 1), The lower portion
(Rp 0.25) of the uv active chromatography band afforded 3,0 mg (5%) of
an oil consisting of 2 volatile components by vpc (27) (oven temperature
230°); the minor component (~40%) had a ret, time of 2,3 min, the

same as that of recrystallized androstenone}%;?. while the major isomer
(ﬂvéo%) had a 2,0 min ret, time, The amr (GDClB) of this mixture showed
singlets at éﬂ 0,79, 1,20 and 1,25, as well as two broad singlets at

d 5.83 and 5,74 (ca. 312 ratio); the 1it, (31) nmr (cnc13) for 178 -
acetoxy-100¢-androst-4-en-3-one is reported as d 0,77, 1,24 and 5,78

(singlets), The second component in this fraction may well be 10X~
androst-4-en-3-one,
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Appendix

A need to efficiently photooxygenate small to moderate amounts
(~1-20 mmoles) of material prompted the design of the photooxygenation
apparatus shown in Fig, 1 (32), A solution of compound and sensitizer
is placed in the outside well (the tapered construction allows small
amounts of material to be efficiently cooled and irradiated in the bot-
tom of the well, while still maintaining an appreciable total volume
for the apparatus), Oxygen is bubbled in through the fritted discs (a
gentle flow must always be maintained when liquid is in the well to
prevent seepage through the frits), Cooling water is circulated through
the cooling jacket, and the lamp (usually a G.E. DWY bulb powered by a
Variac) is suspended in the central cavity so that the filament is Just
below the liquid level in the well, A condenser (water or Dry Ice) is
fitted atop the apparatus to limit solvent loss,

If desired, oxygen uptake can be measured to determine the extent
of reaction, In this case a pump is used to circulate oxygen through
the apparatus as part of a closed system (Fig. 2). The system is fitted
with the same sort of manometer, burette gas reservoir and mercury filled
leveling bulb commonly used to measure gas uptake during low-pressure
hydrogenation, It is sometimes difficult to obtain exact readings,
however, especially when volatile solvents are employed, as temperature
variations on irradiation can cause significant vapor pressure changes

of the solvent,
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Proposition 1

The synthesis of a detergent, specifically designed to solubilize
membrane bound proteins in their active form; and its use in some test

systems is proposed,

Among the earliest triumphs of biochemistry lies the elucidation
of the Embden-Meyerhof glycolytic pathway and the Krebs' tricarboxylic
acid cycle, Considering the complexity of these systems, it seems
remarkable at filrst glance that their unraveling should have come so
early in the history of biochemistry; however, an examination of the
experimental methods used to attack these systems, reveals the impor-
tant key which made understanding possible, Virtually all of the
enzymes involved in these two pathways are water soluble proteins
which can be readily purified in an active form, Thus, each pure
enzyme can be combined with various substrates and co-factors in
in vitro experiments, which allow direct determination of the enzymatic
requirements and reaction products, Each reaction can be studied
independently, and the pleces of the pathway systematically put into
Place,

Other systems have not been so easily studied, Electron transport,
for example, long remained a poorly understood process until it was
finally worked out in some detail by B. Chance (1), using transport
inhibitors and spectroscopic techniques on essentially in vivo enzyme

systems, The same powerful techniques used to unravel the glycolytic
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pathway could not be applied here since most of the electron transport
enzymes are tightly bound to membrane surfaces and cannot be isolated
in pure, active form for in vitro experiments, Thus, there is no easy
way to do separate experiments with individual enzymes in order to
determine which interact with which, which with NADH, and how these
interactions occur, The problem of untangling the biochemistry in such
a system is extremely difficult,

Unfortunately, there are a large number of important membrane
bound proteins which, like the electron transport enzymes, cannot be
isolated for study in any sort of pure, active, soluble form, If such
isolation were possible, understanding of their exact functioning might
progress at the fast rate associated with soluble proteins, and thus
would greatly accelerate work in many areas of biochemistry, Much
effort has gone into solving this very problem for specific enzymes,
with varying degrees of success (2), but no good general technique has
yet been developed, In order to approach a general solution, one must
first consider the nature of membranes and membrane bound proteins,

Hardly understood themselves wlith any great certainty, membranes
and their properties (3) seem reasonably well explained by the fluid
mosaic model (4); 4in essence, thls model views the basic membrane as
a lipid bilayer, with hydrophobic groups abutting on the interior, and
hydrophilic groups forming the two boundary surfaces which interact
with the aqueous media (Fig, 1-a). Stabilizing this structure is the
thermodynamic decrease in free energy associated with isolating the

hydrophobic side chains essentially outside of the surrounding water
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structure, The actual membrane bound proteins are imbedded in this
bilayer as shown in Fig, 1-b, with major hydrophilic regions exposed to

the aqueous solution, and with an intensely hydrophobic middle section

HYDROPHILIC REGIONS

HYDROPHOBIC REGIONS

] -3

FIGURE |
favorably interacting with the hydrocarbon region of the membrane, It
is this hydrophobic belt which holds the protein in the bilayer (exactly
as the lipids themselves are held in),

If this model is correct, then in order to remove an intact protein
from the 1ipid bilayer, one would have to provide a suitable substitute
nonpolar interaction for this middle section of the protein; in essence,
what is called for is a less polar solvent than water, or a surface
active agent (detergent) which can effectively solubilize this hydro-
carbon region, Both approaches have been tried (2), but when proteins
have indeed been solubilized two main problems have arisen, Most fre-
quently, the protein is denatured, and no enzymatic activity can be
observed [élthough in this state the various inactive components can

be separated reasonably well (5)]. When it is possible to obtain active
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solubilized enzymes, they are difficult to purify as they tend to form
large aggregates,

These results are understandable, for with a short chain, very
nonspecific detergent such as SDS, the detergent is small and flexible
enough to easily slip intc the protein and destroy its tertiary struc-
ture (and hence its activity). The inactive polypeptide chains are
completely dissolved, however, and thus become separable into distinct
units, With large, polymeric, nonionic détergents (such as Triton X-
100), penetration into the enzyme is less likely and thus denaturing
is less of a problem, Since a molecule of the detergent is quite large
and coiled, however, it probably interacts with itself, other molecules
of detergent, and possibly even other protein molecules, as much as it
interacts with any one specific molecule of protein, Thus, the solubil-
ized detergent-protein-lipid mass may not contain any discrete species
which are soluble and isolable, but more likely is an equilibrium mix-
ture of everchanging aggregates of the various components, Removal of
the detergent therefore, often leads to aggregation of the protein mol-
ecules, since protein-protein interaction (about their hydrophobic re-
gions) should be quite strong, while the protein-detergent interaction
should be no stronger than the weak detergent-detergent interaction,

What seems to be called for as a solution to this problem, is a
detergent which interacts more strongly with the protein than with it-
self; such a detergent must not readily interact with several species
at once to form solution aggregates, and yet must be large enough to

remain outside of the protein and not destroy its tertiary structure,



203

In order to design such a detergent, one should begin by considering an
interaction with membrane bound proteins which must be quite favorable,
i.e., that between the protein and 1ipid in an actual membrane (Fig, 2-a),
While a monolayer of these lipids should be most compatible with the
protein, the hydrocarbon portion of the lipids offer no more favorable
an interaction with water than the protein itself; hence such a mono-

layer would not solubilize the protein,

a b
FIGURE 2

A sultably substituted hydrocarbon chain could be constructed,
however, in order to provide a favorable interaction with both the
protein and the water, Such a chain, when fully extended along the
hydrophobic belt of the protein, would have polar groups (X) directed
into the aqueous medium as shown in Fig, 2-b, As drawn, this species
should be soluble; unfortunately, the hydrocarbon chains would probably
coil on themselves (entropically more favorable) and cause the proteins
to aggregate, If the hydrocarbon could be made rigid, however, this

problem would be eliminated; the required rigidity could be suitably
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achieved by incorporating the proper ring structure in the molecule,
as shown in Fig, 2-c, This type of molecule should meet all the cri-
teria set forth above for a detergent, except possibly the first; in
view of its large, totally rigid structure such a compound may be ex-
tremely crystalline and difficult to get into solution, The synthetic
problems associated with such a molecule are formidable as well,
Fortunately, the solution to either of these problems may be the
solution to both, Total rigidity may not be necessary (or even desired)
as long as the detergent has enough structure to prevent coiling on
itself, The detergent need not be a single compound, either, as certain
diasteriomeric mixtures would do equally well in solvating the protein,
Both of these modifications should tend to decrease the detergent's
affinity for itself, while greatly simplifying the synthesis of the
molecule,
In view of these considerations, the mixture of diastereomers‘L
is proposed as meeting the criteria set forth for a membrane-protein

detergent, Each tricyclic subunit is rigid, so any given molecule can-
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not coil upon itself, When laid flat, these molecules have a hydrophobic
edge corresponding in length to a fully extended 15 carbon chain, Since
the most prevalent fatty acids in membranes number 16 or 18 carbons,
one of the detergent molecules should span halfway across the hydrophobic
belt of a protein, Thus, two monolayer beltis of these molecules around
a membrane protein, with their hydrccarbon edges inward, should closely
similate for the protein the membrane itself, The outside functionalized
edge, being quite polar, should interact very well with an aqueous media;
hence the entire protein-detergent complex should be water soluble ex-
actly as desired,

The actual process of solubilizing proteins held in membranes
might best be accomplished by sonicating a mixture of the membranes
and detergent, When closed membranes are sonicated themselves, they
are torn apart and reform into smaller closed bilayer structures
(vesicles), These vesicles have a minimum size which is a function of
surface tension effects, and which is still large with respect to the
membrane proteins,

Presumably such vesicles form since the exposed edge of a torn
membrane is an unfavorable, high-energy species in aqueous solution,
In the presence of a detergent such as‘a, however, the torn edge of the
membrane should be able to favorably interact with the nonpolar edge
of the detergent molecules, This interaction should lead to species
such asgg, which on further sonication with detergent should give small-
er pieces'z: Since a closed membrane surface no longer needs to be

maintained, the ultimate products of this continued process should be
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Bt
detergent solubilized proteinsﬁ&land small detergent coated pieces of
lipid bilayeraé: Each detergent molecule‘&'will bear a net charge at
biological pH, and thus the solubilized species should be charged and
repel one another, Having the charged detergent molecules dispersed
over the large surface of the enzyme "belt" should be more favorable
than having them in small charge-concentrated micelles of thelr own,
Both of these effects should tend to stabilize the sonication fragments
as discrete entities, separable from each other and from any excess
detergent without aggregation,

In order to test the validity of the above reasoning, the deter-
gent‘L'should be synthesized, This can be approached most efficiently
(6) by the construction of a suitable tricyclic fragment and the sub-
sequent dimerization of this to give the large detergent molecules,

One such possible synthesis is outlined in Chart A,

The starting material, 4,4 -dimethoxybenzophenone (ﬁ;l) is commer-
cially avallable (7). Hall and co-workers have shown that the carbonyl
function in such molecules can be completely reduced to the hydrocarbon

using lithium-ammonia and ammonium chloride (8), Subsequent addition
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of more lithium and i-butyl alcohol to the reaction mixture should effect
normal Birch reduction of the aromatic rings, to afford after mild acid
hydrolysis the symetrical unsaturated diketone_éag (9), H, C, Brown's
annelation reaction involving carbonylation of cyclic organoboranes (10)
could then be employed, Treatment of diketone;ﬁ;g with 3 equivalents

of thexylborane should yield only the trans, trans fused intermediate
é;é; after carbonylation of borane‘£:§, the keto dialcohol ﬁ;ﬁ should
be obtained with the trans, trans ring fusions retained (10), The

rigid tricyclic nucleus could thus be formed in essentially two steps,

Formation of the ketallﬁ:é and protection of one alcohol function
as a benzyl ether would afford alcohollﬁ;é. This could be converted
to the bromide'ﬁcz suitable for coupling to a dimeric species, A num-
ber of procedures might be envisaged for this coupling; among the sinm-
plest would be carbonation of the derived organolithium‘£:§, followed
by subsequent addition of a second mole of organolithium.ésg to the
initially formed 1lithium carboxylate, This procedure should yield the
ketone‘ﬂ;g (11) (notes all compounds after coupling are diastereomeric
mixtures of coupled products),

Hydrogenation of both the ketone and benzyl ether would afford
tri°1,£:£9' the ketal functions of which could then be hydrolyzed,
Conversion of the resultant diketonedﬁzé} into the bis-dimethylamine
é;lg could be accomplished using the reductive amination procedure of
Borch and Durst (12), Oxidation of the triol-é;ég'would afford tri-
ketone.ﬁ;lg. Treatment of A-13 with 2-1lithio-2-trimethylsilyl-1,3-

dithiane (13) should afford the tris-ketenethiocacetal A-14, hydrolysis
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of which (14) should result in the desired detergentdi:

The synthesis of the mixtureﬁa‘would allow studies of its solubility
and micellar behavior in aqueous solution at biological pH's (12),
Assuming reasonable water solubility, its function as a membrane-protein
detergent could then be tested, Several recent attempts to isolate
active, solubilized (Na'-x") ATPase (2b, c, d, e,f), NADH oxidase (2e, f),
and glycerol-3-P acyltransferase (2g), have met with only partial, or
no success; as assays have been established for all of these enzymes,
they all represent gocd candidates for this study,

Membranes containing one or more of the desired enzymes (see above
references), could first be combined with a solution of’&‘and tested
for activity to determine if the mere presence of detergent inactivates
the protein, If not, this mixture would then be sonicated, centrifuged
to separate undissolved material, and both phases would be tested for
activity; if all the activity remained in the solid phase, conditions
would have to be modified until activity could be obtained in the solu-
tion, Separation of the excess detergent from this solution would then
be attempted by either dialysis or chromatography., If the excess deter-
gent could be removed, leaving an active, soluble fraction behind, then
detergentdi_would be performing as expected,

The next step would be to effect separation of the enzyme being
sought, in a pure active form, Since the detergent should form a rela-
tively stable species with the protein (preventing aggregation), it
might well be possible to treat the solubilized proteins exactly as

naturally soluble proteins; the standard techniques normally used to
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separate these could then be relied upon, If these techniques proved
ineffective, then some of the more specialized techniques which have
already been applied to solubilized systems (2b, 5) might be utilized,
If the desired proteins could indeed be separated by these means, in
a pure, active form, then the detergent could be considered a success,
Since this detergent would perform by mimicking the normal membrane,
then success with one protein might well mean success for a great many
proteins, DModifications of the polar groupings could be made, to deter-
mine which side chains allow enzyme solubilization under the mildest
conditions; and perhaps if the results seemed promising, other stuctural
modifications might be tried, If such a detergent could indeed be per-
fected, which would be generally applicable for solubilizing membrane
proteins, its use would have a great accelerating effect upon the pro-

gress of modern biochenistry,
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Proposition 2

It is proposed that a study be made of the directive effects of
the ether function on the course of hydroboration, for olefinic ethers

in nonethereal solvents,

Since H, C, Brown's initial observation that the rate of addition
of diborane to olefins is greatly enhanced in ethereal solvents (1),

a great deal of work has been done in studying the reaction and devel-
oping its synthetic potential (2, 3). Hydroboration involves a stereo-
specifically-cis addition to double bonds, and the boron function in
in the resulting product is open to replacement by a number of groups
with complete retention of stereochemistry, Thus, effective control
during hydroboration over which face and which end of an olefin boron
attaches to, can be an important synthetic tool for stereospecifically
introducing a great many groups into a molecule,

Two major factors have thus far been uncovered which clearly direct
the addition of diborane, The first of these is the polarity (or polar-
izability) of the double bond, which is the principal determinant of
which end boron attahes to, It is well-known that hydroboration pro-
ceeds in an anti-Markownikoff sense (2), and it seems generally true
that the boron attaches itself to the more electron rich end of the pi
bond, Substituents attached to the double bond (4), to allylic (5) and
even to homoallylic (6) positions affect addition in keeping with this

principle, as governed by their inductive and mesomeric interaction with
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the olefinic bond,

The second major factor, steric environment about the double bond,
directs addition to that face of the olefin which is least hindered (2);
and for electronically similarly substituted bonds, to that end which
is less sterically demanding (2), This steric effect, coupled with the
anti-Markownikoff nature of hydroboration, frequently leads in practice
to the generation of principally one of the four possible cis adducts
(2), and thus accounts for the value of the technique in stereospecific
synthesis,

If another control over the direction of hydroboration could be
devised, one which would reverse one (or both) of the normal directive
effects, then all the many procedures developed for utilizing normal
hydroboration adducts could be applied for synthetic purposes in pre=-
viously unrealizable adducts, It would be especially valuable syntheti-
cally if one could induce borane to add to the more hindered face of
certain olefins, since most reagents tend to avoid approaching from
the hindered side, A possible key to such a control may be related to
the strong catalysis of hydroboration by ethers,

Early workers found diborane to be rather unreactive in nonethereal
surroundings, It was observed that for a gas phase mixture of ethylene
and diborane, "Reaction at room temperature was slight, if at all" (7);
while neat mixtures of diborane with acrylonitrile or methyl methacrylate,
after twenty hours at room temperature, had only undergone 62% and 347%
reaction respectively (8), Such sluggishness is in great contrast to

the ether catalized reaction, the speed of which makes conventional
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kinetic studies most difficult (2),

It is well-known that borane forms complexes with the oxygen of
ethereal solvents (9), As borane by itself is so unreactive, it is
likely that the ether complexed species is actually the reactive agent,
This suggests the possibility that olefinic compounds with ether func-
tions incorporated in the same molecule might well undergo rapid hydro-
boration in nonethereal solvents; more importantly, when the ether
function and olefin are stereospecifically held in close proximity,
activation of the borane as an ether function complex might well lead
to intramolecular addition (stereospecifically) at a much higher rate
than the intermolecular process, Such a process could provide the
sought after directive effect discussed above and thus warrants inves-
tigation,

Studies already in the literature of the directive effects of sub-
stituents on hydroboration, have all been done in ethereal solvents
(ether, diglyme, THF); thus, although the presence of directive effects
can be looked for, the lack of any such effects can always be attributed
to a very fast solvent catalyzed addition, In simple cyclic ethereal
olefins such as#&, the principal products (e'g',2) always result from

intermediates (3) in which boron is bound ©¢ to the carbon bearing the

OCH, OCHy OCH,
B “3 \"" B = \"'~ 0 H
——— e ————
(CaHg), 0 Hy 0, 0H”
1 Z 2
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substituent (5b, ¢). This might suggest some sort of intramolecular
complex addition, but the completely trans relationship between the
adduct and ether function in such cases precludes this possibility,
The study then, really gives little indication of whether an intramo-
lecular complex would affect addition in the absence of competitive
solvent catalized addition,

There are a few observations which may bear more directly on the
problem, Cholest-5-ene adds borane to give 6 ©¢-cholestanol as the only
alcoholic product following peroxide oxidation, this being the sterically
less demanding adduct; cholest-5-ene-3 8 -ol (4), however, also yields

15-20% of a minor product, the 38, 6@ -diol (10),
CH, CH3

CH

CH 3
g OH
HO
oH

:t' 5 6

A complex such asléLcould explain this difference in products, although
the unfavorable methyl-oxygen interaction with the A ring in the re-
quired boat configuration strongly suggests that it may not be an im-
portant factor,

In a case where complex formation has definitely been observed (11),
the moleculeﬁz_was heated with one equivalent of borane in THF, and the

adduct on nitrogenggj'was isoclated with no addition to the double bond,
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Such a result is reasonable as nitrogen forms very strong complexes
with borane, which are much less reactive than ether complexed borane,

Treatment of this adduct with excess ethereal borane at room temperature,

OOO 25

R HBS \R

b - ) B 19
followed by oxidation, gave’gb and lg_in a ratio of 113, Heating the
complex‘E! however, with no excess borane at 150o for ten hours, gave
jLand igﬂupon oxidation as a 131 mixture, It is tempting to attribute
this difference in products to an intramolecular hydroboration inter-
mediate such as‘il. but other explanations could account for this ob-
servation just as well,

One literature case appears to involve an intramolecular hydro-
boration directed in an unfavorable Markownikoff sense, although not
by a complexed borane, When the molecule ig'was treated with diborane

in THF (12), the principal products upon oxidation were the diols 13,
A

Qs \— OH

§ c
|
i OH s

Ci, Chy

12
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Under certain conditions, however, a third diol assigned the structure

iﬂrwas obtained, Presumably, this unexpected product arises from an
CH5

2 2

intramolecular hydroboration of the 7,8 double bond by the borane
adduct to the vinyl group; for steric reasons, this can occur only at
the ring juncture and only from the o¢ face, probably through an inter-
mediate such as Eé& Thus some evidence exists that intramolecular
addition can lead to reversal of the normal course of the hydroboration
reaction,

Experiments reported to date contain 1little clear data bearing on
the question of intramolecular complex-directed hydroboration; thus
a study should be undertaken to determine the stereochemical course of
diborane addition to ether-bearing olefinic molecules in nonethereal
solvents, Any number of molecular frameworks could be constructed
which would provide gocd systems for this study, but certain molecules
already known tc give single, well-defined hydroboration products in
the hydrocarbon case should suffice for this study,

The norbornene system.lé_(R=H), has been shown to éive on hydro-
boration/oxidation, 99.5% of the exo-alcohol 17 (R=H), this result be-

ing attributed to steric hindrance about the endo face of the double
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bond (13). The carbomethoxy compoundlig’(RaCOZMe) has also been hydro-

o
R H
16 “u " s

borated in THF to give a 1:1 mixture of the two exo alcohols iz and £§
(R=002Me), with no observed endo product (14). Exo approach is steri-
cally much preferred in this system,

For the purpose of this study, the endo ether‘é:L would be an ideal
starting compound, A dilute solution of these molecules in a nonpolar,
nonethereal solvent (benzene), could be treated with externally gener-
ated diborane, and the resulting adduct(s) oxidized with basic peroxide,
As all four possible alcohols can be otherwise synthesized, the pro-
duct(s) could easily be identified, Formation of principally or ex-
clusively alcohollé:g would strongly indicate addition via an inter-
molecular complex, as in_é;a; formation of the other endo-alcohol
would be very unlikely except for a very loose, active complex, For-
mation of endo-exo mixtures could indicate the occurrence of simple
intramolecular versus intermolecular competition, or the possibility
that the;&:g adduct is a more active hydroborating agent than intra-
molecularly ether complexed BHB; such a result would call for solvent
and temperature variation, or changes in the hydroborating agent (RBH2
or RZBH), Finally, complete exo addition might indicate that a five-

membered transition state complex such as A-2 is just very unfavorable,
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and the next homologous methyl ether .ﬁ:ﬁ would then be tried,

Depending upon the results obtained above, the compound‘ﬁ;ﬁ'should
be studied to determine whether endo addition would occur at all, and
whether only one, or both of the endo-alcohols’é;§ and‘é;g would form
(reflecting on the possible transition states A-5 and f_:.?)- Positive
results at this stage might indicate investligation of further homologs
,ﬁ;? (n=2,3,etc,), to determine the effects of chain lengthening on the
regio- and stereospecificity of the reaction, If ether;&:} does indeed
lead to alcohol A-3, then the C-6 methyl compound A-10 (n=0, or 1)
should be studied to see whether the intramolecular complex can reverse
the normal position of hydroboration to give tertiary alcoholfé;é&.

At this stage, other ether functions (especially the readily cleaved
benzyl ether) might be investigated, and possibly the unprotected al-
cohols as well, Although more convenient than the ether, the alcohol
function introduces complicating features by virtue of its reactivity
towards borane, which is why ether functions were selected for the in-
itial proposed study, Finally those compounds studied should be hydro-
borated in ethereal solvents as well, to ascertain the significance of
any observed directive effect,

Whether intramolecular complex addition is observed for the nor-
bornene ethers or not, at least one other system might be studied to
insure that the results are not unique to the somewhat strained bicyclo
(2,2,1) heptene structure, Sondheimer and Wolfe (15) have observed
that the octalene system 19 (R=H) on hydroboration/oxidation affords a

mixture of both alcohols 20 and 21 (R=H), However, when R=Ci,, only
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the ﬁ#addition product'éi occurs, presumably since the axial o methyl
sterically hinders this face of the double bond, Compounds 23 and 24

(n=1 and 2) are both readily synthesized from the easily made ex,8 -

R RW R
R R HOH R e
OH
L] 20 2

unsaturated ketone‘gg. In accord with the results from 19 (R=CH3),

hydroboration/oxidation of these molecules in the absence of intramo-

CH, CH; Cls
Lo ©H)), OCH,
22 23 24

lecular complex addition, would be expected to give only the secondary
p-alcohol, analogous to 21, Addition via an intramolecular complex,
however, would be expected to give ®™¢-adducts instead, It should be
possible by simple chemical manipulation and by nmr techniques to de-
termine the position and stereochemistry of the alcohol function in the
products, The results from this study would shed additional light on
the question of intramolecular complex additicn; and taken along with
those from the norbornene system should allow some conclusions to be

drawn as to the nature and generality of this process,
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The experiments suggested above could provide some interesting
insights into the nature of the ether catalized hydroboration reaction,

and might also afford a valuable new tool for stereospecific synthesis,
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Proposition 3

It is proposed that a molecular system be constructed that may
promote and will unambiguously show the presence of intramolecular

(7725 + 4r2a) cycloaddition between a pair of olefins,

Orbital symmetry considerations for the concerted (2 + 2) cyclo-
addition process for olefins indicate that for the thermal reaction
only the (1Y25 + 1f23) process should be allowed (1), The geometry of
such a reaction is at first somewhat difficult to envisage, but one can

see that the mode of addition shown in Fig, 1-a is indeed that required,

¢, a a -
2 C —
wn Q
\-_ — = —
A L
\ LT
c;N b —d d
b

FIGURE 1

The lower olefin forms both new sigma bonds to the same side of the old
Pi bond (25), while the upper olefin forms one new sigma bond to each
side of the old pi bond (Za). It should be noticed that the two olefins
are not equivalent in this process; and that groups which are cis in
the 2S component will remain cis in the product, while groups which are

cis in the 2a component will become trans in the product (Fig, 1-b).
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One may validly argue that overlap between the orbitals involved
in such a transition is poor at best, and that the activation energy
for such a process may thus be quite high (even though it is symmetry
"allowed“), In addition, the rigid geometric requirements are entro-
Pically quite unfavorable, and so the frequency factor for the reaction
should tend to be rather low, One might therefore expect to observe
little cyclization via this pathway,

It would appear that this is actually so, for the (1723 + m,Za)
cycloaddition has been shown to occur definitely only in cases of rather
unusual olefins, such as ketenes, allenes, and isocyanates (2). Only
one case has been reported in the literature in which evidence indicates
a thermal (25 + Za) process for a noncumulated double bond; this in-

volving the very strained trans olefinaay dimerizing at room temperature

¢~ 00

P o~

to givezi(B). While this certainly seems to be an example of the con-
certed thermal reaction, it is rather discomforting that no other such
additions have been found for noncumulated olefins,

Simple olefins will not undergo thermal (2 + 2) additions, but
various gem difluoroolefins and especially tetrafluorocethylene, readily

undergo reaction with themselves and other olefins to give substituted
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cyclobutanes (5), Several such reactions have been investigated, and

at least for some tetrahalo olefins, addition appears to proceed via a
diradical mechanism (6)., In other cases, where radical stabilization
should not be as great, the answer seems less clear, In a recent study
of the cycloaddition of tetrafluoroethylene to pure cis and pure trans
dideuteroethylene, it was found that both isomers give the same product
mixture (7); it was argued that this result indicates a biradical mech-
anism must be operative, to account for this scrambling, Such may not
be the case,

Earlier in this discussion, it was noted that the stereochemistry
of the 2a component is reversed in a concerted thermal process, while
that of the 2s component is retained; ®But no prediction is made as to
which olefin will be which, For example, with c¢is dideuteroethylene
and tetrafluoroethylene, one would get trans-1,2-dideuterocyclobutane
from each addition in which the dideuterocethylene were Za, and cis-1,2-
dideuterocyclobutane from each addition in which the dideutercethylene
were 25. If there were no preferred mode of addition, then a 1:1 mix-
ture of products would result; a similar argument leads to the same
conclusion for the trans starting olefin, Thus a (2s + 23) process
could be consistent with the observed results,

The authors who performed this study, contend that since a CF2
group has a larger moment than a CHD group, then tetrafluorcethylene
should be much less prone to 2a addition, lMaking such assumptions about
a reaction pathway that has never been observed in such a system (much

less well characterized) seems unwarranted, Unless systems are employed
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in which the mode of addition of both components can be clearly deter-
mined, then such studies cannot be used to rule out the (ZS + Za) pro-
cess; nor can they hope to reveal it, unless some preference for one
addition mode does indeed exist, Hence it is possible that the concerted
reaction is occurring in these simple cases,

The obvious experiment to be performed is the thermal cycloaddition
of two compounds such as'élandib Formation of principally isomersiz
and‘é'would strongly indicate a (25 + 2a) process, while the occurrence

of large amounts of 7 and‘g_as well, would be inconsistent with a con-

A B A B A B A A
+[—»A 8 BWB
L (7 [ 2
B A A 8
2 2 - L % g

certed mechanism, Unfortunately, as mentioned above, only gem difluoro-
olefins readily undergo such cycloadditions; +this makes the desired
experiment impossible in simple systems, as there is no way in which to
determine the addition mode of the fluorocolefin component, A possible
solution to this problem would be to design a system in which steric
contraints would allow only a single geometry for the (ZS + Za) addition,
In such a system, a gem-difluoroolefin could be employed for the 2S
component, and a cis or trans substituted (deuterated) olefin for the

23 component, The relative stereochemistries in the product of the

substituents from the Za component would allow determination of whether

the concerted process had occurred,
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Constraining the olefins such that each can assume only one of the
two possible addition modes can best be achieved by attaching them both
to the same molecule, In doing so, it might also be possible to struc-
ture the system so that the (ZS + Za) geometry of approach would be
more favored than for free olefins approaching totally randomly, The
unfavorable entropic effects associated with concerted addition might
thus be somewhat countered, and the likelihood of observing this process
increased,

One such system which could easily be synthesized is the molecule
ﬁ;é. Treatment of the known bicyclolactone_ﬁ;l (8) with one equivalent
of 2-butynyl Grignard at -30° should result in the lactol A-2 (9).
Wolff-Kishner reduction of this would produce the alcohol‘é:g (10).
which upon metal ammonia reduction of the triple bond and Jones oxidation
of the alcohol should result in the trans olefinic ketone.é:ﬂb Conver-
sion of the ketone to a difluoromethylene can be accomplished via a
Wittig reaction (11), which should give the desired diolefin in only
five steps from‘é;i.

Examination of molecular models of ﬁ;é shows that there is only
one possibie way in which the two olefinic fragments can interact with
the (Zs + Za) geometry; that mode is shown as:t;é'. Only one product,
é;é, can result from such a concerted process, and thus upon heating
ﬁ:é in dilute solution one should obtain principally one product (ézé)
if the (ZS - 23) addition predominates, Fortunately, the product A-§
should be available from the alcohol;&:}; Jones oxidation, difluoro-

methylene Wittig treatment, and cyclization would produce the cyclo-
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butene A-7, which after hydrogenation from the least hindered side should
afford the desired.ézé. This could then be compared to any product(s)
formed on heating ﬁ:é, and also tested under the reactlon conditions
to determine its stability,

The cis olefin corresponding to.ﬁ:é should be cyclized as well,
This product should be available from hydrogenation of the acetylene
ﬁ;g followed by a difluoromethylene Wittig reaction, Assuming é;é is
found to be stable to the cyclization conditions, then if on cyclization
the cis olefin produces the same product mixture as the trans, then one
of the cyclizations (and probably both) cannot be occurring via a con-
certed pathway, If, however, the trans olefinnﬂsé does yield principally
‘§:§, while the corresponding cis olefin does not, then this would be
strong evidence for the occurrence of the (ZS + Za) cycloaddition among

these nonstrained, noncumilated olefins,
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Proposition 4

It is proposed that the thermal rearrangements of methyl and allyl
carbonates and sulfites derived from enolate anions be investigated, as

a possible means of regiospecifically monoalkylating enolate anions,

The alkylation of enolate anions is an important synthetic tool
which has received a great deal of study (la, 2). For many unsymmetrical
ketones, methods have been developed which allow selective formation of
either of the two possible enolate anions, Treating a ketone (e.g.Al)
with acetic anhydride under acid catalyzed, equilibrating conditions

generally affords the more high substituted enol acetate (2) (3);

o ooL® ®oL®
HaC o;j HAC TAC H,C, i Hacﬁj
| 2 3 4

~ ~ —~ ~

from this, the more highly substituted enolate anion Qz) can be generated
under conditions which preclude any equilibration to the isomeric eno-
late g&) (4). Treating ketones with an excess of strong base under
nonequilibrating conditions produces the kinetic enolate, which usually
consists of the less substituted isomer gﬁ) (5).

These methods, along with dissolving metal reductions of c(,p-
unsaturated ketones (e.g.‘é:zé) (6) provide an excellent source of

specific enolate anions, In view of the excellence of these procedures,
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Li/NHsy
—#
0 L 03
2 -

it seems unfortunate that regiospecific monoalkylation of such enolates
frequently occurs in only poor to moderate yield, The principal reason
for this problem seems to be equilibration of the enolates during alky-
lation, and reenolization of already alkylated material which leads to
polyalkylation (1b),

For example, a 1199 mixture of anions ”3~and .ﬂi on treatment with
benzyl bromide only affords between 54 and 61% yields of the monoalkylated

ketone mixture ’Z_ + 8; although only 1% of the enolate mixture was rep-

= o
CHy CHy CH, Ph
PhCHy:
- £

resented by 3, between 10 and 14% of the product mixture consisted of
the corresponding alkyl ketonenzv(?). A similar although more extreme
case is exemplified by alkylation of enola.tesiand 3‘9 (7). The former
anion affords an acceptable 70% yield of monobenzylated ketone ‘1‘&' ;
while alkylation of a mixture of a 16184 mixture of enolates 9 and 10

D

affords at best only a 27% yield of ketone 12, Longer reaction times
A
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Li Li 0 9
n-BuCH:C?ICH + noBuCH G-cH, —SBCH,BY_  BucHOCH. + n-BuCH,CCH_CH_ Ph
2 3 n 2“=CHy e T B 3 pECH Ol

2

; 12
2 2 A =
100% 0% 70% -
16% 84% 19% 27%

in this instance lead to increased amounts of ketone‘il and polyalkylated
material,

Numerous other situations have been found in which a specific eno-
late anion could be generated but not regiospecifically monoalkylated
in acceptable yield, As a result of this, a number of procedures in-
volving activating or protecting groups (1c), enamines (1d), metalo
enamines (le, 8) and cyclopropylation (9) have been employed to circum-
vent the problem, While all of these methods have merit, they often
involve extra steps, sensitive intermediates, and reaction conditions
incompatible with functional groups which are stable to normal enclate
alkylation conditions, Enolate anions are the most readily obtained
and most frequently encountered group for such alkylation reactions,
and thus it would be valuable to find a good direct method of regio-
specifically alkylating specific enolate anions,

Both the polyalkylation and enolate equilibration problems encoun-
tered during these alkylation reactions can occur as a result of ketone
(product) formation in the presence of unalkylated enolate anion (a
strong base). The product ketone acts as an acid promoting enclate
anion equilibration, and at the same time generates a new enolate which

leads to polyalkylation, In view of this inherent problem with alkylation
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on carbon, it might be better to attack the enolate anion (e,g. 13) on
A

oxygen to provide an enol intermediate (14) capable of rearrangement
A

BL® SR 0
R R R R/(X)
——— e
13 14 5

under neutral conditions to the alkylated ketone (}2‘) or its equivalent,
Since no ketone would ever be formed in the presence of enolate anion,
the problems normally associated with alkylation reactions would be
precluded,

A possible choice for an intermediate such as }_lf_ would be enol
carbonate }é. Enolate anions do indeed react with alkyl chloroformates
on oxygen, to afford enol carbonates (10), Many pyrolytic studies
have been performed on the analogous saturated carbonates }E, which
have been shown to undergo thermal decarboxylation when one of the
alkyl substituents bears hydrogens on the carbon A to oxygen (11).
Such reactions appear to be concerted processes, probably occurring
through a symmetry allowed, six electron transition state (6.2s + &2,
G > G—ZS), In an enol methyl carbonate such as ‘1—§, however, abstraction
of a hydrogen from a A carbon would require formation of an allene or
acetylene in a six-membered ring; such a process should be most un-
favorable,

Another rearrangement pathway might exist for the enol carbonate
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OQ & 1,9

1&, proceeding through an allowed six electron, six center transition
state (9r25 + 5-25 o 6-25) and resulting in the methylated ketone'lz.
A rough calculation of the enthalpy change for this process is shown
in Table 1, Using values from S, W, Benson's tables (12), this calcu-
lation indicates that 11H298 for transforming carbonate lé'into ketone
17 should be ~r 2l keal/mol, Since carbon dioxide is released as part
of the reaction, the entropy change for the reaction should be favor-
able as well, Thus, both mechanistic and thermodynamic considerations
indicate that rearrangements of methyl enol carbonates such as }é'to
methylated ketones such as iz might indeed be realizable, ©Should this
prove true, then in effect it would represent a means of reglospecifi-

cally methylating enolate anions,
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TABLE 1

Enol Carbonate 16 Methyl Ketone 17 + CO,

Atom or Group | Substituents .:\Hg Atom or Group| Substituents AH‘IZ
1 ¢ (e)(cy)(H), - W76 1 C  (C)y(H), - 4,95
2 ¢y (c)(H) + 8,59 2 ¢ (c),(co)(H) - 1.8
3 ¢y (0)(c) +10,3%| 3,5 co  (c), -31.5
b c  (cc(m), - w26| 4 ¢ (co)(c)(H), - 5.0
5 o (cy)(co) b4t | 6,7,9  CO, -9k 1
6,9 co (o)2 34,9 8 2. (c:)(H)3 -10,8
7 0 (c)(co) “h4 1
8 c (o)(H)3 -10,8

for pertinent atoms AH; -124.5 |for pertinent atoms AH, -143,2

AHg980 = (-148.2 - (-124,5)] kcal/mole = -23,7 keal/mole

A survey of the past literature has revealed no attempts at such
rearrangements, DMost recorded carbonate pyrolyses were done on systems
in which an alkyl group bearing hydrogens on the pB-carbon was present
(11), As discussed above, such systems on thermal rearrangement afford
olefin and alcohol products, Several aromatic methyl carbonates such

as 22 have been pyrolyzed, but were found to yield aromatic ethers (52)

OH 0 0~ 0 OCH;
CH 3 H cua/
20 23

21 22
P P~

e
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and carbon dioxide as products (11, 13), Such a result is not entirely
surprising, as rearrangement to the of-methyl phenol (gg) would involve
a nonaromatic intermediate (Ei) from a concerted six center cyclic pro-
cess, The loss of aromaticity in such cases might cause other pathways
to predominate,

The only enol methyl carbonate which could be found in the litera-
ture which might have served as a good model for this rearrangement is

carbonate‘ég (10&), Unfortunately, aside from its preparation, the

0-\T;(}

0
cHy”
o
2%

only significant data reported for this compound which relates to our
discussion is its boiling point, At this temperature, 120° (14 mm),
apparently no thermal rearrangements are observed; higher temperatures
may thus be anticipated for the proposed transformation,

In view of the scarcity of information concerning the rearrange-
ments of such enol methyl carbonates, and the possible synthetic utility
of the proposed six center process, the thermal rearrangements of these
species should be investigated, The initial study should be attempted
on some simple enol carbonates such aslzé andﬂzé, and the pyrolysis
products should be carefully identified, If the major reaction pathway
does indeed lead to the desired methylated ketones, then a number of

other carbonates (such as‘EZ’.Eg and 29) could be studied as well, All
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0
ooy 28 23

of these compounds correspond to enolate anions which are normally very
difficult to regiospecifically monomethylate; demonstration of a good
yield carbonate rearrangement procedure would be most significant in
these cases,

Regardless of the outcome of the above experiments, cne or more of
the allyl carbonates corresponding to methyl carbonates 22122 should be
studied as well, Enol carbonatelzg, for example, could conceivably
pyrolyze by three pathways, A simple ene elimination reaction would
generate allene and ketoneﬂi, A rearrangement pathway corresponding

to that proposed for the methyl carbonates above would lead directly
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to allyl ketone;zk. Finally a third six center, six electron process
might lead to the allyl enol ether'zg, which could then rearrange it-
self to the ketone 31 in a normal Claisen reaction (1£]),
If allyl rearrangements such as.zg—fzg could be effected in good
yield for the "difficult to alkylate" species discussed above, this
too would be significant, The terminal olefin of this group essentially
functionalizes it for further transformations (or degradation), If the
methyl carbonate rearrangements proceed as desired, they cannot be gen-
eralized to higher saturated homologues (ethyl, propyl...) as such
groups would undergo the ene elimination reaction, The allyl rearrange-
ment would thus provide entry into these homologous and functionalized

alkylated species,
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It should also be noted that the ideas and experiments discussed
above apply just as well to the closely analogous but 1little studied

enol sulfites (e,g. 33) (14), Depending upon the outcome of the pro-
o
S
0

cH, ll(

33

I~

posed carbonate studies, the generally more labile sulfites might be
similarly investigated, in hopes of improving yields or observing the
desired rearrangements at all, If the proposed rearrangements can in-
deed be shown to occur smoothly in any of the above systems, then they
should provide a synthetically useful means for regiospecifically

monoalkylating enolate anions,
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Proposition 5

A total synthesis of the sesquiterpene dilactone dl-vernolepin

is proposed,

Several naturally occurring sesquiterpene lactones have recently
been isolated and shown to possess significant in vivo tumor-inhibitory
activity against carcinoma in rats (1a), Such compounds, if available
in greater quantities and possibly in modified forms (i,e, syntheti-
cally), could be investigated further in the search for clinically
valuable anti-cancer agents, Unfortunately, these molecules combine
abundant, sensitive functionality with complex stereochemistry, result-
ing in quite challenging and as yet unrealized synthetic goals, The
object of this proposed research is the total synthesis of one of these
tumor-inhibitory lactones, vernolepin (1, 17) Qﬁ;}).

In considering synthetic approaches to vernolepin, it is important
to recognize the high reactivity of both exocyclic methylene groups
(1b, ¢). Such sensitive functionality should be introduced (or un-
masked) at a very late stage in the synthesis to avoid problems during
other transformations, Grieco and Hiroi have recently developed a
method for introducing such o¢-methylene groups on o¢-unsubstituted
lactones (2a), While this method should indeed be applicable to the
vernolepin lactones, it proceeds in a rather disappointing 50% yield
when applied to a model for the vernolepin J-lactone (2b), Other

previously developed methods for introducing such ol-methylene groups,
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Chart A

7

.“.OH
NaHCO4 :

A

CH, X

x* °
2 &) X+ NMe,

- ®
b) X : S ~Me

@ " a-Pr
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or for forming o¢ -methylene lactones in general (2c-j), appear even less
promising for use on vernolepin,

Two methods have been demonstrated, however, which do an excellent
job of regenerating protected of-methylene groups in natural o<-methylene
lactones, Kupchan has shown (ic) that the di-n-propyl thiol adduct of
vernolepin gﬁ;gy) can be methylated to the sulfonium salt ﬁ;&k, and
converted to vernolepin in high yield by treatment with saturated sodium
bicarbonate solution, McCloskey has utilized the dimethylamino group
for the same purpose in his dehydrosaussurea lactone g&) partial syn-
thesis (3), Quaternization of the amine‘EJ followed by bicarbonate

promoted elimination according to the method of van Tamelen (2j), pro-

CH, CH,
/"u,’ l) Me I /"l'
N 2) NaHCO,4 S CH,NMe,
0 (o]
A 2

duced an almost quantitative yleld of exocyclic methylene lactone 1,

Pl
In view of the simplicity of these procedures and their proven high
yields in generating sensitive o¢-methylene lactones in actual sesqui-
terpenes, these methods make compounds A-3a and A-3b appear most attrac-

L A

tive as intermediates for vernolepin, For these reasons and others to
be discussed shortly, the bis-dimethylamine A-3a has been selected as
an intermediate for this synthesis, Its transformation to vernolepin

via the quaternized species A-2a would be expected to proceed well
P —
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according to the method of licCloskey,

Since the trans- ¥ -lactone in vernolepin appears more sensitive
than the & -lactone (1b), formation of the ¥ -lactone ofﬁ:_g_a would
probably best be performed late in the sequence, The possibility of
lactone formation between the C-8 zlcohol function and C-12 also sup-
ports this reasoning, The isomeric lactone vernomenin (ia, b) gg)

actually does occur naturally along with vernolepin; the formation of

such isomer mixtures should be avoided in a directed synthesis, however,

A possible method of introducing the desired ¥ -lactone in inter-
mediate‘é;gg represents the principal key to this entire approach to
vernolepin, It is proposed that this lactone be constructed by the
intramolecularly directed attack of an ester enolate anion upon an epox-
ide, to insure both stereo- and regiospecific formation of the X¥-lac-
tone and C-8 alcohol function, Ester.ﬁzﬂg is the required intermediate
for this step, The attack of enolate anions upon epoxides is well-known
L (8 4), and it seems likely that the conversion of ﬁ;ﬁg to‘ﬁzgi will
work, provided the bis-ester-enolate anion of A-ba g&) can be formed
and is stable long enough for the reaction to occur,

A number of factors having a bearing on this situation appear fav-

orable, Comparison of the conditions necessary for non-nucleophilic
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base catalyzed opening of epoxides (5) (two hours in refluxing ether/
hexane using lithium N-isopropylcyclohexylamide as base) with those
needed for the formation of ester enolate anions (6a) (ten minutes at
--?8o in THF, using lithium N-isopropylcyclohexylamide as base), almost
insure enolate formation in our system before epoxide cleavage, Once
the enolate dianionlﬂ;does form, it could conceivably undergo intramo-
lecular attack of the I position upon the epoxide at the 8 position

(}_@_) to give intermediate 5 (7). Such an attack is highly unlikely,
P ad

however, since conformation 4b, necessary for this reaction to take
S

place, requires a 1,3-dlaxial interaction between the vinyl and ester
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groupings, as well as a boat like conformation of the cyclohexane ring,
At the low temperatures which would be utilized for this reaction, con-
formation 4a (which leads to the desired product A-3) should be greatly
A AAA
preferred,
Another possible difficulty concerns the nature of the R groups in

dianion‘&_. Ideally, one would desire R=CH,S-n-Pr or R=CH2N1'Iez for

2
reasons already considered; forming an anion A to sulfur or nitrogen,
however, might lead to direct elimination, While there is certainly
evidence for elimination of sulfur anions (8), it would appear that
lithium enolate anions of B amino esters are stable in THF at low
temperatures, This stability has recently been demonstrated by Schles-
singer and co-workers (9) who treated ethyl 2-butenocate gz? with 1ithium

diisopropylamide in an effort to generate the ester enolate anion 6,

CO,E+ Toﬂit aH 5
e:"—( Nt T ()7l N—"® '—-’( A
1
L ® Zu@ I/ i @
£ - 2 2

When they carried this reaction out in THF under a variety of tempera-
ture conditions (-400 to -1000), they obtained after quenching,nearly
quantitative ylelds of the liichael adduct’g: This implies not only
that the Michael addition is faster than proton removal from estar;z,
but also that the intermediate anion‘é'is stable under these conditions

and is not in rapid equilibrium with the starting ester 7 and diisopro-

P
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pylamide anion, If such an equilibrium existed, eventually only the
anion‘éLwould be present since its formation is certainly not reversible
under these conditions,

While the above considerations indicate the transformation of‘é:ﬂg
to ﬁ;é? should be possible, this intramolecular epoxide opening is such
a crucial part of the proposed synthesis that it should first be estab-
lished on a model, Esterification of the readily prepared epoxy alcohol
251(10) with 3-(N,N-dimethylamino)-propionyl chloride (i&a} Célso easily

prepared (Iij] would produce an ideal model compound 12z, The first

Y o
o
10 7]

a-= CHZNMCZ
step in the realization of this proposal would be preparation of this
model and study of the formation and reaction of its enolate anion,
If the lactone alcohol 13a can indeed be formed from epoxy ester 12a,
AnAA, I~

this would provide strong indication that the transformation of ester
A-la to lactone A-3a should be realizable,

If the ﬁ-amino anion proves unsuitable in the above study, then
a parallel study should be performed using the simple acetate ester of
12 (R=H), If the anion of ester 12 (R=H) can be formed and cyclized
A P eaad
to lactone 13 (R=H), then the overall synthetic plan could easily be

directed towards producing lactone A-3 (R=H) via cyclization of ester
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fﬁfﬁ (R=H), The method of Grieco and Hiroi could then be employed to
convert A-3 (R=H) to vernolepin Qﬁ;&), It should be noted throughout
the remainder of this discussion that merely by changing the acid chlor-
ides employed in this scheme, one should be able to produce lactone;5:2
with a variety of R groups,

Assuming the model study justifies our use of the g -amino ester,
then the problem at hand becomes one of synthesizing the alcohol é:é
for esterification (as per model) to giveiﬁ:ﬁg, While one might ap-
proach‘£;2 by more conventional means, it might be of great advantage
to utilize the methodology established in the model sequence at this
point as well, The ester'ﬁ;é, if subjected to the conditions used for
the model, should generate the enolate anion; +this would be expected
to close, giving the six-membered ring cis-lactone (stereospecifically)
rather than the less favorable seven or eight-membered ring bicyclo-
compounds (the possible result of attack at the 6, 7, or 8 position),
Again an intramolecular reaction would be employed to establish neces-
sary stereochemistry,

The key intermediate‘ﬁ;é,‘which by this route essentially defines
all the asymmetric centers in vernolepin, may be approached analogously
to Berchtold's irans-benzene trioxide synthesis (12a), Singlet oxygen

addition to 14 yields the epoxy epidioxide 15, which rearranges in

P

P
", ; 02 @ o, A L "l,'
QO — o —— "0
: 45° "
H o %
int /5 A
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quantitative yield upon heating to give trans-benzene trioxide..&é.
This thermal rearrangement of epidioxides has been performed in other
systems as well (12b, c), and it seems likely that the diepoxide;&:é
should result on heating epidioxide E:l.

Although lack of stereospecificity may be a problem, epidioxide
E:é should be produced on sensitized photooxygenation of diene EZEJ
Singlet oxygen participation in 4 + 2 cycloaddition reactions is well-
known to be a fascile process (13a), quite subject to the directing
effects of steric hinderance (13b). In the case of diene E;é, since
there are only trigonal centers B to the quaternary carbon, one would
expect no pseudo-axial or equatorial preference for either the ester
or vinyl side chain, Any steric shielding then, of the sort which
would accompany a rigid axial group, will not be present here; in this
case, the length and bulk of each side chain must directly determine
the amount of shielding on each face of the molecule, How significant
this effect will be in the outcome of singlet oxygen addition is un-
certain, yet for ester B-2 the effect must be at least operative in
the proper sense; and one might thus hope to obtain a preponderance
of addition from the side bearing the vinyl grouping,

For initial experiments, even a 111 mixture of isomers (if separ-
able) would be acceptable, If subsequent steps should prove workable,
then other ester chains might be examined on4§;2 to better direct the
stereochemistry of photooxygenation, Recent efforts of Corey (14)
have demonstrated that intramolecular gr-4 interactions of conjugated

systems with aromatic ester side chains can be used to effectively
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shield one side of a molecule and thus induce stereospecificity in re-
actions of the conjugated system, If the alcohol E:; were esterified
with the appropriate aromatic grouping, then shielding of the type ob-
served by Corey should result in photoaxygenation predominantly from
the side bearing the vinyl group, as desired, After rearrangement of
the epidioxide to the diepoxide, the aromatic ester could then be re-
placed by the aminopropionate to afford-ﬁ:é.

The synthesis then reduces to the preparation of the alcohol_E:g,
devoid of stereochemical problems, which may then be esterified to give
E:g, Simple lithium aluminum hydride reduction of the ester E;& would
be expected to yield the desired alcohol, and this unsaturated ester
should be the result of non-nucleophilic base induced cleavage (15)
of the tosyl hydrazone‘g:é, The hydrazone would be prepared under mild
conditions from the keto ester E:é, which would itself result from
acetylation, by the method of Rathke and Dietch (6, 9), of the enolate
anion of ethyl-2,5-dihydrobenzoate QE:Z) (16),

In twelve steps it may thus be possible to synthesize dl-vernolepin

from trivial starting material,
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