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“ - " OMBSTRACT ... sy
}f Studies on.the acid and base catalysed cyclisation of ‘the ’ ' .
3 g . o < oL
b diastereomeric compounds 2-keto-1-methyl-1-(2-(3-keto-4,4-trimethylcyclohexyl)-

G-nethoxy-3,4-aihydronephtha]ene (1) have” been nnesented. A novel _
" acid cata]&sed rearrangement of the named‘compéun?s has been shown.

The amino acid mediated aldg]\condensation:ceactidn of 1,5-diketones .

has been explored. The synthéses of .the on;ica{ly’éetive:compounds: '

(+)-1-(3,5-dimethy1-4- isoxazb]ylmethy]);SB—hydroxy—4aS—methylf4,4a,5,6,_V ¢
» 7,8- hexahydronaphtha]en -2 (3H) one {55) and (e)-l-(B-benzy]ox&butyl)7

3,5-dihydroxy-4as, 8aa d1nethy]decahydronaphthalene (82) have been

- -

2

ypresented "'
1-(3- Benzyloxybuty]) 75 (tert buty]) 12aa—cyano~4a8,6as,10b8-' '
.trimethyl-3, 4 4a, 4b 5,6, 68 7, 8 9, 10<10&,/QQ\11 12, 12a- trans-ant1—

'trans—ant1-trans-hexadecahiﬁrochrysen-Z(1H )-one (117),

a tetracyclic compound -having seven of the nine asymmetr1c centres
ol

of friedelin in the correct stereochem1ca] conf1guratlon has been

‘ synthesized.
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" For assembly of things, ) .
- Even molecular rings, - . L
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INTRODUCTION . _ =

The triterpenojds constitute a large group of naturélly occurring

compounds which are characterlzed by a basic C30 isoprenoid derived

skeleton13 14

<

» and which are found widely distributed throughout the

15; they'have a]so been foupd to-a 1esser extent, in the 1

16 , . o

-

° : plant kingdom

. animal kingdom

- LA

This grodp - of which over 750 examples have been reporfed to

17,18

date ’displays a wjde variety of structural types differing in

skeletpl framéwork and complexity. However, among the triterpenoids,

there eXists a predominance of polycyclic species, and #he majority
of the merbers of this group fall into one of about 30“basfc cyclic
ske]etons7, d1ffer1ng in the number -and array of fused r1ngs, the

L4

" structure and location of appended side chains and finally the

»

Cj ) . ~ stereochemically divetse array of methyl groups appearing on the skeleton.

- ‘ . P

v ) " It is convenient however, to classify the triterpenoids into three -

[} . -

'hejor groups based on key structures along the biogenetic pathway of '
14,16 : ~

@' this group. A )
- T o~ ) * » i ”

g (i) The acyclic triterpenoids e.ge squalene ']
(ii) The‘tetracyclic triterpenoidslg -'e.g. lanosterol II ,
(i1i) The pentacyclic tr1terpen01ds e.g. B amyrln I1I and friedelin IV

Thé latter group is by far the largest in number.

o — . RN .

\

a I squalene IL lanosterol

7. ) -' * Roman numerals are used for Introduction purposes whilst arablc synbols
will be used ghroughout the Results and Discussion.

w . - e
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.classes of triterpenes having modified pentacycllc skeletons, As an

~intervene in the biogenesiS'of friedelin. -

oI Z-omyrin ~ I¥ friedelin
.. ’ 3 .
B]Ogenet1ca11y the trlterpen01ds can be derived from: squalene I

1

by -a ser1es of concerted‘tyc11zatlons of 'squalene epoxide Y (trans-squalene)
followed in'madg instances'by Nagﬁer-Meerwein mig_rations20 of methyl
groups. 'This is essentwal]y the postulate of the Biogenet1 'Isoprene e

Ru]e which forms the tempiate for, tr1terpene b109enes1s proposed by -

Stork21 and Eschenmoser22 so that the d1verse structures and configurations

of the yarious triterpenoid skeletal types couldrﬁe dertved.:

o

Indeeq this model gave rise to a large number of hypothetical

carbonium ion intermediates which could serve as precursors_to various

illustration there are a number oficationic species (i-vi) (Chart A)

between the pre:lupee] qationic precursor i and friedelin IV whlch‘may

N L] &
\ ¥

In fact the isoprene rule hasubeen well authenticated along these °
‘\\_’/\
lines s1nce\tr1terp9nes which-are derivable from each of the illuStrated
\ -
intermediates by loss of an approp iate proton have been 1§olated from}_

vari OUS sources 17

The structural re{atlonshlps among the triterpenoids, based on
+ /

14

. -




the Biogenetic Isoprene rule have been reviewed23.

N

" CHART A .
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A

- in fact, yielded many new techniques and have fostered greater under-
"o h L

. : . g
- - *4
f
The rigid skeletal framework coupled with the stereochemical complexity

of the triterpenoids hinderéd progress in the elucidation of their

sfructures. It was not until 193724

that the structure of g-amyrin I1I
25 :

was elucidated and not until -1951°° was that of Lypaol VI assighea. The

/
advent. of speqtroscopic techniques and/more refined chromatographic

" methods has provided much greatér facility in the task of structure

. determination,as can be seen from the impressive growth in the field

over the past thirty yearszs’lg. Conformational ana]ysié, developed

by Barton jn 1950284 led to. the recognition of various structural types.
When proficiency in the field of structure elucidation of

triterpenoids was attained, efforts were turned to the synthesis of

tﬁese compouhds. Indeed,it was the structural and stereochemical

comp]exitjes associated with thege materialgithat attracted the synthetic

chemist to test and revise those methods of stereoselective directed |

total synthgsés that Qere originally put to use in the steroid fieldzg.

" The pioneering efforts in the field of triterpene total synthesis have,

standing of these complex systems. These past efforts have been ably

reviewed by ApSimon and Hoqper30. v !

PENTACYCLIC TRITERPENE SYNTHESIS . ;

In addition to.being fhe most abundant, the/pentacyclic triterpenoids
with their array of angular‘methyl groups and contjguous agymmetric
centres, are also the”md;t éomp]e;, from a synthtié viewpoint. |

™ Two basic provisions oversee.any approach to pentagyclié triterpene

synthesis: CFirstlyj-tbe>method for and sequence of assembly of the

polxcyclié array and secondly, steric control in 66mplex reactions.

~
P




. -2
The former aspect evolved quite readily from the steroid synthesis
' 29 ‘

}ield and Chart B illustrates some possible ring construction seduences
that could ]ead to a ﬁentacyclic arra}.

: The second criterion is newer both in concept and bractice SO

that only more recent syntheses ﬁisplay extended stereoselfctivity.

\

. Hence it is not &ifficult to visualize why the pioneering efforts
in the synthesis of éhe onocerin group of triterpenoidsla’;o

(cémpounds VII, VIII, IX) were so nonstereoseléctiyg in nature. These
syntheses relied upon the attachment of ;n AB fragment to a CD~fragment;b
followed by an acid catalysed cyclization to form the.g-Ga;CeGb* bond in
VIII and.IX. fhis létter bond formgtion lacks regioépgcificity, is
stereochemically ambiguous, and gives only low yields of‘th; desired

product.

“ec-onocerin ¥ -onocerin ‘tetrohym_anol
' >
yir pratg X

However, because of the further innovations in synthetic methodology ,

. -

~later syntheses30 - germanicol31 X, 1upe0132

VI and,alnusenpne33 XI-

‘were completed using elegant synthetic strategy in which .iaximum -
. . C

regioselectivity in all C-C bond forming steps was a high priorfty and.
each asymmetric centre waé introduced with high stereoselective

efficiency.
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germanical ‘alnusenone “wshionone

-

X : X . . X

- . Synthetic etrategiste have continued to make major advances/%n\‘

hthése areas as can be seen‘?Yon more recent syntheses of triterpenes
in which more oomplen membe;s of this group e.q. ehdonone XII26 and

Friedelin IVZZ-have been synthesized.’

RECENT TOTAL SYNTHESES OF PENTACYCLIL }RITERPENES . o

l_,l d1-Alnusenone : T |

14

co-workers recently deve]oped an alternatlve
I34

Ireland and . hi

»

"synthesis of dl-alnusenone\X

based on the polyene cyclization

methoda]ogy follow1ng the- pattern set in the elegant work.of Johnson, ’

Corey and van Tamelen35 . a b

The main disadvantage which attended the orlg1nal synthesis of

dl-d]nusenone30 33 was the QEIect1ve reduction of two d1ss1m11ar A and -

"k aromatic'rings. "The polyene cyclization approach offered an elegant )

method of developing a route‘which would give‘rise“to a noq-anomatic
r1ng E, thus avo1ding the select1ve.reduct1on prob]em. “The target

compound became the pentacyc11c enone XXVII which had been prev1ous]y
30, 33 :

converted to alnusenone XI

T

. \ .
. I .,.\.,;‘..")z»,‘,»_’ S

e,




, dl-shionone“”.

- R
v . !
A major part of the synthetic strategy used in this alnusenone . *

synthesis had just preViously been worked out 1n the synthesms of

2 The key aldehyde XIII , the synthe51s of which is

descr1bed in Chart C3§ wes the starting mater1a1

The h1ghllght of the sequence shown in Chart C is the stereoselective

conversion of the acetylenic moiety of the dienyne XVII to'lhe‘methylated

trisubstituted double bond of XIX via a sequence worked out by Coray37

which gave rise only to the Z isomer. - This sequence 1nvolved conversion

<

ofy XVI1 to the propargyl alcohol XVIII followed by reductive jodination
-and Tithium dimethyl cuprate alkylation to XIX.
T SilCHa)4
- CH3
1
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The ‘aldehyde: XII1 was converted‘jn 4 steps (28% overall yield)
to the 3-methylcyclopentenol system XXII1 (Chart D) which,as has been

shown by Johnson38, is an.excellent precursor for oxidative ring
';'{‘) . ® .
enlargement, after cycl@zatlon to a fused 2-cyclohexenone system. It
is noteworthy that only the enone XXII resulted from the.aldol condensation
: <

of the dione - derived from'ﬁydration desilylation and oxidation of the
. .

acetylene XXI - a]though two cyclopentenones could have resulted

Cycllzat1on of XXIII us1ng stannic chloride in d1chloromethane38b at

~78%¢ gave a.mixture of isomers XXIV and XXV in low yield. *Structural
assignment for XXV was made by converting both products to the identical

hydrocarbon XXVI. XXIV was converted to the enone XXVII hhich had

previously been converted ta dl-a]nusenqnego.

o . . . /

2 % Friedelin

- o

In an attractive and elegant scheme Ireland et a127, devised the

total synthesis of friedelin IV, which combined the best results

33

achieved in previous syntheses of dl-alnusenone XI aq9/65~shionone XII

Thus?, the first synthesis of friedelin IV (Chart E) involved the
L // S

diaromatic diether XXVIIL which is analogous to the 6ne‘useg,in the

synthesis of a]nusenone33 except that the aromatic ether substituents
v : . {
are reversed. The strategy behind such a modification arose from a two-

fold consideration. TFirst, it was felt that inversion of the sequence

of the aromatic rings'reductions and mod1f1cat1ons would greatly improve

the yields. Hence in this scheme ring A was modified before ring E.

26

»\



3
s

)

»

The second consideration bore out the first. Based on the shionone

26

synthesis ™, the modification of ring A involved a éationic cyclization

+

process (XXX - XXXI). Had a precursor such as XXXI¥, in which ring
§ .

E had already been'modified, beén subjected to such a process, then a
‘ backbone rearrangement as a result of the severe steric strains39 at
\ /_the CDE ring junctions, would most likely occur. ‘

"~ The diether XXVIf was prepared in a manper analogous to that used

L]
- ’ in the alnusenone synthesiss3. Selective Birch reduction of ring A

did result in higher yields and further modification of ring A via

Eschenmoser cleavage and cationic cyclization to the enol trifluoroacetgte

‘ XXXI along the lines reported for the total synthesis-of sh1onone26
proceeded smoothly. However, cleavage of the derlved cyc]opropyl alcohol

26

'XXXII did not proceed as it did in the shianong synthesis > and resulted

”1n 1ower yields, the compllcatlon arising by backbone rearrangement of

39 ‘The solution found was peduction of the

the pentacyclic system
aromatic ring E of XXXII prior to acid cleavagé of the cyclopropyl
\ alcohol. Protectian of the C-3 oxygen function ,.follnweq by
- - modification of ring E to that of friedelin IV along the lines of the

dl-alnusencne synthesis33. gave the natural product in 0.3% overall

, yield. The product displayed spectral and melting point'properties

. identical to an authentic sample as‘isolated from cork3g.

&
| ,
[4 -

9

+* See Appendix I for the Systematic numbering of typical triterpene

skeletons.
\
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3l steps,

3% overall .- -

yield



3 Formal Total Syntheses &f (+) Alnusenone and (*) Friedelin

¢

~ . Recently Kametani and fel]pw Japanese‘workers40 reported formal

tota],syntheses‘of t+ alnusenone XI and friedelin IV by virtue.pf the

33 27

steregselective‘syntheses of the two key diethers XXXV™ and XXVIII

. )
which have been respectively transformed into * alnusenone and %

33,27

\m . &
% Friedelin by Ireland ‘and co-workers

RI=C2H5
R2=CH3
R'=CH
R'O s 2
R =C2H5
It has been found that‘g-quinodiméthanes42 (derived from benzo-
cyclobutenes41) undergo stereo- .and regio-selective Cyclization reactions

andrsuch cyclizations have been applied in the synthesis of eétrone44

45. From this backgrbund

and of \Intermediates in the synthesis of atisine

came the idea that the A anq B rings-of a pentac&cle c%Uld be constructed

from the Tetralin derivatives which would result from the cycloaddition *

of benzocyc]obutene; to isoprene. Introduction of another benzocyclo-

butene re;idue with the proper structure to give rise fo thEPC; D and

E rings could then precede intramoiecu]ar cycloaddition leading fo a’
Vﬁentacyclic array. ’

The key bénfpcyclobutené-iodide XXXV synthesized via the scheme

outlined in Chart F, represents the unit which will correspond to' the '

C,D,E rings of intermediate diether XXXV .in the synthesis of t'alhusenone33.

-7




~CO,H
_ , Br E -CN
——-’- .
’ ~CN ' x O
C,Hs0 CHaCHL " RO
X =CO2H XXXV -R-C2H5 -
X =H XXXIIIE. R-CH3
CN CN
T »OT O |
C2Hs0 ' 7 CyHs a
.g’_'w
XXXVIla™ X=0THP- . .  XXXYI
XXXVIIR X=0H ¢ =~ - ' i
XXXVIIE X =0TS '
g | .
- !
05 O ,
3 % . \ -
» XXXNVAD.
CHART F '

The A and Br1;g system of XXXV was synthesized from the benzo-
cyclobutene XXXVIIb (Chart F) by the inter‘moleqﬂar cycloaddition of
the latter w1th isoprene which yielded the methoxy 1sopropeny1 Tetrahn
XXXIX in- 42% y1e1d together with a diastereomeric mixture of vinyl
Tgtralins XXXX also in 42% yiey (Chart G). Similar]¥ XXXVII yielded
v1 a the same process XXX\I/Xb én

/
J

XXXXb in comparable respective _yields.v

4

-




XXXVE . RO
. | | XXXXT R'=CH3 RZ=CpHg *
- : '. MRIFC2H5 R2=CH3

‘ .l 2= )
- XXXXIL: R'=CHy R%= C,Hg

m:R'=C2H5 R%=CHjz

¢ o _ " "CHART G s
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\ . .
Condensation of the isopropenyl Tetralin XXXIX with XXXVI yielded

the adduct XXXXI by alkylation from the less hindered site at C-1 of /
the Tetra]1n system (Chart G). This undérwet} cycloaddition (sealed ,§
- = tube at 210 215 C. for 3 hr) to the dﬁnltrlle XXXXII-1in 58% yield.

Convers1on of XXXXII via DibalH and Wolff-Kishner reductions along
46,36

standard lines* yie]déd the pentacyclic diether XXXV in 44% yield,

" the -spectral and melting point dataof Wthh were 1dent1ca1 to an authentic

sample33

Simi]ar]y, thermolysis of XXXXI1b derived asqin Chart‘g led to the

dinitrile XXXXIIb, which was converted ih 1ike manner to the diether

‘ -
XXVIIL, which had been transformed previously into (%) friedelin by

Irel and.27 .

APPROACHES TO 'PENTACYCLIC TRITERPENE SYNTHESIS

In additibq to the total syntheses previéusly described wherein
speqifit natural-products were the targetncompounds, a major part of .
the research effort in the-area of triterpene synthesis has been directed
towards devising general gntries into‘pent;cyclic triterpenes. To this-
- \A end there has been a plethora of synthetic reports in which arvariety
| of synthons have been proposed as suitable intermediates in pentacyclic |
triterpene syntheses. T ‘

v - Ireland and co—workers47 hdbe reported-an.entry into pentacyclic \
26,30,36

£

triFerpene systems. via the polyene cyclization approaches used previously
In thif_work47, the potential of the 4-methyl-2-cyclohexenol systems
XXXXIIf\(Chart H) as suitable substrates for initiation of the acid

catalysed cyclization48 have been explored. This is in contrast to the -

' cyclopentenol system XXIII (Chaf@ D) aqd appeared to have the édvantage




i

[N

of formation of a pentacyclic intermediate in which rfng E 1s already
%
- six-membered and bears the desired C-17 methyl group as a ¢is D/E ring

fusion. This avoids, the ne;essity for such a critical transformation,
‘ 33\

which has been inherent in the two previous approaches to * alnusenone
27 !

and to % friedelin

R
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The key aldehyde X11136 (Chart C) was converted to the cyclohexenof

system XXXXIII (Chart H) in good yield, but poor yields resulted from
38a

4

the stannic chloride / dichloromethane /€thylene carbonate cyclization

of the latter. However, the'stereoéhemicai soundness of this approaca.
pfom ted further pursuit. Conversion of the olefiﬁ XXXXVII to %he
pentacyclic ketone XXXXVIII peoceeded smoothly; however the serious s&ericv
congestion about the substituents at C- 2 as a result of the cis D/E ring
fusion and the prox1m1ty of the C-14a w-methyl group, thwarted all efforts
to introduce the gem-d1nethy] group into XXXXVIII. Efforts to effect such
a transformation are no doubt currently be1ng expended.

ApSimon et al have reporteq the convergent synthesis-of a pentacvclic

compound XXXXIX which appears to be a suitable ;ynthon in the synthesis
. / 3 . ‘

of pentacyclic triterpenes.

The two key starting materials used in this st ware the

© tricyclic ketone L49 and the tosylate LIZ?‘the synthesis of the latter

is shown in Chart I. Alkylation of L with LI via itsdienolate anion, using
the Stork methodsq gave the diastereomeric mixtu}e of diketones LII a

and b, after deketalization. However, base catalysed jntramoleéular
cyclization of LIl met with absolutely no success , although a wide

variety of bases were tried. Acid ;éta]ysed systems were examined and

jn boiling xylene with B—t&luene sulfonic acid as catalyst, LII

underwent a complex'rearrangement5 (See Results and Discussion -

Section I).

CHy0 O‘ *
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. It appeared that the C-10-C-10a double bond could be a major

. contributor to the failure of cyclization and to the Bropensjty for

rearrangement. Stereoselective h_ydrogenafcion49 of the double bond

yie]dﬁu\ghe mixture of diketpnes LIIL, both components of which appeared

~

to cyclize in boiling xylene with p-toluene sulfonic acid as catalyst.

" However one produetﬁcrystallizea after chromatographic purification

and based on its spectral characteristics was assigned the structure

XXXXIX. Subsequently this structure was confirmed by single crystal

?

x-ray diffraction. Conversion of XXXXIX into a naturél product is’

s

currently in progress. = =
L - )

As a result of their continuing interest in the AB + DE - ABCDE

51 have’

approach to pentacyclic triterpenes, Heathcock and co-workers
reported the synthesis of the. bicyclic bromide LIV which is a v%able .-

synthon for the DE ring system of pentacyclic triterpenes of the °
. : o ) o

- »
- ’

germanicahe class. . - . < ‘
Originally,a key intermediate in the s}nthesis of ‘LIV (Chart J)

was viewed to be the decalone LVI first p;epared by.Haisallsz, However,

'fai]ure to suftably functionalize the Iatter prompted the use of the

octalone LV (Chart J) as the key starting material. It is\interééting.

\



_Br'

LIV

CHART J -
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to note that the B-keta ester LVII seems to exisi totally in the

chelated enolic form based on its infra-red §bectrﬁm. Further Tithium »
aluminium hydéidé'reduction of LVII gave the equatorial allylic

alcohol LVIII in higﬁﬁQield indicatiqg unusual attack of hydride from

the axial direction. The peraxidation /Wittig methylenation route to

the bromide LIV was,chosen since elaboration of LVIII via the deriyed

* enpne gave very poor yields.An alternative synthesis of ﬁIV was reported previo

by van Tamelen53. ApSimon et al$4, have also reported a synthon o

corresponding to rings D and E of several pentacyclic triterpenes. This

synthon is the cis decalone LIX, the synthesis of which is described in

Chart K. . , \\ S
Catalgtic hydrogenation of the gey octalone ester LX, following

51,52,55 ‘

literature brecedents ,resulted in a'variety of products,'depending

on the conditions used, with the trans-fused-junction prédominating. Thus, the

haptophilic prdﬁQﬁtiésﬁof the ‘hydroxymethyl group of the hydroxy enone

LXb56 was utilized to reverse the stereochemistry of the double bond
— hydrogenation.."Catalytic hydrogenatiog of LX proceeded smoothly to

-gjve.the cis decalone LIX. B-Face alkylgtion of LIX at C-1 gave

disappointing results; although this group54/was able to obtain in

low yield, a product LXII (structure tentafive]y assiéned),from thg ~
”alkylation.of'the enol acetaté LXI with allyl bromide. Work is »

v

, .
currently in progress aimed at achieving g-face a]kylation at C-1. 4
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CHIRAL SYNTHESES ol
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. AL;hbugh much research has gone inFo the syntheses of racewic
penfacyclic triterpenes, very little has been done by way of‘bhiral
N . . syntheses of ihe said compounds.
Recently Heatbgock et a157 reported the synthesis of the bicyclic -
' <. enone LXIII in both its racemic form and as -its opticélly pure levorotatory .

and déxtFovatatory enantiomers.

e

Such an jntermediate is a suitable precursor to the AB ring systems
¢ < 0 ‘
A

4 ﬂ: - °
in pentacyclic triterpenes such as the amyrins and lupeol.
The key intermediate in the synthesis gf LXIII is olefinic ketal

- LXIV formed from the ketalization of the olefinic mixture LXVa,b and c,

{Chart 1) / ‘ Co
" The latter themselves were formed by the acid catalysed dehydration

of the tertiary alcohols LXVla and b.
’ Y

The most efficient route from LXIV to the gnone LXIII was found

. [
via the epoxides LXVII a and b, (Chart M) These epoxides were converted

.8

using lithium di-n-propylamide. to the mixture of alcohols LXVIIIL ab,
and c whiqh were oxidized to the desired enone LXIII together with one
third as much of the enone LXIX, the 1atter resulting from allylic
rearrangement of the intgrmediate chromate éster58.

. In the enantiomeric series, th?‘enone LXX was converted to the'

hydrogen phthalate LXXI and was resolved via the brucine salt.
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Selective preferential crystallization led to optically pure dextrorotatory
and levorotatory salts. Careful acid hydrolysis back to (+) and (-)

LXXI followed by base hydrolysis afforded 31% (+) LXK [a]y + 162.7°

and 28% (-) LXX [a]y - 171.6° as enaﬂtiomers which are liquids at

room temperature. Racemic LXX is a crystalline so]id(m.pt.88-89°C.)

;~—- Optical purities for the resolved alcohols were determined by Moshert's,.
\T method59 using the (+)-a-methoxy-a-trifluoromethylphenylacetyl esters
//ﬁ\, LXXII and LXXIII. Opfically pure (=)' L¥X ([a]D - 164.4°% was converted
’ via £he scheme already shown to the optically pure enone (+) LXIII
(L] + 66.9%). The levorotatory enantiomer of enone LXIIf
([a]DV— 67°) has the absolutg configuration required fo?_the AB ‘rings

of ‘certain pentacyclic triterpenes.

o

ml

¢

D L S IVIRN




RESULTS AND DISCUSSION

For many years, these laporatories have been concerned with the

synthesis of pentacyclic triterpenes (see Ref. 5 and pertinent references

therein). Essentially, the major thrust of these research efforts has

beé; in devising a geperal entry into the pentacyclicnarféy, which could

lead to different classes of pentacyclic triterpenes. However Friedelin

1V which, becaﬁse of its greater complexity has for a iong time been

synthetically elusive24, has for the most part served as a target

compound. L ' . -
hSynthetic c6nvergence and logistic economy have always circdmscribed

the synthetic‘routes of choice in these laboratories. However,lthe'

essence of the overall synthetic strategy of the group has been fhe

interlocking nature of the routes chosen. That is to say syﬁthons were

»designed in such a way that they could form part of more than onenroute,

.i.e. an E ring synthon for a BC + E ~ BCDE » ABCDE approach should be

’transposable without much modiljcation int?ran ABC + E - ABCDE approach.

The studies described in this thesis fall under this synthetic umbrella

and represent three different strategies:.(illustrated in Chart N).

1 SECPION 1: The BC + E - BCDE - ABCDE Approach.
2 SECTION 2: The CDE + A - ABCDE Approach.
3 SECTION 3: 'The ABC + E - ABEDE Approach.

Further, in as much as only very little effort has been.expended in the

4

- area of asymmetric synfhesis of triterpenes in general, it was decided

to venture into this area by gonstruction of a key chiral'synthon which

-
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‘ could‘bekelaborated via stereospeéific transformations into a chiral
—_— pentacyclic system. ' ' .
Based on ﬁhe methadology worked out in the asymmetric syntheses
of steroidsGO, the CDE + A - ABCDE route was chosen to explore this areas
Hence section 2 essentially descrjbes approaches tq the asymmetric

synthesis of a key chiral synthon which could corresppnd to the CDE

rings of a pentacyclic triterpene.

SECTION 1

The BC + E »~ BCDE -~ ABCDE Approach

Studies on the cyclization of 2-keto-1-methyl-1-(2-(3-keto-1,4.4-trimethyl

qycloheny)—G-methQ51}3,4—dihydr0naptha1éne (1a) and its C-1 a-methyl

pair of diastereomers (1b)

&
>

.,
« [

‘ In our Taboratories, the diastereomeric compounds la and 19} '
(Scheme 1) weé;’$§E§EQ gs pqssible‘precursors to the tetraé&clic ;rray
of 6-membered rings 4a and 4b which themselves would be useful synthons
in the synthesis qf.pentacyglic triterpenes such as Friedelin IV and
‘ g-amyrin III. |
- The promige held for the diketones la and 1b was based in part on the
;) encouraging results obtained {n a related study2 in which both components

of the mixture of diketones 5 appeared to cyclize under«acid catalyzed

conditions and the pentacycle 6 crystallized out,(see Introduction).
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Iﬁ addition, previous studies in these laboratories had shown

that the 1-a-methyl-1'-g-methyl isomer of 1b does cyclize under basic

conditions (tertbutyl magnesium chlbrideB) to the enone 7 (scheme 2),5

- whose Structure has been unambiguously deterﬁined by x-ray crystallography. -
Only traces of enone 8 were obgzined wheﬁ la was subjected to the same ;
i conditions. A low yield of the keto alcohol 9 was also obtained in
both insta@cesz. ’
_la  t-BuMgCl
1b DME/THF ‘

CH30

. SCHEME 2
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" Hence studies on the acid catalysed, internal aldol condensation

-
[

of la and 1lb weré undertaken. la and b were prepared by the alkylation
of the tetralone gﬁ w{th the tosylate_3_2 using the Stork mgthod4, followed
_ by cledvage of the ketal function. -

Refluxing of the diketone la and Q_in'xylene in the presence of
seven equivalents of p-toluene sulfonic a;id resulted in an array of
Dproduqts. Tﬁere appeared to be two major products, and analyticai
thig_}ayer chromatography (tlc) suggested that one of the minor products
corresponded to the enone 7. Chromatographic separation dfd provide
7 in very low yield ( cheme 3). ~ <
The crystalline major product of. this attempted cy<lization

(38-45%), has, after much deliberation, been assigned the naphthalenic

structure 19_(mpt.96-97oc), based on its spectral data.

- . 1

e
Thus, the infra-red spectrum of 10 displayed a saturated carbony]

-1

absorption at 1705 cm © together wi th characteristic anpmaeic absorptions

\ AL NI, o VR Ay AN
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(1612 cm:}; 2000 - 1750 cﬁ'l - overtones). The proton nmr spectrum
(Appendix 11 Spectrum 1) displayed, in addition to the methoxy methyl
at ¢ = 3.9 ppm, a low field 3 proton singlet at & = 2.4 ppm and an un-
resolved 2 proton doublet of doublets at slightly lower field. These
signals sugqfsted methyl and methylene groups as aromatic substituents.
Further, whereas the starting material displayed the required three

aromatic protdms signals&jn its nmr spectrum, that of lg_showed five

7 such protons. p

s
v.o

S The mass spectrum of 10 contributed toagreat extent in the
- T‘Essignment of its structure. Mass spectral benzylic cleavage in 10

would magan ]oss of a ClO 170 fragment, giving rise to a charged species

of m/e*185. . _ . oL

Ce _The hass spectral contribution to structural assignment of 10

_was tested by reductlon of the carbonyl functJon and compar1son of the

mass .spectrum of the glcohol this derlved to that of its parent ketone.

1

In the latter gase a NFlSS.fra‘ nt 1.e.3the same m/e L§5 was detected.
OH . - .

\

— c,;H,3o+ +

mfe 185 e .
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Finally assignment of structure 10 was-underscored by results
2,5

obtained soon after, in related studies in these Haboratories
It was fouagsithaﬁ the diketone i}_underwent an unusual acid
. ) catalyseg;féarrgngemgnt under similar reactjpn conditions,.to the
| dihydréanthracene 12. The structure of lg_wéé unambiguously determined

by éing]e crystal x-Xay diffraction.

|2

- ' ‘, A plausible mechanism for the rearrangement. of 1 to-10 is‘outlined in

> -scheme 4%, o . A - E -

» - §

E) - - N
* 14
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Extended efforts to grow a single crystal suitable for x-ray crystallography
in or@g:;to categorically confirm this sE;ucture 10 have so far béen ~ -
unsuccessful. X-ray crystal structure determination will reveal which
group - thg methyl or the ethylcyclohe;yl - did in fact migrate.

” Thehéther major product (18-22%),5 non-crystal line material A more
polar than the starting material, did not display the characteristics

desired for ah a-8 unsaturated~$etone in either its i.r. nor u.v. spectra.

It was not éharacterized any furthe}.

-

_ With the singular failure of the acid catalysed cyclization attempt
" to produce the desired enone 8, base catalysis was-investigated once
more. Since tert-butyl magnesium chloride was used successfully in the
cycliz§tion of 1b to prqquce 7 , then it seemed reasonable in concept =
that perhaps a stronger por more hindered Grignard base would possibly
bromote the aldol condensation.to produce 8.

The Grignard reaéent of choice was di-isopropylami?omaénesium_

: : , .
bromides«(j;C3H7)2NNgBr. This choice was based on-the sucdess of

Kishi's g dps to effeét'a crucial and.difficu]t aldol condensatidn
bﬁfﬂ?ﬁﬂ/{i: two moieties 14a afd 14b which eventually completed the total

synthesis of monensin 1§§.

+
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The diketohes 1 were therefore separated into their diastereomeric
component la and 1b by repetitive Hﬂ?.L.C. The stereochemistry of the
twé sets of isomers was assigned by monitoring th¢ basg catalysed
cyclization to produce 7 whose stereochemistry at C—14* had beenestablished
by x-ray crysga11ography. )

Thus, the diketones la were treated with 10 equivalents of the
freshly prepared isopropylamido Grignard reaggpt at low temperaturess,
followed by refluxing in T.H.F. for extended periods - up to 110 hours.

Thgﬁ% attempts also met with failure , only starting material
being,ré;overed’together with Tow yields'of a hydroxy compound -

corresponding on tlc to 9.

3
~

With the failure of both acid and base catalysis to promote
cyclization of ia to 8.attention was turned to the possibility of
activating the tetralone carbonyl to nuc]eoph111c attack and at the

<
same t1me 1ntroduc1ng the o-methyl~in some form, at the C-2 position.,

The strategy here involved firstly the epox1dat1on of the
tetralone carbonyl of the ketal ketqpe 16 - the precursor of la - using
6 a sp]fuy methyl1de7 in order to test. the stereochemlstry of epoxide
formation. It was thought that if the stereochemically correct epoxide
could be formed, then p?rhaps formation of thé-égoxide on a preformed
enol silyl ethér such as 18 coula be possibles. Th1s enol ether v1a \
sthe 1ithium enolate could then, perhaps, be induced to cleave the
,'epox1de, giving rise tq’the cyclized product 19 having the hydroxy

*
methyl function at C-13 in the stereochemically correct orientation.

7z

*Carbon numbering qualified by the superscript (*) represent the position
that carbon atom will occupy in the target pentacyclic tr]terpene . See
Appendix 1 - oleanane. . '
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The y]id)of choice was dimethyloxosul fonium methylide pioneered
by queyg. It was thought that such an ylid, rather than a sylfonium
methylide,would cause attack from the least hindered‘faﬁelo giving
rise to the é—eppxide which,if our concept was correct,should form the )
a-carbinol. |

Repeated attempts to epoxidize 16 using the conditions of Cor'ey9
':gave, in all instances, only the deketalized material la (i.r., n.m.r.
and m.s. identical to authentic sample). In'the event that these.
conditions for epoxidation were not optimum and in order to ensure

a more stable epoxide, the haloTethylaryl sulfonesll>were examined.

!
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Usiﬁg the phase transfer conditions of Makosza12

» the ketal ketone
}§:Was treated With éh}oromethyl phenyl su]fone11 for extended periods.
Mostly starting material was recovered together wifh small amounts of
(< 10%) of a yellow crystalline material, the i.r.'and n.m.r. spectra
of which showed’no epoxide grouping. ‘ a

. . It was becoming obvious then, that the diketone system 1 would

perhaps not serve as a critical syntgon in the general entry into

pentacyclic triterpenes. However its utility has not been totally
® ) ruled out, since lb does show potential as a precursar to g-amyrin
(scheme 1). Such a transformation is currently under study by other

warkers in these laboratories.
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SECTION 2
" The CDE + A -+ ABCDE Approach

4

Approaches to the synthesis of (+)-4b a, 8a-8, dimethyl-trans-anti-

octahydro-phenanthr-1(10a)-ene-2(3H ), 8(7H)-dione (36b ).

To date all total syntheses of pentacyclic triterpenes havg . C:iZB*‘
- been dtrected towards racemic compounds and only Oery little effort.
haslbeen expénded in thp synthesis of chiral synthons which could be
involved in a total synthesis.of an optically active natural product.
In ?act, asymmetric syqthesis 61 is probably the one area in whjch .
pentacyclic triterpene synthesis has not followed, "in concept and
methodology, the field of total steroid synthesis where asymmetric
transformations have been very effectively applied 60.

In this respect in total synthesis o% optically active steroids,
a most significanf breakthrodgh has been the exp]qitation of asymmetrigg]]y‘.f

62'65.' The essence of this

1 66

biased intramolecular gldol cyc?ations
triketones such-as

development was the discovery that prochira
20 could undergo aldol cyclizatioﬁs, mediated by optically activelaminpl‘
acids, to ketols 33_62 or_ggediones 22_63 in excellent chemical yields,

but more importantly, in-many cases, in over 90% enantiomeric excess 61, _

(schéme 6).

<™
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Since our objective was the synthesis of a pentacyclic triterpene,

_ friedelin IV in particular, in a sTng]e antipodal form, it became
\9
clear that the amino acid aldolization process offered the advantage
.ﬁ of the efficient introduction of the required chirality at an early
67

stage of the'synthetic sequence. Thus enantiomeric resolutidn
e could be followed by stereospecific transformations on the desired antipode
whiFh could eventually lead to an optically active pentacyclic triterpene.
Borrowing then, from the methodology developed for total steroid ’

64

synthésis and in particular from that by Danishefsky in his chiral

~ synthesis of estrone, we envisioned a proéhiral ketone 'such as 23 being
£ asymmetrically cyclized to the enetrione 33,' The latter coulds via
stereospecific transformations lead to the tricyclic ketone 25 which

could be resqlved prior to further stereospecific transformations, then

into (+) or (-)-friedelin. A retrosynthetic view of this concept is

shown in scheme 7. - ' . .
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In the-event,our initial objective became the dione 26 with

the methyl ketone protected as. the benzyl ‘ether of the- derived alcohol, b
and possessing the gem dimethyl group required at C-20* in ring E o%
Friedelin ]JV. The choice of the benzyl group as a blocking agent for

the C-2 ketone function of 26 was made after consideration of ther
conditions required for the asymmetric aldolization step which involves ‘
lengthy reflux-in the presence of mineral acid. The synthetic sequence

used to construct 26 is shown in scheme‘é. 'The bis annelating agent

29 was synthesized along the lines aéveloped by Saucy 68a and later used
by Treland 68b and by Boeckmann Jr., the latter being in studies. related
to silylated vinyl ketones 69.
B aq : 0 b OH
— T SN —
~0 | CN A CN
30 \ g
¢ 08z d OBz e v 0Bz
—_— —_ — '
CN . COOH - CH,0H

0Bz

29
08z .

o a) KOH,CH30H, 1 C4HgOH  b) NaBH,,
— Oy© ’ CH3zOH c)NaH, BzCl, THF/DMF

‘ ' ()D dIKOH, (CHpOH, e)LiAlHg, E1,0

o . .. " fIPCC,CHLCI - ) %% N MgBr
. 26 h)Jones Oxd® 2phase i)NaH,—
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.The direqt conversion of the cyanoether 27 to the aldehyde 28 was
attempted several times using diiscbutyl aluminium hydride 70 (Dibal H).
However, regardless of the method used or care taken 1in the workup of
'the reduction, large amounts of polymer resulted and the aldehyde 28
could be isolated in, af best,'only 38% yield. Hence, the "long route"
was chosen and as a consequence 26 was obtained in about 55% overall
yield from the cyanoketone 30.

The coupling of the vinylketone 29 to 2-methy1-1,3-cyc10hexanediol§
was best accomplished using the conditions of Danishefsky 83 (sodium
hydride/DME) which resulted in up to 92% yiglds. The conditions of
Yamada and co-workers 1 (triethylamine,‘refluxing THF) resulted in
lower yields. Fluoride catalysed lMichael addi‘tionj2 (KF,.refluxing -

. xylene) between the 1,3-dione and 29 also gave éood results but was
less attractive owing to longer reaction times and the inconvenience
of having to remove xylene from the product mixture. ‘

Tﬁe amino acid mediated intramolecular aldol cyclization of 26

was to say the léast diéappoin;inﬁ. The excellent condition§ of Eder63
were used, with-L-prqline as amino acid catalyst. Several attempts were
made at effectind this transformation. Various amino-acid-to-substrate
ratios (0.3-5.0 molar equivalents), different solvents (acetonitrile,

benzéne. toluene, dimethylformamide), extended reaction times (16 hr-120 hr)

[)
- . and at various temperatures, all gave very poor results. The best

results came from a 2 molar equivalent of L-proline to 26,in refluxing

acetonitrile in-the presence of a 1.0 equivalent of perchloric acid for‘
48 hours. Under such conditions 10-14% of enedione §l_[d]§3 = + 32.3°

‘was realized. ‘(ﬁppendix I1, Spectrum 2)

T
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31 .

The stereochemistry of C-14*of Q_L has been assigned on the basis
- of the requirement that -amino acids (or their defivatives) aof natural
configuration (L) induce tﬁf;gﬁealkyl configuration in Zompounds such

60,64

~ . . N .
as 31 . Because{of the poor yields in this transformation the

extent of optical purity in 31 was not determined. . Change of amino acid

to L-phenylalanine 64 failed to improve on these results.

It occurred to us at the time, that the_ggg:dimethyls'at the C-6
pqsition of the actyl side chain were major contributors to this_ a
resistance to cyclization, rathe}‘Ehan the conditions peéuliar to
asymmetric g]dolization. -This was fested by subjecting 26 to traditional
basg cata]yéed qldol cy;]izatiqn conaitions. Again. very poor yields of

.racemic_gl'were obtained;‘ Confirmation of our suspicions came from
our 1aten:workAin which an analogous dione without fhe aem-dimethyls at‘
C-6 did asymﬁetrica]ly-qyclize in'good chemical and .optical yields to
.the desired Ehone. (Described later in this seqfion). F
) The type of intermediate 32 pfbposed 62 for a Li-proliné catalysed
éyclizationvof this type is derived from the interaction of the praline

with one of'the two 6yclohexane ring carbonyls and held in a defined

conformation by hydrogen bonding as shown in Scheme 9.

<
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Such an intermediate 32 shows .severe steric crowding and it appears
. that {Qg necéssary overlap which will result in &arbon-ca;bon bond-
_formation will be virtua]lx non-existent.
Alternatively if one assumes carbinolamine formation 73¥then the
bulky proline molecule has to-attach itself trans to the bulky side

chain but cis to an angular. methyl group. This will lead to an

intermediate such as 35. ) ‘,

-

U
(, N
%, ~ -

The carbinolamine is then displaced by the enal function by backside =

h | displacement via a straightforward‘SNZ mechanism fhereby giving the

required inversion of configuration needed to form the cis ketol 33.

Admittedly such an intermediate is less sterically crowded, but its

formation, in the first place, is not very favourable.as the angular

methyl group will certainly offer a great deal of hindrance. -Thus,
regardless of the intermediate chosen, the favourability of reaction is

considerably low on steric grounds. The gem-dimethyls obviously ehhanced

considerably the steric crowding of intermedjateS'sz

or of potential
73 g

intermediates

. “ ‘ ‘

e
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It is interesting though,that the switch of amino acid to L-
phenylalanine did not improve on the proline system. It has been proposed64
that an L-phenylalanine mediated condensation proceeds mechanisticallyA
along lines similar to the amino acid esters and amides i.e. that o#

65,72

the enamine intermediate . (This mechanism is described later in

this section as it proved successfdi in\a related system). These enamine *
intermediates are much less subject to steric crowding so thatlone
would have expectéd some small improvement over the proline system.
It seems then that perhaps the gem-dimethyls may have.obstructed enamine
formation in the first place. It is now strikingly obvious to us after
thefb}EQOingdilemma that none of the bis-annelating agen@s of the type
29 reported in the 1iterature 73 conta{n the nucledphilﬁc éarbonvinvolved
{n the annelating sequence, which possesses a homo—neopentyl nature
such as C-6 of the octyl side“chain of compound gg.'

. Having failed at our initialxﬁis-annglation~venture we decided
to rep]aﬁ.oun strategy. It appeared that the easy accessibility of the
octalone 36 in high optical purity 63-~‘»and in large amounts méag~§£"ﬂw
per se avery attractive intermediate for the s‘&ysis of the chiral °

tricyclic ketone 36b.

‘

0O
36 (4
- Thus our new plan was to atpach a 3-keto butyl chain,suitably .

protected,to C-1 of 36. under conditions that would give mono-substitution




at C-1 with retention of -the double bond,

methvl could then 'pre'céde cyclization to form a tricyclic species

Introduction of the trans

-

w'analogbus":tg our original objective except without the gem-dimethyls -

already present. -The proposed route is shown in-scheme 10 ina

r‘ed:&rosj\thetic sense. , . e

w = =

19

! i ——

SCHEME 10 ° -

#he conditions of Eder et a1:63‘ 'Based-on the o_ptlcal rotations reportgd

by Eder et al the value obtained in these studies represents an optical .

yield of '78.4%. No_further determination of optical p.um}ty was done

on this compound. },“ A S
o ) - o

)

£

~

Y

-

. ‘ < i ' ' '
In the ‘event; then, the”qcta]one 36 [a]z +79. 5°was prepared using ..

Althouqh we were }nindful of the difficulties involved in the

73,74 o

alkylatlon at C—1 of enones sueh as 36 ,we dec1ded to test these

- ¢ ' o~

. tosylate 37

claims by attemptmg the, a]l\ylatwn of the mono keta] qf 36 with the .

10'0 (Scheme 1 1)

L% Yo
i

g
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—_— : X/\OTS | OTs-.g—@-CH—:;
[ £ A
"a) HOCHCH0H, stH, ¢H b) NoOAmy1,¢H
¢) LiAlHg, THF .d) TsCl, Py ‘
| *SCHEME 11
" . \\ .
. ' 7. o7 Attempted alkylation of the ketal 38 with the tosylate 37 using
| ‘ ‘the §jtork procedure4, gave only starting material and some deketalized ’
. : .* ketone. The I,3-diaxial relationship between ‘the axial methyl and c-1
- hydrogen that wﬂ-l.resu]t‘a&,a conseq;ience of C-1 alkylation e\!idently g
- obstructed any alkylation. > '
Becausc-:* of thé éﬁceraging results obtained bry Hajos gj_:_a_l_l_75 v
L - jn the C-alkylation of hydrindane enone syStems with .the use of the

non-nucleophilic bas‘e,' sodium‘methyl sulfi n_y’1 methide 82 (sodium pydride/DMSO). '

we decided to explore this area, at least to some small degree.
However pr'ior':' to attempting the Héjos pv‘ocedure-75 it was decided
‘1‘:9 convert our substrate from the ketal. 38 to the-.tetrahydropyranyl
| (T.H.P.) prc;tected 'alc‘ohol ‘de‘rive\d frgm 3l. This arose from a-two-fold

. )
o

-




. ' consideration. Firstly the ketal enone 38 had not been obtained in
very good yigld from 31 (66% maximum) and its purification involved
lengthy chromatographic ;separation, and secondly the alcoholic function
at C-8 would be required at a later stage in the synthetic scheme,
anyway. The latter con‘sideration s tems from our plans to use -the

‘ . hydroxyl function to direct the hydrocyanation 36 Bf »tﬁg:};.aane fun;tio_n
36. . Also the hydroxyl function would be ,nee‘ded ih the épectroscopic |
67

LS

determination of optical purity usin.g~ch1'ra.1 shift reagents ._‘Both -

these factors will be discussed in some detail later in this Section.

The -octalinone 36 was reduced to the alcohol 39 [c;]g:t_ +85.2° which
: was protected as. the THP ether 40 folTowing the mgthods of Piers et
‘ ‘al. 7'6, ‘Scheme 12. - ' L
0.
o« P -——_'
0
36 :
- . '. c
= ' ‘ o 37
O “ "
THPO - ‘ | THPO
42 .. - 4 ' L
_— ¢ v 9 — .
a)NaBH4-, EtOH b) DHP, CHaCly, HCI
cINaH, DMSO '
3, SCHEME 12 N




The method used in our attempts at the alkylation of 40 involved

firstly, preformation of the dienolate 41 (65°C, 1-3 hr ). Then the -
-alkylating agent 37 was added to-the enolate solution gt R.T.

Depending on the conditions applied after addition of 37, either no

reaction ensued or a product resulted in up to 35% yield, which from

its spectral data (i.r., n.m.r. and u.v.) ;55 assigned -the enol ether

structure 42. Reaction of the enolate/alkylating agent mixture at

_room temperxature for up to 40 hrs gabe only ;tarting material. The .

>

U.V. spectrum of the crude reaction product showed only the absorption
3)./<

attributed to the starting enone (241le = 15 x 10
Stirring at higher temperatures did give some reaction. The
optimum conditions were 16 hrs stirring at 100°C, which resu]teq in a
" 35% yield of compound 42. The n.m.r. spectrum of ﬂg_displayéd a one
proton broédened singlet and a one proton multiplet (prbbéb]y an.
unresolved doublet of doublegs) at 6 = 5.2 ppm and ¢ = 4.8 ppm respectively.
___The infra-red spectrum of 41 displayed the characteris£ic doubl et |
v absorption pattern for a di(en)ol ether; that at Vmax - 1615 cn ! and
1

1641 cm” .. The ultrayiolet spectrum of 41 displayed an absorption at

Anax (QH3OH)‘241 my (g = 14,000). These spectroécopic data, coupled
withyoliterature preceéents75’77 for: the formation and characterization ’
of §uchu0—a1ky1ated products prompted the di(en)ol ether Structure to
be assigned to 42. | |

Eollowing on the examg]e qvaajos et al 75, an attempt-was made

[ : :
to convert the»dj(en)o],ether 42 to the unsaturated ketone 43 via

mild acid hydrolysis. However'we only succeeded in converting 42 back

- - .

e
o
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THPO

N\, a3

39

Fo the hydroxy enone 39. Obviously protolysis ofethe "intermediate"

é_\f!_ occurred faster than alkylation.

Fji;l,o —
NV

THPO ’UHPO 44 -

S =
: : o
© 39 —Te +/#\/X |
o 4 ) 0o ‘ '

-

~

In the event, this failure to alkylate the octalinone 36 prompted
aﬁother reassessment of strategy. e were hesitant to abandon 36 as a
key synthon in this route so we decided to investigate the use of more
active alkylating agents.in an effort to effect the a]__k_ylation at C-i of.
" Two such alkylating agents were chosen. The fi rst/ were 1,3-dichloro-2-

8 79 O isomers 45b and 45c.
Br

butene 35a » and its l-bromo’~-and 1-iodo 8

cl




This choigg was made on the basis of the considerable success
~

~ obtained with these allylic halides in the total synthesis of steroids,78'810

~particularly in connection with the enamine alkylation methodology‘Bl,

Scheme 13.°

SCHEME 13
Further, the dichloro reagent is commercially available and the bromo

and iodo derivatives are readily obtained from the former.
0

. Cl } /,LL\ ) cl .
/,Ql\\\/,/ﬂ\\\ ; > ’//J\\\v/,/\\\\ ‘
CHy”” " ¢l | CHz” "N X

NaBr

or ’
Nal . X=8r or |

“These allylic halides then, seemed suitable reagents for use in

the~meta110enamihe method for mono-alkyla®ion of o,B-unsatuyrated ketones, -

K 74; and which purported to resolve that ever

first developed by Stor
troublesome problem. Thus, the plan became the alkylation of 39 (with
the hydroxy function suitably blocked) with one of 45a b or c via a

suitable metallo enamine.‘




Thus the alcohol 39 was converted to the benzoate 46 (m.pt. 87-38°¢)
which was transformed in excellgnt yield to the N,N-dimethyl hydrazone 47 @

using the method of Stork 74. (Scheme 14).

. o N-N(CHsz),
39 —— — :

Bz10 Bz10 _
- » )
, 46 47 .
| 0 ar
Bzl =~C C6H5 '
N-N(CHa), |\ —
c ord- (CH3), Te
leC) ._Sl ]
| o B d o
HO
48
" a) CgHgCOCI, Py  b) (CHz)a N-NHs, -

C6H5CH3 ,TSOH ¢) nBuLi
d) ( Y% NLi,THF e)45a or 45b

f) 6N HCI
N SCHEME 14

The nmr spectrum of 47 (Appendix II, Spectrum 3) reveals an interesting

phenomenon.  The signal .attributed to the methine proton at C-1 of 47

.,




&

shows up as two broadened singlets at § = 6,1 ppm and & = 6.7 ppm and
’ . . »

in the integrated ratio of 5:3. It appeé;; then that this proton is

exper{encing the anisotropic effects of the C=N bond broughf on by the
coﬁformationq] preferences of the N-(CH3)2 function 84. Systems such
as Qg_é_and'é_display conformational preferences and it has been found

that protons on the carbon which is alpha to-.the imino bond 84 reson;te

at lower magnetic fields when syn in a configuration relative to the
éroup, N(CH3)2 than when anti tosame. Values of Ad‘of'between 0.3 and
1.0 ppm have beenifound. In our system thén, it appears that 47 is
favoring the syn configuration 47b over the gﬁ;i configuratiog 47a
and in a 60:40 ratié. |

H 9

N—N
\

47a "47Db

—————

Two bases were used in thislexercise. Initial attempts were made using
n-butyllithium to generate the metalloenamine 50. However, regardiess
of conditions used it appeared that no alkylation was achieved, with

: \

starting material being recovered after hydrolysis of\the imine.- With
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n-butyllithium we attempted to generate the meta]]oengmine by extended
reflux in tetrahydrofuran (THF) 6-16 hrs, "prior to addition of the
allylic agenig. In this exercise the chloro-and bromo- compounds were
used as it proved extremely difficult to isolate the iodo-compound {n
a reasonably pure form.

With 1ithium diisopropylamide we did achieve some alkylation. -
/Preformation of the metailoenamine was achieved by addition of 47 to
the base at -50°C followed by two hours at room temperature. The-"best"
results were obtained when the allylic bromide 45b was added at -50°C
followed by overnight ref{ux. In such an instance the compound 48 1in
which alkylation “occurréd to thg "wrong side" was realized in up to
30% yields. The U.V. spectrum 6f 48 was identical to that of the
" starting alcohol 39. Its n.m.r. spectrum {Appendix II, Spectrum 4)
displdyei a single. proton broadened singlet .at § = 5.8 ppm- together
'wifh a sing]é proton unresolyed triplet at § = 5.6 ppm. The broadened
sfng]et, which was characteristic of the C-1 olefinic proton in the
starting octalinones, did not change or disappear on'shdking with 020
3 indicating thdt it was not due to the hydroxyl proton.}) - |

We then began investigating the second set of'hlkylating agents
chosen for this study. Based on the success achieved by Stork 85,

86

and later by Saucy ~, in the steroid total synthesis field with

3,5-dialkylisoxazoles as masked 3-oxobutyl functions8’, we decided that
the latter group was worth investigation in these alkylation reactions.
The 3,4-dimethy1—4-chloromethy]iéoxazo]e'§g_was prgpared in the

standard . manner 85:88 and we attempted to alkylate the octalone 36

85a

directly (Naf, glyme ) following the Stork, tradition . Again, it
Aha , \

became obvious that the axial methyl substituent .had a profpund effect

+ e v - e B b e wh e e e 1 Ammrmte




since no alkylation resulted, whereas Stork was able to achieve 70% yields

of 52 from the reaction of the octalinone 51 with 50 using identical

85

coﬁditions Scheme 15,

CH.CI

Nol1 0
CHy
glyrne
O-——-N : ~

\ Y/ CH3
N

50 51

— ——

52
SCHEME 15 -

" Thus we'decided to revert to the traditional dienolate conditions

of Stork4

,, Using potassium t-amyloxide as base. Thus addition of the
THP ether 40 to a solution of potassium t-amyloxide in benzene at 0°c
fo]lowea by reflux for 3-6 hours generated the dienolate 53. Addition
of the isoxazole 50 at room temperature fo]léﬁed'by overnight stirring
led to the a]ky'lated crystalline product (m.pt. 185- 186° ()54 in at best
46 _yleld . |

Acid hydrolysis of the THP'brotecting group 76 géve the crystalline
product 55 (m.pt. 112- 114°C) in about 40% yield from 40, (Append1x II,
Spectrun 5)5‘ Attempts to 1mprove these y ‘elds have so far been

unsuccessful.

i i are s hP Lt N, el <+ S
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— n

0 ox+H

a b,c
—_— f—1z
THPO = THPO
L J
40
d
S ——
-~ OH
24 D5

o) K“~EOH , ¢H b) 50
c) 2NH2$04,0°C d) TSOH,CH3OH°
SCHEME 16 '

The {soxazole alcohol §§ crystallized cleanly from ether-hexane and |
displayed a specific roﬁation [a]g3 of +136.5 . To date we have not
determined the optical purity of this material, since, as it will.be
shown, we suspén%ed studies on the isoxazole apprOach‘in favour of a
more promising and'more convergent approach.
With the a,8-unsaturated kéto-isoxazoyl system 55 in hand,
albeit in only fair yield, we set about introduction of the trans-methyl
group in some form,'af the C/D ring junction. This step had to precede
the c]eavage'of the isoxazole ring to the naked 3-oxobutyl- function.
The route of choice involved the coéJu;ate addition of hydrogen |
cyanide across the o,8-double bond of §§_under'kinetic cdnditions in

order to generate the trans carbon substituent - as nitrile - at the
89

C/D ring junction, according to the conditions bf Nagata Classically,

[N T a——
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according to Nagata 89. e kinetic conditions that ensure the trans

ring junction, involve the use 'of the HCN/Et3A1 reagents,36 whilst
the preformed reagent diethyl aluminium cvanide (Et2A1CN) exerts

thermodynamic control and thus generates the cis ring fusions in

.six-membered polycyclic systems such as 55. However, Ireland 36 has

: \
shown, as part of his route to shionbne 26

, that the presence of a
hydroxyl group (proton source) as in 56a effectively converts the much

more convenient diethyl aluminium cyanide process to a kinetic one,

-~
OH |
Et,AICN
° pH
CH30 CHy
S56a | ‘ 56b

thereby giving :he;E[ggizfused product 56b. As indicated previ
thi; ﬁrecedené was one of the cgntributing factors to the preparation
of the hydroxy octa]inone_gg'injthe first place.

In the event, we subjectéd the hydroky isoxazole 55 to hydro-
cyanation using the pfeformed reagent under condftions simila} to those
of Ireland 36. However the results were disappointing. On base |

\ ‘ !
hydrolysis of the reaction mixture we were able to isolate less than

20% of ihe starting material, whilst the remainder of the substrate-
) i
presumably reacted- remained. in the aqueous phase. Acidification of this
L
* phase led to the isolation via hot chloroform of a white solid , which

could not be redissolved in the normal bench top organic solvents viz

ether, methanol, efhano], acetone, benzene etc. " ) .




While pondering this dilemma we decided to test the conditions

-

of Vandewalle 0 for the generation of g-cyanosilylenol ethers, by the

trapping of ‘the intermediate aluminium enolate §6_c_ with trimethyl silyl

chloride. Scheme 17.

RpAICN

RS R4 ]

I I N
RL(;:r.Cz C:.Q “
N RAICN
| RoAl |

1,4 o‘dduct

R
g - @ CN

O—SI(CH3)2

- 2 p3 R4
(CHy)5SiCl PR R
N .. l_(|:__c C

SCHEME 17

Indeed when we subjected- the ke_ta] eno}le 38.to the Vandewalle

990

.work up procedure we were-able to isolate in fair-yield - up to 55%

of the cyanoenol ether 57, Scheme 18 . We believe that some 1osses

occurred in our attempts to purify the pmduct by-silica gel chromatography
This could haye led to some hydrolysis of the enol ether.

CN ,

0Si(CH3)3

LY

—_—J
7

——— ——

o) Ef2AIGN
o+ b TMSCI/Py

: c) lt'HACI dil HCI, NaHCO4
SCHEME_18
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. R

However, referring again to the Nagata conditions 83

,» the use of
~the pfeformed reagenf Et,AICN with the substrate 38 should give the
- undesired therﬁodynam{c cis-product. Hence to be 0% ahy vaidé in our
¥ seﬁuence the substrate for such a transformatioﬁ had to be the hydroxy

e

enone 39. ‘However, subjection of 39 to conditions similar to those to
which 38 was subjected, led in all instances to an array of products
none of which proved susn‘tible. to ready separation and ch{aracter.izat‘ion.
Obvdéusly the proﬁpn source ﬁn the latterlsystem not oniy destroyed‘
the.stereo- and regio-chemical_inéegrity of the process, but may have " v
. also served to hydfo]yse the enQJ silyl ether opce it was formed.
However, with regard to this cyanosilylation‘proceoufe 90, we
conceived that modificatioﬁ of the work up coﬁ@itions of hydrocyanation
of the isoxazole 55 to temporarﬂygis.o],ate %;he si',l,yl enol ether may add
a measure of success to the isolation of thé hydéoéyanatéd prodyct.
Thus,.a 1:1 b.v. ™S C]/pyridjne mixture was added to the
hyd;ocyanation of 55 reaction mixture at Q?Q followed by one hour
stirﬁing at 20°c. Isolation of thé product with ether/hexane followed

by hydrolysis with cold dilute HC1 solution led to a crystalline

"1 Et,AICN
>

~2)(CHg3sicl [P
. 31Ha -

 OH 855 - ' ~QH 58 :
solid 58 which decomposed at temperatures above 200°C. Compound 58

‘also posed éolubi]ity problems similar to those posed by the product

AT ks v WA TLSA $7 A% TLpewme s ammin s 6w a S et peemsim e snaas o e e A——b s i, bt S1m = mmt m mme e e . b v m e e e p— e ,WW
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of the 1n1t1a] attempts at hydrocvanatxon of compound 55. The lnfra red

7
L3

spectrum of this compound dlsplayed the: characterlstlc n1tr11e absorpt1on

-1 -1

at 2220 ‘m > and a saturated carbonyl absorpt1on at 1701 cm™*. Both ',

the in}ra- e spectrumkgnd the e spectrum (Appendix II, Spectrum 6-111
taken inkdeuterated pyridine) showed the integrity of the isoxazoie ‘
functlon - 3-prpton 51ngle;s at 2.3 ppmcand 2 5 ppm !ia]though in the %
latter, these appear to be unexpl1cab1y splltﬁ’

The Tow reso]utxoﬁbhass spectrum shows the expected molecular
ion peak at m/e = 316., Howeve - the combustion analyses of 58 have s
been‘the nost puzzling to date. Duplicate‘analyses of 58 have shown agf
’1.0% deficiency {n‘nitrogen and a 2.7 % excess of Carbon. “As_yet we
Tare'at a loss to explain these,findings, The high resolution nass spectrum

- v . .
% - . . I3

determination of'molecular Weight has not been received to date. .- °

.;/e - In an effost to convince ourselves that hydrocyanat1on was in

! .
fact tak1ng place, we undertook to attempt same using the true kinetic

conditions viz HCN and triethyl aluminium 91.“ The procedure ‘of Nagata

was fo]]owed whereby 55 ‘was treated w1th three molar: equ1va1ents of

éz

-

_the HCN/(C2H5)3A1 reagent at room’ temperathre followed by several hours

“stirring. ‘ ST
. T

-This led to a compound which appears to be. 1dent1ca1,1n all

respects to 58 even to combustion ana]ysis va]ues.
To date we have not rationa11zed these dlscrepanc1es, since at ..
that poxnt we suspended work in this area, in favour of a more promlsIng

route Whlch was‘based on our original stnategy

-

Houever. it should be’ noted that the 1soxazole route is st111 a

*

viable o‘ ]he compounds 'lnvoly_ed in this .approach all appear to h_e

5, -

," "‘ - - .
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s & : L
. . . - - . . N

[}
e i s A ot i e - e oy et ey e bt = Foamt o e
[ L8 .. . e :
- - .
¢ . L . . -
.

1
v

L

B



) , . , -

,‘highly crystal]ine in nature. Hopefully the dominant 1somerfean be .
selectively crystallized, thus eliminating the necessity for chemical
Tresoﬂution at a later stage in the synthetic pathway. |

) Der1vatlzat1on (to reduce polarity). folld&ed by reduction of

the nltrlle, (lf it is in fact/present) and cleavage of the isoxazole

rlng w111 give clear indications as to the- ‘structure of 58.

In our studles concerned with the ABC + E -+ ABCDE route; we-

found that fhe'1,5 diketone arising out of the alkylation of a ketone

N enolate with a-bis-annelating reagent analogous to 29 (scheme-8), but '

.withqut the C-6 (octyl side chain) gem dimethyls, appeared to cyclize o
in excel]ent yield. 'See Section.ill for these details. ' ~
\?T\ ) Therefore we dec1ded to re-assess our convergent synthesis with

the view to prepar1ng the trione 59 which does not have the C-6 gem, ~

- ’0

- - '
. dlmeth_yls . \ . %

We thus prepared the bis-annelating reagent 60 s Scheme 19

(

(Append1x 11, Spectrum,lO)lnea manner sxmilar to that used in scheme 8.

,/U\/Cf?zﬁf + AN —

. G)NGOEt, EtOH - b)IN02C03;A . Ha0 - c) NaBHg,
© CHOH  dINaH,BzCl /THE/DMF €] KOH,HOCHoCHo OH, 8 -
fLiglHh ELO  g) PCC, CHaClp  h) ZXNMgBr, THF

.._‘ i) 2- p se Jones - F'j) q ,NoH DMF
- A SCHEHE 19
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- following Danishefsky's'conditions

. Spectrum 7). , : e

C ‘ ‘
Coupling of 60 with 2-methyl—1,3-cyclohéxanedione under

Danishefsky's conditions 83 resulted in the trione 59 in excellent yield.

- 3

It is interesting to note that the mass .spectrum of this material does .’
not show a molecular ion peak at m/e-356 but displays a base peak

at.m/e 267 as a result.of the cleavage of the,benZyI ether, -M+191 = 265,

Fs
-

4 : +
‘ Y -e
C'S”“O{?\‘i/“C H2 —| CsHz304 | T @

[ ]

m/e 265

Our initial attempts at asymmetric cyclization used L-proline as
amino acid catalyst. However, chemical yields of the_bctalinone b were.

not satisfactory - less than'50%. Howeven*ﬁhen L-phenylalanine was used;
64

[y

,wihe trione 59 was converted to
the enone 61 [a]D -f36 .9° in almost quantitative checha1'yie1ds and
in hlgh optical y1eld as well. Scheme gg;. R ”

The intermediate®proposed for the aldolization process is the

epamino species’ 62 wh1ch results from attack of the chiral am1ne‘qomponent

. at one of the. ?9ant10top1c cyclohexanedione carbonyls. - The crucial

qyc11zat10n which resu]ts in the formatlon of C-13*-C-18* bond, then

.,occurs, leading to the immoni um spec1es 63. Hydrolysxs—dehydrat1on of

the latter proceeds smoothly to the desiréd enone 61. (Appendix -II,
. - i

~

& -
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65

0Bz

0Bz

63 20

N o a) L-phenyldianine,CPeN

_b) 60% HCIO,4
SEHEME 20 ° N

With 61 in hand the task of highest priority became the

‘determinétion of enantiomeric purity. The method of choice. for such a

determination was one involving the use of+a chiral shift reagent 3 to

>

induce differentia]ychemica]\shifts of the C-14* angular methy] signals
“1in thg nmr épecthum of the optically active materiai §l_fndicating |
'udiréétly the ratio of the compoqgﬁt enantiomeﬁ%t To maximize the
effect of the chiral shift reagent,.a suitab]e anchor had to be provided
in proximity to. the angular C-14* methyl. A hydroxyl functjon at C-4

~in gl_could serve this purpose and hence 61 was converted to the hydroxy

-~
>

- - e
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23 _cp 20 yio . . .76
enone 64 [a]y™ =+56.3" via standard sodium borohydride reduction “°.

OBz /, 0Bz

o

61 ' 64

The chiral shjft reagent chosen was tris-(3-hepta-fluorobutyryl-

d-camphorato) europium (111) Eu(hfbc)3 - 65 introduced by Fraser 3,

NotYs
65 :

Figure 1 describes the results obtained in this study using an.XL 100-

n.m.r. spectrometer. The signal for the C-14* methyl group of 64 has

66

moved dramatically downfield ( up to -8 = 2.7 ppm) with inéreasing L.S.R.

| concentration. Further ; this signal resolves into two peaks , each
arising from the C-14* methyl group of the component enantiomers. .
Integration of thegg signals indicates that 64 comprises about 80%

of the 'desired R-(C-14*) enantiomer (i.e. enantiomeric excess of 60%).

»

We have thus succeeded in establishing the key asymmetric centre at

C-14* in high optical yield .

~
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68

The next task in hand was the introduction of the methyl group
(initially as cyano) at 'C-13 in order to form the trans C/D ring junction.

Again the method of choice was the convenient diethyl aluminium

.¢yanide procedure in as much as the substrate 64 possessed the hydroxyl

function required to make this process kinetic.

Subjection of 64 to hydrocyanation conditions similar to those
of Ireland °

» gave excellent yields of a wa;y‘semi-solid to which we

initia])y ascribed the structure 66 (Scheme 21), based on literature
precedent38’89.

OBz 0Bz

0Bz 0Bz

‘ a) NaBHA,4 ,EtOH
' | b) EtzAICN , ¢H

c) Jones. reagent (2 phase)

d) HCN / EtzAl, THF
SCHEME 21
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Proof of)the stereochemistry of the C-27* nitrile in §§_La]§3
+ 23.4° was obtained by comparison of its physical and spectral ‘
characteristics with those of the cis cyano compound 68. Hence 66 was
oxidizéd to the~;£gg§‘cyano—diketone—gz_[aj§3+10.6° and the ene-dione
61 was hydrocyanated using the conditions identical to those- td which )
the trans hydroxy enone 64 was subjected, yleldlng the c1s diketone 68
[a123+0.8°, |
Although the hydroxy compound 66 résisted all efforts at crysta]iization,
Fhe dione 67 crystallized ffom ether-hexane'quite easily - (m.pt. 96-98°c)
The cis compound 68 is also crystalline -(m.pt. 84-86°C) | | ¢
A major contributor to the assignment of stereochemistry in §g .
comes from a comparison of the infra-red spectrum of 66 with that of 68 -
- - Nagata %6 observed a correlatlon between the confléhratlon and 1nfra red
band 1ntensxty of the cyano group 1n fused cyclohexane ring syvstems.
,__»-~\é_\-_kxffgata 36 generalised that an equatorial cyano function shows a higher

C=N bdnd intensity than an axial epimer, despite little fluctuation of o

the absorption maximum in both epime}s However a somewhat detalled

. .
ket ey & o me vamgiat 4

theoretical treatment of these observations-led to- the conclus1on that
should the structural environments surrounding the C-C=N bond be vewe
simi]ar or equal, then the increase in C:=N band intensities are governed

mainly by the number of C

g C bonds that are Qaralle to the C=N bond. (Bold ' - v

11nes in 70 and 71.)

— ™
\ Y.
& Je; ¢ y R
N:c 7 j \L.. \
e« /B; 7
%
, v A
‘Y
70 AN
cis {eq) C trans (ax)

steroids : R=CHz . |
19-norsteroid type compounds R=H

NP Y e
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In our studies, the trans cyano compound @Z_wi]l have one such

CB-CY parallel bond, as shown in 72.

. BzO

CN OBz

On the face of it, the cis isomer 63 should have two such
parallel bonds (cf. 70). However an examination of the molecular models
reveals that because of the eclipsing of ‘the C-2-keto funttion by the
1-methylene group of the C-3 butyl side chain, compound 68 would
be expected to exist with ring A in a flattened chair-conformation,
such as-shown by 73. In such an event, the two 8,y bonds that would
normally be parallel, (cf!70) are in+fact not parallel to the C=N bond.

Hence, based on Nagata's conclusions, one would expect the trans material

to display nitrile absorption intensities greater than the cis material.

Fig. 2 shows the results of such a study. ‘The intensities of the nitrile

absorptions are measured relative to the carbonyl absorptions. Fig. 2
shows that the relative 1ntensxty of the C:= N/C~0 in-the trans isomer 67

(72) is about three times the value obtained for the same relative

a—

intensity in the cis compound 68 (73). In order to confirm that our

£3:3 = 47.3°

via the fully kinetic HCN/ ;sAI method by- which.accordlng to Nagata 83

arqument was indeed true, we prepared the trans compound 69 [a]

'and supported‘by the large majorlty of literature precedents, the trans

fused cyano function is normally produced. Fig 2 (C) shows that the \
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72

N
-

relative intensity of the C=N/C=0 absorbances is closer to Fig. 2 (A)-
the §g§g§_éompound 67 and again approximately thyee times the value-of
that of the cis compound 68. It appears then.that this work supports
the findings of Ireland 36 in that the traditionally thermodynamic
conditionsyof hydrocyanation can be effectively converted to the
kinetic conditions, thereby producing the Efggi.fused cyano-ring
Junction. We have found, however, that with a carbom substituent

g to the ketone and y to the angular cyano function, then Nagata's

" findings %6 concerning thes.intensity gf the cyano absorption appear

to be reversed and may be explained on steric grounds. We have obtained

" results based on the tetracyclic species (See Section III) which support °

oour findings on this issue. Model studies to investigate this phenomenon

drg currently in progress.
| The next task in hand became the reduction of the nitrile function‘
to the methyl, followed by deprotection of the benzyloxy function,
oxidation and cyclization to give the trxcyc11c enone 36b.
The initial transformation in this sequence, that of nitrile to <;~
methyl provided many more.problems than were anticipgted.f%ﬁe initially =

attempted the traditional r‘oute_89

of (a) protection of the ketope as ketal,
(b) . reduction of the nitrile to, imine, (c) Wolff-Kishner reduction
of the imine to methyl. Scheme 22. The ketal 74 (n.m.r. - 6=3.8-

multiplet-4 H), was subjected to Dibal H reduction to the imine 75

. (e, 1620). However,?dlff—Kishner reduction ?7 employing the Huang-

Minlon modifjcation gave less than 25% of a compound whiéhrfrom its

proton n.m.r. and i.r., was assigned the structure 76. Repeated attempts

to improve this yield were fruitless. Obviously the aldimino group in




™

0Bz

0Bz

¢ - ——m—— r——-—-l - ‘
*" a) HO OH,TsOH,¢H b‘)Dibul'H,d)H

c) NHyNH,, KOH , Hp0, T.E.G. ‘
SCHEME 22 |

"+

75 was not reagftive enough to undergo Wolff-Kishner reduction %8,

98,36

Addition of hydrazine hydrochioride to imbt’ove reactivity

towards hydrazone formation, would have cleaved the ketal protecting

\ ’ .

group.

Ay o i o e 'y ud
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We next turned to the conditions of Meyer™ by which he was able

.

to convert the cyano ketaester 77 (Schgme®23) to the methyl coMﬁbund 79

CN | . ™ NHz = .
TiAlH 4
: —
"C0,C | e
2 ZH_5 N ] OH
Y& % WK T8
’ H
4&“7C)H ’ E
79
SCHEME 23 D

-

-

in extremely high yield. In this case,the hemi-aminal 78 prevented

further reduction of the nitrile function to the amine,

.

In the event, the cyano ketohe‘gl_was reducéd using excess Dibaly
to the hydroxy i@‘pe 80 (Scheme 24):J:A1though not used by Meyer, we
. employed hxdrazine dihydrochloride in addition to hydrazine hydfate in

order to ensure sufficient reactivity of hemi-aminal 81 shoudd any be

-
~

formed.

o

\ We have been able to isolate compound 82(Appendix II Spectrum 12)

[a]g3'5+]9.90 but as yet in,aﬁi yield which is far from satisfactory.

-

“f

74

\

y
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7 0Bz S
'
b
—_— .
,i\ e
' . o) Dibal H,¢H = _— . .
i~
b) NHzNHZ, NHoNH, 2HCI, .
A
. . , T.?G, KOH - ’ .o
\ S " 'SCHEME 24 - - .
! Further, two ,other; materials .were also isolated in very low xield,s_,\ani/ ‘
. 2 . \ -
" were assigned structures 83 and 84. Compound 83 {12%) appears to be
- .an epimer of 82 - based on its n.m.r. spectrum which is very similar to
. -
)
- - - ) /l!
83 " ;
v + that of the latter. With six ghiral centres }Jresent in tﬁe molecule it |
[ . -‘ -t " ’ ‘ . . ’ : . o . | -
o - - . »-e v I . \ v (‘




v v

Ml . U
.

76

[ . v } -

is impractical to try to denote,exact]y yhich site or sites are epimeric

v

in 82 and 83. ) ' S [P «
- -._- i . 8, - R
T TTSuch small amounts of 83 have been isolated that no further

- .

‘characterization was attempted. In the samepway, compound 84 (17%),

13

was. ass1gned that structure based on spectral data, the 1, r. Spectra

_ showing retention of nitrile and the n.m.r. spectrum'not show1ng the

presence of an additiona] methy droup f: T . ‘3
| Rather than proceed any further towards ach1ev1ng thg synthesis * .

of “the target compound .36b, we dec1ded to expend our. efforts effectmg

‘the transformation of cyano to methyl in acceptable yle]d We are

current]y taklng two approaches,.--First it 15 ‘considered that perhaps -
]

-

. the react1v1ty of the cyano group may.be enhanced 1n‘a“more rigid.

structure as wou]d be Ln the case of the tr1cycl1c enone 85. That is, N

g
g

T I 1 S

perhapefif we,werefto proceed to®ricycle -prior toltransfonnation of -

- the_nitrile, then the latter may be more. amenahle toJreduction. Hence

‘the cyano ketonefﬁl was“deprotected whlch led to.a mixture of free

~hydroxy and heml-acetal dampounds 86 and 87 respectzvely. Scheme 25
AN _

ot




C e

. - )
&, b T -

. 88
a) Hy/Pd , EtOH - - = -,
. )b) 2 phase Jones . o »
. SCHEME 25 ) _ v - :
Two phase Jones oxiddtion -Led to the crystalline triketone 88 !

“(m, pt104 106°C) ih falr y1e1d : “:

Attempts a‘e currenﬂy,underway to 1mprove this yle]d using
pyndlmun. chlorochromate .and_to devise an effective method ‘of a]dol

—

c_yehz'atwn under cond1t1ons m11d enough to avo1d affecting . the mtrﬂe

. ; The second appnoach mvo'lves the protectm,n of the WO keto™

fuﬁctmns of}the c_yamo d1ketor?e 69 “or of the two hydroxy functmns of

1ts reduced analog 89, w1th su1fab1v ac1d stable protectmg groups, '

. ":h . . ) 89 B 7 ;ﬁ_ > ‘.. B .. :
S0 that the . nitrﬂe could be reduced with acid hydrolysis .to ;he aldeh_yde
- .

.}~.




-

", The ]atter could then be converted to the 1,3- dlthloketal and hydrogenc-

1ysed using Raney mckel or be subjected to Wolff- -Kishner reductwn with

»

“the hope that it would be more reactive towards those conditions than

.- .the 1m1ne has been so far. ’ v

3

S " These two approaches are currently being pursued in an effort to

obtain our target material viz 36b in high overall chemical and optical

- N i’ ©
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SECTION 3 .

THE ABC + E ~ ABCDE ROUTE

Approaches to the synthesis of:9g-(tert-butgxy)-6ag, 8agy 12bg, 14aa- -

tetrameth&l—],516}%a,6b,7,8,8a,9,10,1],1§%J2a,12b,]3,14,14a,14b8-

«. oOctadecahydro-trans-anti-trans —anii -trans-anti-picen-3(2H)-one (120)

1 4

30

Ear]ier studies in these 1aboratorie5102, revealed that the

.eas11y'§ccessable trlcyc]1c dienone 1\gl_cou1d be made to react via.its

dlenolate anion 4 w1th the tosx]ate’?ﬁs?‘1n high yield. "Scheme 26.

~

Further, the crysta111ne dlastereomerlc d]ketones 92 wh1ch were

' f1nseparable by chromatograph1c methodstkappeared to res1st hydrogenatlon

. of the two double bonds under neutra] cond1t10ns and us1ng Pal}adlum as *

-

< o

79

/ e -t
catalyst. prever when subJected to the cond1tlons worked out by *!k“- .

S




1 OH .

.0) NaBHg4, CoHsOH D) C,HsCOCoH3 , NaOCH3,CH3OH
~¢) KOt-Amyls, §H d) (3), OH e) (COOH)7 , CoH5OH
. ! SCHEME 26

ApSimon et a1%9 (pa]ladium/charcoal boiling p-xyiene 5_days) which‘

' leads to trans -fused rang Junctlons, the diones 92 appeared to undergo

" an 1nterest1ng rearrangement first noticed in attempts to hydrogenate

03;. Presumably, the C-5 (4b) double bond .

the trlcxcl1c ketone 91
of 92,because of the prolonged hydmgenatton cond1t10ns, appeared to .
.:be protonated resultmg in nngratmn of the C-8a methyl group to the -
'C-4‘b.“p<351twn. 1,2-hydr‘1de smft‘,v fac111_ta1;ed by the lone panj on

‘ Qxygeh‘fihen gave rise to the keto-product 94 - (Scheme 27).

<




24 f . .
h J Al ? 95
. | =
a) HZZPd ,. P-xylene ,
b) TsOH , p-xylene, & .-
- < . VA

1
-3
i

Further, the C>10 (10a) (C~

a lever for rearrangements

tri ketone 94 using toluene

to the pentacyc]ic materia‘

at C-1 6f 82 (c- 14*) has m‘grated"to' the C-13* position in order to
aHow conJugatlon of the (C -7*-C-8)* and (C-14-C-15)* double bonds.

I‘t thus ,became obvmus that dienolate alky]qt1on of the tricyclic
.A_ketone 91 -gave products whi\ch-fesisted transf'ormatiop\S\t-o the desired |

';matema'ls. o

We thought then, that

double bond obstacles would be» to reductwe] y alkylate the triketone

SCHEIE 27

¢

7 08*) double bond of 92 (94) proved to be

as well. Attempted cychzatlon of the \
sulfonic acid in boiling g-xy]ene%- led only
95 in whtch the methyl group, originally

.

one way to ehmmate at least one of the ‘

"




Ya,

91 using the Birch nethod 104 aij/using the conditions developed by

stork 0%, by
. i :
. However, we felt sure that the tosylate 3 would not be ﬁctive

enough to trap, in situ, the enolate which would result from the

Tithiumzamonia reduction of the enone 91.

‘Hence we decided to trap that enolate as the trimethy]silyﬁ enol

f - ether, following the procedure of stork08,
L In the -event, the enone 91 was converted to the tetrahydropyranyl
.* ‘ ether 96 and was then subaected to. the reduct1on/trapp1ng sequencelos. e
(Scheme 28) - \'- oo - . " ‘
. ~ o c Co A§
i
.
i
] !
.8
]
:
« |
\kr M%t
: a) DHP, CHaCla , HCI i
T - BILi/NH3, - OH
 s.c)DME, KMS&I N
SCHEME 28 ;
7 - T
. However, 1H'several atiempts the.bestfyield of the enol silyl ) -
ether 97 (Appendlx 11,Spectrum 13) realised was 48%. Further,
- . chromatographIc pur1f1cat10n of 97 always served to deter1orate these

- yields by hydrolysis of the eno]nether to the saturated (en)-ogs 96b

e




Q
3
0
0.
96b
. : . -
In-any event the Tithium enolate of the waxy-semisolid 97 was N

?

regenerated using methyl lithium in diméthoxyethaneau—Ireapment of |

this enolate with the tosylate~3 led only to saturated ketone 96b

kY
\

\

PR

’

Various modifications of reactlon cond1t1ons (time, - temperature, reactan§

-

:’

ratios), gave no indication of alkylation.

It seemed fo us then that a better strateqy would be to eliminate

the C-5 (4b) doub]e bond from the enone, 91 so as to avoid haying to
£
remove it hy two or three transformatlons later on in the synthet1c

_ route. Secondly, we dec1ded that -the synthon 3 was not a good one

-~

in th]S route owing to (1) its relat1ve inactivity and more 1mportant1y

(ii) its racemic character whiph meant that 50% of any alkylated Product

obtained would lead to unusable isomer having the undesired'stereb:

chemistry at C-17* '

T .

' Therefore ‘our key 1ntermed1ate became the tr1qyt11c enone 98 and

the s11y1ated v1ny1 ketone 99 The 1atter blS annelat1ng reagent was

»

83




"84

chosen since silylated vinyl ketones69’73 have found wide use in
. — : ’ -

organic syntheéis, particularly in the steroid and terpenoid syntheses

69,73

fields Such materials have been found to be much more stable

Qo'alkylating conditions of normal ketones and ‘enones, than their

undi]y]atcd counterpart5107, such as 29 (Section 2).

0 C)-Li+
-. _POLYMER
» Rp -
“ SiR;
T L1000

_\*Q "%he tertiary alkyl silicon group‘appears to stabilize the’intermediafe
‘ negat1ve charge (in 100) generated so that Michael addition proceeds

faster than polymerization can take place. 107

For-tQ1s reason
sflylated vinyl ketones havefbeen foqnd ta be amenable to‘the'direct
. jtrapp1ng of the llthlum enolates fbrned 1n situ- from the llthlum/ammon1a
T reduct1on of a,e~unsaturated e.npnes69 107 A
. - The 511y1ated enone 99 was prepared 1n good yle]d as, shown in
" Scheme 29. The v1ny1tr1methy1511y1magne51umbrommde 101 was: prepared using .
.h slight mod1f1cat1ons of the-conditions worked out by Ganemm-7 The
synthesis of the aldehyde 102 has pegn_descr1bed_?n Sectwon“II .

LI »

(Schemes 8 and 18)- LT 5 : it




85

-«
' ' : : ' : : ‘ 0Bz
0Bz “33 ) o
/WCHO + J\ . \OH
o o - “SMgBr »
Z
\ Si{CH

102 10| I3

S 0Bz

Jones Oxidn

o 2-phase ° ‘
L \ | \si(CHil o =
9

Ot —

~ The tr1cvc11c enone 93 was prepared as shown in Scheme 30

. gx A ——

@) (iJEV.K., KOH , CH30H (ii)CqHgN, OH  DINaBH4,E1OH =
L e )= ,BF3-E150,100 % H3PO,, CHaCly d) (DLi/NH3 (i} NHy 7
_— - i (104).,D. ME. ScHEME 30 ¢JKOH ,CH30H.&

.:\_ _:" .. - » - Ty e . \’ v et ' . 01
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3

The besf results in the blocking of the hydroxy function of gg_were

obtained using the combination catalyst111 - BF4-£t,0/100% H4PO, .

Although the reaction proceeded with on]y 78% conversion of alcohol

to ether, the unreacted startlng mater1a] could be easily and clean]y»

‘recovered and recyc]ed. The 511y]ated ethyl vinyl ketone 104 was

prepared by the#reaction of vinyltrimethylsilyl magnesium bromide

with acetaldehyde, followed by 2-phase Jones ox1dat10n, using the

." conditions of Ganem'". -
Initially, we attempted trapping the lithium enolate formed from

the reduction of compound lQ}_a; the trimethyl silyl enol ether 106.

| SiiCH3)3

©

IC)3

107

However, attempied isolation of enol ether "106 in a pure form led to

Q.lrastic deteri‘oration of the -~oduct and hence the yield. Further,

we found that 106 did not store wel] even under argon at -15%¢. |
Therefore we. opted for the dIrect trapplng of the eno]ate according -

. to the Stork precedent105 10§.

The dione 105 was not isolated, but
was cycli;ed to the desired enone, the querall yield of the probess ‘

‘being.about 50% from the ether-103. However the bigyclic satﬁrated '

* ketone 107 could also be recovered in up to EQ% yield. He found that"

. - o




¢ ’ 87
-

the latter could be used to generate the enone 98 in up to 60% yields

. by reactlon u1th the s11y1ated enone 104 “in the presence of potassium

tert- butox1de, fo]lowed by cyc11zat10 in methanol/potass1um hydrox1de107

0
\ 1) k018
. ' 2) o t ‘ h 3 ‘ .
>0 , e
| ZNsi(CHa) 3 -0

- 107 : 104 98
'=—— - 3)KOH, CH3OH - —

The tricyclic enone 98 so produced was identical to that p?h43533\1n<
the reductive alkylation sequence. This combination of sequences ‘thus

1mproved the yield of enone 98 to a respectable 70%..

Because of the general]y unsat1sfact2£y results which we, had

‘obtalned in the trapplng .of Tithium enolates as the silyl enol ethers,

we opted for the,dlrect reductive alkylation of the tricyclic enone 98,
the a]ky]at\ng ag||| being the sxly]ated enone 99. w |

The resu]ts of this sequence proved very' dlsapp01nt1ng At best
enly about 23% of the a]kylated dione 111-Append1x II. Spectrum 11-could
be realised, together w1th a 3:1 mix of the trlcycllc ketone 109 and .

the alcqpol 10 - Scheme 31

Further, the sequence did not appear to be amenable to large scale

preparations, since the yield of the diong 111 appears to dr&b drd%ticaklyf

L

wich increasing reaction size. Optimum yield was thusgobtained with

[ - >
»

) - Q\ ’
- N -
» B N
. v .
.
N
N . .

-
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»has so far been assigned bas_ed on 11terature precedent

- 88

08z

0Bz

b) Jones. Oxid®
‘ : SCHEME 31

»

reaction sizes rangmg between “300-500 mﬂhgrams

The stereochemlstry of the methyl group at C-14* of compound 111

105 108. \hsugl]y,

one can argue that on both steric and thermodynamlc grounds the all\ylatlon

'omentat\qn of the bulky alkyl side chain will result - viz 111,

of the mtermedlate enolate 108 will o&ur‘ from the least hindered-

face, oppos1te the two angu'lar methyl groupsmg. Thus- equatorial

.
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~  Confirmation of this ‘stereochemi‘str.y‘ could not be‘ obtained |

by, benzene solvent shifts_in t.he n.m.r. spectrum owing ta thes

signal of the Eg:ﬁ;buty} group which masks any shift of the

methyl group, Howev_er, there hpbeared to be & negative s‘hift o)f

a metllyi group by aboyt 20 Hz, .when the exercise‘yas a‘ttempted using

a 60 Miz i{rllstruman\t/.» A request‘. for a 200 mz' determination of'

these solvent shifts is in preparation: ‘

69 o/f/caau{)und 111 proceeded smoothly
to gi_‘ve al.mst,'.c';uantitaﬁ, vely tgzietracyclic enone ig_g_) (Apipen,dix.lln,

Base catalysed cyclization

Spectrum 8).
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. spec1&s 112 was unacceptab]e(ca 20 1), part1cular1y since the coupllng of

in the Michael- reaction sequence,.'as in 107 to 98,we had the advantage

: . : . . - %
of using the more reactive potassium enolate.

- 90 -

<o

" i . . S~

¢ ~
+

However the overall y1e]d from the tr1cyc11c enone 98 to the»tetraqyc]lc

-

= A

the two synthons can be viewed as the key step in olUr convergent approach

He cons1dered then that the silylated enone-99 vas. not reactive enough

“

to trap the 11th1um eno]ate 108 (Scheme 31). Further it was obv1ous .

that over reduct1on was occurring as evidenced by- the forTation of

-

e

the alcohol 110. o ' L /

Therefore we decided-to avoid the reductive trapp1nq{sequence \in

N

favour of alky]at1on of the saturated ketone 109 Ue considered that the

- o

conditions “for Birch reduction of the enone 98 to 99 cou]d more eas11y

be controlled so as- to avoid over-reduction to the alcohol 110 . Further

‘We found that Birch reduction of the enone 98 did net‘proceed
Q - . .

as easily as anticipated. Under conditions which ayoided ‘alcohol formatign -

. - i . .

trace of water as proton donor, low lithium:substrate ratio, short reaction-
.4

times with ether as solvent - we obtained about°30lqp%'of un}eacted starting

—————

material together with the:desired saturated ketone. B
. Conditions whxch ‘ensured complete react1on of startlng mater1a1 ‘ : //¥
gave in addltlon, the alcohol 110 in up to 25% y1er He opted for *
the latter conditlons as fac11e 2-phase Jones ox1dat10n converted the
a1coho] to the ketone. C ‘ | ‘
However, JUSt prior to'pieparat1on of th1s thesis, we undentook oo
the catalytic hydrogenatlog(ﬁf the enone 9 der neutral conditions, °

using palladi /charcoal catalyst. After only 6 hours we obta1ned a1most

- quantitative reduction. Ne were able to isolate over 90% of what appears

o e




to be the saturated'ketone (p?marl,t.l.c.). 'So fé} vanéur phase. .

' chromatographic analysis to compare this product against the standard

-
-

109 has not been done.- Neither has v.p.c. analysis of the product

.

mixture to determine  whether other saturated ketones e.g. the cis

N fing fusion ketone, may be present. e 1ntend to subject the ketone obtained

! v1a ‘both routes to Kugelrohr d1st111atlon SO as to compare their

'
)

refract1ve 1nd1ces

167

Ganem was able tp subject the bis-annelating agehf 113 to

" Michael addition-to the keto-ketal 114 using potassium tert-butoxide

A

“as base. The enone’;g§_was Eroduced in-ovecall vield of 70%.

//

.~ +a) (i) KOt C4Hg,t C4HgOH
i L (ij)KOH/CH3QH" -

°, However, in our case . Michael add1t1on of tqi silylated enone 99
~ to the saturated tr1cyc11c ketone 111 followed by chl1zat1on led to 1ess ‘

- than 30% yield of the desired tetracyc]1c enong ;13 under_optlmum conditions.

e

®. " In all instances we were able to recover all unreacted tricyclic -

-, ketone,obut the hard-won b{s—annelating agent was consumed probably

-~

by polymer1zat10n. It is our opxnxon then, that the trimethyl s1]y1

enone 29 1is not as stabie to such vigorous. cond1t1ons as the tr1ethyl :

°
7 .




B T or . b )
- ~ . - . ' . ! s . - . .
) silvl species used by Ganemlqy. At the time of preparation of this -

-

.." thesis, we were in ‘the process af‘preparing the triethylsilylated enone 11

0Bz

Ty

Si{CoHs)3

116 : -
.in order to attempt to improve the yield of this key garbon-carbon bond
formation-step ig-our route. T

- [y ~

With only very small amounts of tetracyclic enone 112 in hand we

undertook‘the %ntrodueijon pfetﬁe methyd groupcat .C-13* of the tetracyclic
. . compounc?llZ ) using the Nagata hydr‘ocvanafion reacti’ongg. ‘Kinet‘ic\ S
condltlons (HCN/(C2H5)3A1 were - used in order to generate the trans -fused
é\h ring junction.(See Sectlon 2. for discussion.)
’ Hydrecyanqtion of enone ;lgiprpceeded snnothly'to give the qyano;
ketone (Aﬁbend;x IT Spectrum 9) in very high yield (Scheme 32).

0Bz

.OBZ . . . *

GHCN / (CoHglg Al
bﬁlczu,,)z AICN

-

) 0 18 - R
 SCHEVE 32 - \
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The: stereochemistry of the cyano groub was assigned baged on literature .

89 However confxrmatlon was undertaken-using the approdach . ) -

\\ -
d1scussed 1in Section 2 of thlS report - 1nvolv1ng compounds 67, 68 and
o

69. Hence the cis- fused cyano ketone=118 was prepared us1ng therinodynamic
b S

A hydrocyanation conditions [C2 5)2A1CN,Q5H6)]; A compar1son of the

precedent

infra-red spectrum of the two ‘cyano cdmpounds 1ig and 118 reveals that

the trans-fused 1somer 117 dlsplays a n1tr1]e absorpt1on of hlgher

intensity than the cis-fused mater1a1 - F1g 3. This result underscores
‘our observations descrlbed prevxous]y in this report Again, we i .
:re1terate that model studies will be undertaken” to thorough]y investigatc’

th1s phenomenon, with partlcular ‘reference to angu]ar cyano compounds ~

+ having substituents a to the carbony] and-g to the n1tr1]e (These '\_ .
’ 9%, -~ . ”
). L ) i

-

~types were not covered by Nagata
) lle attempted the conver51on of the cyano group of 117 to the methyl v
on a shall amount oflmater1a1,- The route of choice was based/o\)lbyer rs9?
precedent. Thus ;odium borohydride reddEtion of 117 gave the alcohol
‘iig;hhich was not purif%ed but was subjected to Dibal H reduction of }he

- nitrile. The i.r. of tne reduct:on product did not show nitrile.

a) NaBHg4 , CoHsOH
| b) Dibal H, ¢H, KOH.
\ N -c) NHaNH, Ho O, KOH, TE G

However, Wol ff-Kishner reduction\resu]ted‘iﬁ the total transmoqrification=

’

_of the starting material since the only product isolated is one which

RN
u
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“from its n.m.r. spectrum appears to be simply hydrocarbon residue, . | . ;
. At'this stage, further attemptsuat transformation of,the cyano
compound 117 to the target compound 120 were suspended in favour of

waiting until optlmum cond1t1ons were worked out for: the transformat1on . -

~of the optically active spec1e567 to the t?1cyc]1c species 36b (Sect1on 2).

is necessary that the yleld in the key coupl1ng step,

- Further, i%
(98 + 99) b

in this area with the use of the triethylsilyl analog of the enone 166.-

improved to a great extent. lle envision greater sugcess




to the terpene skeletan.®

' SECTION 2

- > EPILOGUE ~
° ) . . . ) ' ! ) ’ J—t!:,j v o "\4\
The'foregoing dissertation has described various synthetic .

>

-

approaches ‘to the pentacycllc’tr1terpene skeleton. Nh1lst the

. .

‘syntheses of the target compounds-have not been achleved “the various

routes 1g»est1gated new and 1nterest1ng facets of the chemistry of

S

these,systems adding to our overall understandlng. Perhaps the most -

3

~ obvious achievement of - this dissertation is that it has elucidated

very many. of the factors ,'be they steric, e]ectroaic or structure-~

/ reactivity types, which iﬁf]uence the chemiétry of compounds’ related

In conc1u51oex\\t 15 convenient to summar1ze what are cons1dered

to be the contributions to know]edge wh1ch could arise from th1s

v

thesis: ;>' . R s T .. R
SECTION A IR 7 L

i »

(a) The synthesis of a tetracyc11c species 4b a potentlal synthon in

the synthes1s of B-amyrin, has been descr1bed R
(b ) An unusua] but 1nterest1ng, ac1d cata]ysed rearrangement of (Compounds 1+

10) a subst1tuted methoxy tetraTone has been demonstrated.

.
A4 . . - -

- .. . -
+

(a) The influence of steric factors on the intramolecular aldol condensation

&

of 1,5-diketones has been shown. Compound 26 - 31.

-(b) The syntheses of optically active compounds 55 and 58 which are potential

‘intermed{ates in the synthesis of optically active pentacyclie

triterpenes ,have been described

S




4 -

7

: L .
. . e iy s \
(c) The aminp acid mediated 1ntramo]ecu1ar aldol condensation of

1, 5~diketones has been studied These stud1es underscored the

' 1nf1uence of the amino acid: substrate structure re]at1on§ﬁ1p,

~

on_ the success of reactions of th1s type.
(d) The Nagata hydrocyenat1on reactlons have be‘explored in great
detail’, These studies support the kinetic vs ghermodynamic

. e . . X ] .
control of stereochemistry of hydrocyanat1on by manlpulat1on of

substrage or reagent However, these studies showed that Nagata S

-

corre]atlon between the mitrite conf1guratlon and the 1nfra-red

band 1nten51ty is reversed for compounds w1th substituents -at-

4

the p051t10n 8 to the n1frlle function.

-

\

" (e} The synthesis of optlcally active compounds 82 and 88 s whlch are

potent1a1 synthons ip the synthes1s of optlcaliy act1ve pentacycllc

ce

- trlterpenes, pave been des¢ribed.

SECTION 3° -

°

- K

o

(a) The‘syn;hesi% of a tetracyclic comoound 117 having seven of-the nine

Id

gsymmetric°centres'requjred for friedlin IV has Been described.

The flow sheets in Aopendix Ifl delineate the. manner in which the
. various synthons synthesized 'in this work, may be included in total

syntheses of pentacyclic triterpenes. * -

‘-
e -

A Final Word -

y °

) . The Harning
I
All synthet1c chemists pay heed -

To cont1nue to fue] man's, need

»

.To rep]ace nature s wilt’

With plastics and pill

Could result 1n a robbt- l1ke breed




- ' ’ EXPERTHMENTAL

¢

General: A1l me]ting‘points were takeh on a Fisher-Johns "apparatus. .
ahd are uncorrected. Boiling points are not corrected. -Infrared
spectra Qere?recorded on a Perkin-Elmer Model 2378 Ihfrared spectrometer,
'ultrav1olet spectra on a Perk1n Elmer 202.U1trav1o]et V1s1b1e Spectro-
photometer -Mass spectra were obta1ned on an AE1 MS12 Instrument at
Trent Un1versity: Nuclear magnetic resonance spectra were measured
on a Varian T-60 (Curleton University) or Varian HA‘100 (Uniyersity of
Ottawa), using tetramethy1s11ane as an internal standard. Chemical
shifts are: expressed in the(d sca]e with the fo110w1ng des1gnat1ohs,,
- 'S, s1ng]et d, doub]et t,-triplet; m, mu1t1p1et br _broadened.
“ _Combust1on analyses were performed by Spang M1croana1yt1ca1 Laboratory,
» Ann ‘Arbour, M1ch1gan, and Gue]ph Chemical Labs. Ltd. Guelph, Ontar1o
<* o AN react1ons and chromatograms were routinely mbnitored by y
ana]yt1cal thin-layer chromatography (tic) ( Merck 60 PF=254 plates, ,
- 0.25 mm). Spots were developed by expos1nq to iodine vapour or by
. ; ‘lglkay1ng with cer1c su]fate and. heating. Preparative th1n ]ayer chromato-
‘graphy was carried out ont Merck 60 5-254‘precoated silica gel pLates

<

of 2.0 mm thickness. -Bands were visualized by Qiewing under an u]tra—

s v ‘violet source or by staining one thin edge with ceric.sulfate/heatinga‘
Silica gel (bavison Chemical Co., grade 523,_100-200 mesh) was used\' L
for column chromatography F]ashfchromatography-refers to elutiontot

) mater1al on a silica ge] pad (silica gel 60H-E.M. Reagents, s1ntered
Y | ‘ .glass.funnel) using water asp1rator suct:ont with collection and
- analysis of 50-150 ml fractions.‘ H.P.L.C. was performed using a Waters
Prep SOO‘High.Performance Liquid Chromatograph. Optical rotations.were

obtained using a Perkin Elmer 141 Polarimeter.

4

- // ' The term “"dry benzene" and "dry toluepe" reter to benzene or
7 _ :
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, ‘to]uené which was disthléd and stored.over sodium. -

“Dry tetrahydrofuran" and dry dimetboxyéthane were obtained by distf]lati%n'

*from 1ithium aluminiym-hydride. “Anhydrous ether" was availAble from

>

Ma]]jnckfodt Canadg Ltd. Petréleum ether refers to the fractién boiling
at 30-60°:. Lo IR " " '
Abbreviation; . ' - S
THF T zTetrahydrofuran ‘
‘ DMSO ¥ - “Dimbthyl ‘sulfoxide -
" DME v x . Diﬁetﬁoxy¥tﬁ3ne :‘ . )
'TMSC]} ! Ch}ofotrimgthy{si1gne, ‘
Py . © “Pyridine - o S
DMF - ‘ . N‘,N-dimethylforﬁamide
Ts,tosyl ) ' . Eftqluenesulfonyll !
- CLTHP. e '; . tetrghydrobyrany] \ ‘ |
) H.P.L.C. . | " High Performance Liquid Chromatography
’ L.SR. . 7 . ‘,Lanthanidé Sh.%ft Reagent . . ~
. Y - . _— '
) . V ’ i . .
fwﬁ\\,/<\\ ’ - )
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. SECTION 1

2-Keto-1- methy] 1[2- (3 Keto-1,4,4- tr1meth1} cyc1ohexy1 ethxl] 6- methoxy' v

&

3, 4d1h1dronaphtha1ene la and 1b

- N ) a -
Potassium metal (1.5 gm,38 mmol) tert-amyl alcohol (6 gm, 68 mmol)

"7 and dry benzene (200 ml) were refluxed for 2 hours. (Until all potassium
" dissolved). Cooled to room temperature and  B-tetralone 2}(6.3 gm)

(33.5 mmol) in 25 mls of benzene was!added drquise. Benzéhe/tert—amy]

alcohol were then azeotroped off whilst_the solvent level was kept
constant by addition of fresh benzené, over a 1723 hour,period. Thé

. reaction mixture was then recooled to room temp. and the-.tesylate 31 2
(12 gm, 31.4 mmol) in 30 mis of benzene w;s added slowly, aéa the
reaction ‘stirred overnight at foom iemp. then refluxed for 25 hours
more. The cooled reactjon‘pixture wés then poured into ice/water and
extracted with ether (x2). The cold ye]]ow’aquedus layer was then
acidified carefully Qith a few drops of éonc_._HZSO4 and immediately

’,extractéﬁ with ether. (x3). The combined orgahic 1a¥ers were.yashed ..
with satd. ad. NaHCO5; satd. aq. NaCl and dried (MgSO4). Concentr;tioh
yieidéd 17.5 gms of an oil, 5 gms_of whicH was ;ubjected to repetitive -
H P.L. C From this qu;ntity was realized 1.2 gm of an oil which was @
ass1gned the structure 16 but which aerared to be contam1nated by a
small amount of the/stereoasomer related to 1lb. I.R. (nea})lv em”!
- (c:b) NMR-(CDC13)16 (ppﬁ) 0.85 (b.s.-SH- gem d{—CH3, C-I*-CH3),1-35(S:2H-

| CH ,C(0CH,),) 1.4 (s.3H C-1 CHy ) 3. 95 (5-4H. (0CH,),) 3.9 (, 3H. ocqj)

The reﬁh1n1pg 16.1 am wena dissolved in éthanol (250 ml), 200.mls of satd. .

aq. oxal1c acid so]ut1ons were added and refluxed for 1% hr Water and

ethanol were taken off at reduced pressure and ethenr and ater were
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N
, .
<
’ /

4
/66888. The layers were separated and the aqueéus layer was extracted \
‘with ether~ (x3). The combined organic layers were yashéd with satd.
aq. NaHC03; water-and satd. aq. NaCl, then’dried(MgéO4). Repe£itive
,H.P.L.C. of the concentrated material gave (a) 2.6 gm of g-tetralone -~
~ {(b) 1.8 gm of 1b (c) 3.2 gm of a mixture ofilg_and.lg_(d) 1.4 gm of
lg.confaminéted with a trace of 1lb. The yield of la and 1b was 59%.

1

i.r. (neat) v cm™! 1700, 1705 (2 C=0). N.M.R. (CDC1,) & ‘ppm: -

1.0 (2s.6H gem di-CH;) 1.4 (s.3H.C-1'CH;) 1.5 (s.3H C-1 CHg) 2.0

] (s.2H.CH,C0) 4.0 (s.3H OCH;) 6.6-7.2 (m.3H.ArH). Mass Spec. m/e (r.i)

3
356 (M",15) 203(100) 175 (33).

‘Anal. C23H3202 ‘Calcd: C: 77.54, H: 8.98

- : . Found: C: 77.25, H: 9.11
. >

1-[2-(3-Keto-]i$,4-trimethy1qycloheXy])ethyl]—2—methy1-6-methoxynaph;ha1ene,
. .A’ ' A mixtﬁre of ig_and ;gﬁ(3.9 gm, 11 mmo])'E-toluenesulfsnic aciq
(14 gm) in p-xylene (300 mls) were FEfluxed‘for 6 hrs. Water (100 mls) ; -
| was addeq to the cooled sq]u}iqn'and the 1aygrs separated. The aqueous
. . iayer was extracted with eihekt(x2) andxtﬁe:comSined organic extracts
washéd,withusatd; aq. NaHCO3,'wateriand satd. aq. NaCl; then dried
(MgSO4). Qoncentration and'chrométograghy (silica ge]) gave 260 mg‘of

.; o - 7 (spectral data identical .to authentic samp]el), and 1.56 gm (42%) of

| 10 wpt. 109-120%. i.r. (Kbr)S cm ' 1710 (C=0) 1610, 1625 (C=C).

P ' TR L 273, 285 (<= 8.1 x 103), 290. “N.M.R. (See Appendix.Ll_

‘ Speé?¥:§>qt- Mass séec: m/e;(r.i,) 338 (p*.100) 185 238) 159’(12),
139 (28).. - - . ‘

fa)




_Anal: C23H3002. ‘Calcd, 'C} 81.67 H: 8.87

o

Found_ C; 81.38 H: 9.17

Attempted cyclization of la using di-isopropylamjdgmagnesium bromide
' ' 7 . B B 3
{a) Prep. of (1-C3ﬂ7l2NMgBr

o

To a susQension of Mg.(4QQ mg, 16.4 mmo1) in 10 mls of anhydrous
THF  was added Ethyl bromide (1.12 ml).at reflux over a 10 min period.
The reaction was then Heated at reflux.for 30 mins under Nz,‘c001ed to
room temp. and 2.80 ml of fresh]& disti]]éd diisopropyl@mine'was ;dded
dropwise over iO mins. The-react{gn was %hen refluxed for 30 min%

more; then kept at about 50°. ol o "

" (b) Dione la (212 mg, 0.76 mmol) was dissolved in: 15 mls of anhydrous
T.H.F. .and coo]ed,to'—SOOC‘under argon. To-this was added dropwise
witﬁ §tiﬁring over 1 hour 9 mls of the 1,5 M Grignard (prepared as-

~in a). .The reaction was allowed to warm to room tempi éver 1 hr. then |
refluxed - for up to 110 hours. It was then poured into satd. aq.

h NH,C1 and extracted with ether (x1) then methy??h;xggloride.(XZ).
Drying (MgSO4) followed by chromatographyk(prep. Ylate) yielded

starting mater{a1 1b and 18 mg of a material whjch corresponded on tlc

-

- to alcohol 9. ‘ - . .ot

f-

~

Attempted Epoxidation of the Kefo Ketal 16
. , bl <

- 1: Using Dimethyloxosulfonium methylide

Sodium hydride (0.07 gm 3 mmol) (60%disp.in mineral oil) wag -placed
in a 3-necked flask and washed 3 times.with30-60 petroleum ether. The

system was evacuated over 10 min via water aspirator and after breaking

~
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1,
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i1
3
ot
L,

-d1methylsu1fox1de (5 mls) was s]owly 1ntroduced v1a“syr1nge wit

.the vacuum, -methyloxosulfonium’iodide 7 (0.66 gm,3.0 mmol) was °

introduced.’ “The system “was then plaeed under N2 Fresh]y d1&t111ed

. ‘ stirr1ng whilst H2 ‘was allowed to evoﬁve over a 15-20 min per10d'
so]ut10n of ketal ketone 16 (520 mg, 1 2 mme]) in. DMSO (4 mls)
. R . Was adﬁ%d dropwise %o the milky white yeact1on mixture which was(/’\ / ‘f;‘
) stirred for O.E;hr_at‘rgom temp and 1%ohr at 5Q°C. ,water"(Bolmli\wes - '~

'

added. to the cooled-reactfon mixture which waS‘then extracted with )

3

_ether (x3). The organ1c extracts were washed. thh satd.aq.’ NaCl and

N ‘SO%aq; NaOH {8 mls) acetbnitri1e‘(1 m]) triethylbenzyl» .

«

P

+ identical to authentic sample.  .»

vlayers were separated and the aqueous . layers extracted thh ether.

- aqd dr1ed (Na2504), Chromatograp y (silica gel) gave startlng mater1a1 -

dried (Na 4) Chroma;ogrqphy (51115a gel 10% ether/pet ether) gave

-a mixture made up of a small amount of starting material 16 and the

diastereomeric mixture of diketones .lb: Spécﬂ&ﬂ date angd mes§‘spectrum

.
.® ¢
., - N

2: Using p-tolyl thloromethyl sulfone

"ammonlum chlor1de (0 4 mg), 190 mg (1 mmo]) of E-toly] ch.oromethy]sulfone

and 400 mg (1 mmol). of - 1b were stlrred under N, Ior 24 hrs. Anelyt1ca1
tlc showed starting material. 24 mls of 50 % aqf NaOH, 25 mg’TEBA ’
nd l-ml aceton1tr11e weﬁ? added and st1rnﬁd\at 35°C for 6 hrs, then

at _rdom temp overn1ght Ether and water. were added with. st1rr1ng\\the

The combmed orgamc extracts were washed ,mth water satd aqg. NaCl. »

and 32 mg-of & felﬁow crystallnne material whighk did not show epoxide

in its n.m.r. or'i.r. spectra. =~ - ‘ S .

.V
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‘ SECTION 2 o : ' S .

" 4,4-dimethyl-5-oxobexanenitrile * 30

3-Methy1-2-butanone (30 gm-0.34 mmol) dissolved in'dry tert-' - o
x T o -
butanol (80 ml)was cooled with stirring to 0°C 2. 1 gm of a 30% solution -

of KOH 1in dry‘methanol was added and st1rred for 15 m1ns AcrylonltrIIe

(21 gm, 0. 45m01) dlssolved in 25 m]s of tert-butanol was added dropwise

over 45 mins and the mixture stlrred at 5-10% for 2 hrs The .

Q

react1on mlxture was ac1d1f1ed (pH 3) with 2N HCl and then concentrafeg
¢ ‘ (e

under .reduced pressure to one quarter of its volume. Water and ether

1

~were added and ‘the layers separated The aqueous layer was extracted

with ether and the comb1ned organliﬁextracts washed w1th water (x3)
|- .
and saturated aq. NaCl. Drying, eoncentpation and dlst11]at1on in

¢ ‘ ¥ vacuo gave 37.3 gm (19”) of 30. (84-86°C at 25 mm)f--—
. L.R v cm }
2.1 (s,3,C-6 CHy) v

*
v

1706 (C=0)' 2240 (C=N). N.M.R. dpmﬂ 11(56H,amm,w3) K
- ~.7

5-benzyloxy-4,4-dimethylhexangnitrile 27 .
" The ketonitrile (56 4 gm, 0.406 mol) was dissolved in ethand}«

(300 ml) and a solut1on of sodiym borohydride (13 gm) in ‘ethanol (300 m1)

. was added dropwise at 10- 15°¢C OJEr 1 hour. . The resu1t1ng solution was'

:./&) . -~ - ,
€ stirred at room temp. for 3 hr after which 350 ml of 3N HC1 was added o
o . . 7 &

. ! . and stirring was' continued for‘1 hour. Solvent was removed at re&yced, "
» ' v

pressure and the residue taken up in ether and filtered on Flor1s11 “theo

dried (NaZSD4). Concentration gave 47. 1 gm (84%) of the cyano alcoh01

I.R.5 ‘em ) (neat) 3430 (broad OH) 2240 cm'lg(CsN). No carbonyl absorption.




: . v

“The,crudé alcohol (22 gm, .16 ﬁol) was dissolved ?n dry THF (80 ml) ano
DMF (30.m1). Sodium hydridef.24 mol, 5.8 gm of 99%) was added, and

the mixture refluxed for 2% hours, then cooled to below 10°C. éeniyi
chloride (23 gm) was added slowly.and the solution refluxed for 2%
hours. Tﬁe THF was removed at réduced pressu?e and saturated sodium "

ulfate solution was added dropwise with cooling. . \Ethér and water
were added, layers separated and the aqueous 1ayer extracted with ether.

Organic extracts were combined and washed with watér, and satd. aq. NaCl.

')Dny1ng (NaZSD4) concentration and vacuum d1st111at10n -gave the benzy]

o

ether 27 (107—}08 C 0225 ;orr) - 32.8 gm (89%).
L.R. 3 en™! (neat)” 2250 (C=N). N.M.R. & ppm (cocly):

1.0 (s, 6H, qen-di- CH3) 1.2 (d-34,C-6 CHy) -176-2.4 (m. 4 CHy~CHy=CH)
3.6 (m, 1M, CH-0), 4.5 (q. 2H, CH,- Collg)s 74 (bus. SH Ar 1),
- Mass spec: m/e (r.1.)-231 {12 (M )) 186 ( ) 135 (15) 131 (20)

" 118 (31) 96 (41) 91 (100). .

3

5~benéy]oxy;4,4—dimethy]he¥aqgl . 28 - e

33.7 gm (.15 mol) of oitrilé 27 was ref]uxed overnight wi}h-\
potassium hydroxide (20 gm) ih ethylene glycol (200 ml). * Saturated brine wad
added and the pqueous 1ayer extracted with ether (so]uble o;;;;:;;~;;;;;ZEed)
The . aqueous layer was acidified to pH 2 w1th 50% HCI1. Ch]oroform and
water were added, .and the Tlayers separatgg& The aqueous layer was’ extracted with
chloroform and the c0mb1ned organics were wdshed with saturated NaCl. ’

Drying (MgSO4) and concentration(in vacuo)gave 37 gm (98%) of
A X —

5-benzyloxyl-4,4-dimethylhexanoic acid. -I.R. \—:1cm-'1 (neat)‘3470-2600 i

(broad, COH, CH,,CHg) 1730 fm‘lo(c=o)1 N.M.R. (CDC15) & ppm:
9.9 (b.s. IH CO,H). . : .
) -9 A
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The acid (BF/am; 6.147 mol) was dissolved in 330 'ml of anhydrous

ether and this solution was added dropwise to a suspension of Tithium

'al inum hydride (14.6 gm; 0.39 mol) in 400 ml anhydrous ether.: The
;//m{z:ure was refluxed -for 16 hré,coo]ed‘indan ice bath and 14.7 ml of -
/ ' -

“water was added slowly with stirring , followed by 14.7 ml of 3N sodium

]

" hydroxide solution then 43.8 ml of water. A white crystalline precipitate

déveloped which wés'easi]y filtered -and washed with anhydrous ether.

[

The‘result1ng dry ‘splution was concentrated 1n vacuo to furnish 31. 8

PR

gm (98%) of the awbenzyloxy -4 ,4- dlmethylhexan-l-ol I R. 3590- 3400 (broad OH)
The crude a]cohol '(31.8 gm, 0.14 mol) was stirred overnight with 46.5 gm
(1.5 eq) of pyr1d1n1um chlorochromate in 300 .ml dichloromethane at

b

' R.T. Anhydrous ether was added with stirring. Then the supernataht )
suspens1on was decanted from the b]ack-gum and repeat stirring‘and

_ decantation of the lét;er with ether converted the 9%6910 a‘finely- -

; . divided precipitate. The combined ether suspensions were fi]te;ed on’

a florisi@'pad_ - furnishing, after concentration 26.7 gm(87%) of the '

aldehyde 28 I.R. ¥ cm! (neat) 2125 cn™!, 1715 cn™! (cHO).WHR (Cocl4)

5 pp_m_. 1.05 (s, 6H, gem-di- CH3) ?’2 (d 3H,C-6 CH3)~7.4_‘(b.s.‘ 5H A‘r.ﬂ ) -
9 8 (t.1H,CHO ).
o ) Mass Spec: me (r.i. ) 234 (< 1, M%) 135 (23) 99 (34) 91 (100) 81 (54)

65(31) 55 (28). ;
7-benz,x]oxy-6,6-dimetl41i1‘oct—_‘l‘-e‘n ~3-one 29°

yiﬁyl bromide (75 gm, 0.7 mol) dissolved in freshly distilled THF
(120 mls), was added dropwise at reflux’to a suspension of dry magnesium
. _+ - turnings (18 gm) in THF(50 :95)and 1 crystal of iodine, over a 45 min_'

- period. The dark solution was then refluxed for 45 mins more then cooled

to' 0°C. Aldehyde 28 (20 gm, 085 mol) dissolved in 150 mls of anhydrous




A

14

_with ether. The combined organic extracts were wagped with water and - '\

l7-benzy1oxy~6,67dimethy1oct—l-ene~2~ol._ (17.11 gm, 77%). N.M.R. |

"cooled to 0°C. . 20 mls of standard Jopes reagent was.added dropwise over .

, extracted with ether. The combined organic extracts were washed with

5% sodium bicarbonate, saturated aq NaCl, dried (K2C03) and concentrated. -//// ?
Chromatograpuy on silica gel (15% ether/hexane) gave the vinyl ketone \

o N
29 (11.6, 83%). I.R. 5 cu} (neat) 1665 (C-0) 1608 (C=C). - Ny
N.M.R. (CDC] ) § ppm 1.1 (2s,6H gem di- CHA 1 2.(d, 3H C-8 CH3) 5.8 -

16%»(5) 154 (15) 139.(10) 91-(100).

~Anal: Cy7H),05: : C:78. 1 9.23.0 A .

1]

ether was added dropwise and the 'solution was allowed to warm with
stirring over a 4 hour period. Saturated ammonium chloride solution
was added and ‘the supernatant &réanic layer decanted. The aqueous

suspension was extracted by swirling and decantation several times

satd. aq. NaCl. Drying (K2C03)'and\concentration in vacuo left an oil-.

which was chromatographed (ethyl acetate/benzene 10%) to give

(COCY3) & ppm: 0.95 (25, 6H, gem di-CHy), 1.2 (d, 3H, C-8y CH
. - .
4.9-5.4 (2H HzCH-), 5.6-6.2 (m.2H,CH,=CH-).

3J

The allylic alcohol (14.0 gms,.054 mol) -was dissolved in 50 mls ether and

40 mins. Reaction was stirred for 1% hours more at 5-10°C. 10 mls of

isopropanol, 25 mls of water and 50 mls ether were added_énd the reaction

-«

was stirred for 20 mins more. The layers were separated and the aqueods layer

.
e BRI I, Brigson B o SPRIMALEL N 2 r

¢ ; \
(i, 1 CH,=CH-) 6.3 {m, 2H CHy=CH-). Mass spec: m/e (r.i.) M absent. . !

Caled: C: 78.46 H: 9.23.
Found: C: 78.38 H: 9.09 - . ‘ . .
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2-(7-Benzyloxy -6,6-dimethyl-3-oxooctyl)-2-methyl-1,3-cyclohexanedione 26

2~Methy1-1,3-cyclohexanedione (4.1 gm-32.3 mmol), was_ suspended in }

freshly distilled DME kZOO‘nﬂs). Sodidm hydride (0.4 gm) was added .
and the(;hole §tikfed at R.T. for 15 mins~gndeb N,. Enone 29 (5.34 gm)
dissolved in 18 mls of DVE was added dropwise, fo]]owéd by reflux ,
for 1 houéi The rgaction was cpoled aﬁd saturated aq. sodium sulfate
added slowly. ‘Thélorgan{cs were extracied with chloroform and washed
_ with saturated NaCl solution, dried (MgSO4) aﬁd evaporated to yield -
a yellow oil. Chromatography‘on silica gel (ether/hexang) yielded
26 (6.85 gn - 88%) as aﬁ_oil. I.R., 5 eni} (neat) 1698-1715 (3c=0).
N.M.R. § ppm (CDCl5) 0.9 (2s.,6H,gem-di-CHy ), 1:1 (d.3H.CH3~CHO~),
1.25 (s.s 3, C-2 cg35, 4.5 (q,, 2H,~Cﬁ2-C6H5), ;.3I(b.s.,—§H,xAr. H).
' Mass spec: m/e (r.i.) 386s(10) (i), 382 (20) 333 (35) 139 (28),
.

91 (100) 69 (70) 55 (80). - o) Lt o

.
4

' i
(+) 1-(3-benzyloxy-2,2-dimethylbutyl )-4ag-methyl-4,4a,7,8-tetrahydro- {
naphthalene-2,5-(3H,6H)-dione. (31). ' T

Trione 26 (4.2 gm, 10.8 mmol) was dissolved-in acetonitrile (iOO mls) ;
’ " and * L-proline (2.12 gm, 21 mmol) (Sjgma grade) and 1N‘HC104 | %
(11 mlg)'were‘pdded. The reaction mixture was refluxed for 48 hours . The sol@gqt was:
evaporated under reduced pressure and watér and ether added.  The layers were |
zsepafated and t@e aqueous layer extracted twice;wfth ether. The 6rganic

layer was washed with saturated sodium bicarboﬁate, water, saturated ag/sodium
chloride, and dried (Mg§04);thenit was éoncentratéd in vacuo.'ihe resulting

0il was chromatographed aon silica gel from which waszzgiained (12% Ethyl -

acetate/benzene) 0.56 gm (14.2%) of 31 as an oil., I.R. v.om ! (neat):
1705 (C=0) , 1660 (a,8 unsat. C=0) 1601 (C=C); UiV. A, 253 mu (e 1059;

o N : '
] N . _ R . . ' ' '
- X ’ . i

o




109 -

’ . - e
. .o

L s) ] KoY
NMR(CDC]3)6ppm:0.89 (2, 6H, @-di-w_3‘s), 1.05 (d, 3H, c}_ij-c-o ) 1.08 "@-{;r
. . _ S H
. (s’ 3, C-4a CHy) 2.05 (s, 2H, CH,=C=C) 4.5 (q.2H, CH,~CcHc), A28

t

s, (b.s. SH,'Ar. H). Mass spec: m/e (r.i.) 368 (6) (M+) 277 (10) §33 '(fg)‘A
105 (20) 91 (100) 55 (80) 43 (75). .

" - . [Q]2g.5

-\‘
: + 38-87° (2.9% in CeHg) -

{

(+) 8ag-methyl1-3,4,8,8a,tetrahydronaphthalene-1,6 (2ﬂ,7ﬂ)~dione'(36).

2-Methyl-1,3-cyclohexane dione (25 gm, 0.20 mol) was stirred with ',
one pellet of KOH in anhydrous methanal (60 mls) under N,. 26 gm (0.37 .
mq}es) of methy] viny] ketone (26 gm,0.37 mol) was added and the reactioﬁ‘
& was ref]ufed for 3 hours, éhen cooled and the Eolvgnt removed under
reduced pressure. Chloroform and water were added. Layers ‘were separated
. and the aqueous layer was extracted with chioroforﬁ. Organic extracts
" were cqhbined and washed with water, and séturated.aq,-sodium chloride:
Aﬁtgr 1 hour drying over Na2504, the ch]oroior; solution was concentrated
unde(freduced pressure. 'Residuél solvent was removed undér high vacuum
(0.1 Torr) and - :acetonitrile (400 mls) was added. . L-proline (16 gm) )
"~ and IN HC10, (45 ml) were added and the whole refluxed f.;/28 hours. _
$01vent was removed under reducgd pressure and water aﬁg chloroform.were
added. The layers were separéted and'the'aqueous'1ayer extracted ﬁith ®
s cﬁloroform. The dvganig extracté were washed with satd. aq. sodium
bicarbonate’, followed by water and saturated aq. sodium ch]oridé sq]utipn:
“\\Dnying (Naggoq) followed by conéentration and disfi]la}ion‘jg_xgggg gave - .
v © 24.8 gm (69%) of (+) BTl 6 79.5% (1.27% in M) b.p. 111-129%
at .05 Torr. Crystallization (neat low tempgrature) gave colourless &
plates of 36 mpt. 47.5-48.5%. U.V. A 239 mi (e = 12.7 x 109) .
.

T.R. 5 en b (CHCI ;)= 1703 (C=0) 1660 (a,8 unsatd C=0) 1608 (C=C).

3
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' : T NMR. (CDC13) 6 ppm :(1.43 (s, 3H, C-8a CHy).-5.9 (b.s. IH, C=CH-)

"+ The ethylene kétai 38 was prebared by refluxing the octalone 3p

(15 gm, 0.84 mol) in 60 mlg of ‘benzene undey N together with 1,2

« ethanediol (7.8 gm, 12 mol) and a few crystals of p-toluene sulfonic
acid using a Dean-Stark waten‘separator for -16 hr. The reaction
E» ‘was cooled, water added and layers sgparafed. . The aqueous layer was
| ' extracted with ether and the combined organic extracts washed with ’
_ % ) " saturated aq. sodium'bicarbonate solution, followed by Qaturatéd aq.

. NaCl solution. Drying (MgSO4) concentration and chromatography -

-
silica ‘gel (8% ethyl acetate/benzene) gave 12.3 gm (66%) of 38 as an
oil. L.R. ¥ an” ! (neat) 1670 (c=0), 1610 (C=C) U.V. x;:iOH : 241 my *
e =12:1 x 103). N. 1. R. (CDC14 ) § ppm 3:9_(s,ﬁH,o-cgz -Ci;-0). 5.8
L I (b s. 1H; C=CH-). . '; - . —
3

3,3- Ethy]ened105y 14p ~-toluenesulfonate 37

Ethyl 3,3- ethylenedloxybutyrate (43 gm) in THF (100 ml) pas
‘addéd with st1rr1ng under N2 to a suspension of L1A1H4 (7 gm) in
THF (100 ml) so fhat gent]evréflux was maintained. Refluxing was
continued for 3 hours. To the cooled mikture was added successively,
‘L: sz (8 ml), 20% Agq. NaOH (6 ml) and HZO (25 m1). The resulting 3,3-
ethylenedioxy-l—butanSI showed no C=0 absorppion in its I.R.- spectrum.
‘The -crude alcohol (24 gm) was stirred‘for 6 hrs under N, at 0%C with
R—to]uenesu]fony] qp]oride (44 gm) in 120 ml pyridinef Ice was;added

and the mixture was étirred for 30 mins and extracted with ether. The

- organic extracts were washed w1th water and then hexane and dried-

" ' '(Na2504). Concentratfdn at reduced pressure gave 37 as a th]ck co]orless

o

0il which was pumped dry for 12 hours at room temperature in vacuo. The |

R s anreanm il




" washed with water‘énd satd. NaC];farigd,(MgSO4) and concentrated. .

b.pt. 145-148°C at .02 torr. d R 3 en! (nedt) 3300-3550 (b. OH)

-(CDC1,) & ppm: 1.25 (5.3, (C-4a CH

oil was then stored as a,75% solution in to]uene 1n the freezer
\ ,
"1y

I.R.” v cm neat) 1590, (5=Q) s

H.H.R. (COClq) 6 ppm. 1.25 (s, 3, é-4tH3). 2.0 (t.. 2H -2 ciy) 2.4
(s, 3H C6H4 CH3 ) 3.8 (5.44.0- CH2 CH -0) 44l (t.2H- CH2-0) 7.1-7.9
(m.4H. Ar-H)

- ' - '

- N ~

(+)—5-hvdroxy-4a6—methy]—4,4a,5,6,7,8—hexahy&ronaphthaleh—2‘(gﬂ)-one 40.°

"

IEned1one 36 (15.5 gm, 0.87 mol) was dissdlved in ethanol (200 ml1)
{u

‘and cooled to 0°C. NaBH, (1 gm)%lh anhydrous ethano] (100 ml1) was added

dropwise over 1 hour. The reaction was stirred for 15 mins more,%pép

A

8 mls of glacial-acetic acid was added. The solvents were removed under

e . ~
reduced pressure and water and chloraform added. The organic layer was

A

Vacuum distillation gave 14.2 gnf (90%) of 39 [a]23 +85.2° (1% in

CGHG) as an oil which has not crvsfﬁlllied so far.

CH 3\9H

3
max 240 mu (e = 10.9 x 10°%). N.M.R.

1670 (C=0) 1620 (C=C).. U V. a

5) 3.8 (b.t. IH. CH-OH) 5.8 (b.s. 1H)

(C=CH-). : ST o ,

The tetrahydropyrany] ether 40 was prepared by dissolving enone. 39

(15.0 gm, 0.083 mol) in CH,C1, (48 ml) and adding dihydropyran (10.6 gm).
HC1 gas was bubbled ih;o the stirred reactlon mixture until the temperature
rose from gg»léoc tdi4oéc, )The.reactipn was ;tirrezefor 3 hourSIMOre
and water dand czlorofgrm ad@ed. The aqueous phase was extracted wity
chlorofarm and thé combined brg?nic extracts were washed with 5% aq. NaHCOB,

water and sat. aq. NaCl. Chromatography on silica gel (8% Ethyl acetate
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/hexane) gave 20.5 gm (93%) of 40 as an oil which also reéisﬁbd‘ |
‘ ' CH,0H
max

241 mu (e = 12.4 x 10%) N.MR. (CDC14) 6 ppm 1.22 (5. 3H.C-daCH,).

. crystallization. I.R. v cm ! 1675 (C=0) 1620 (C=C)- U.V. A

3.6-4.2 (m.4H.CH,-0"2CH-0-) 5.75 (b.s. IH. €=CH-).

—

~—

+2-[3-(1,3-dioxolan-2-y1)butoxy ]-34434a,5 ,6,7-hexahydro-4ag-me thyl-

A
-

5g-tetrahydropyranyloxynaphthalene. 42

~ *

Sodium hydride (800 mg, 99%)was stirred\under N2 at 65°C in
dry DMSO (25 mls) for 1 hour, then cooled to r.t. The ether 40
I (3.0 gn, 11.36 mol) dissolved in DMSO (20 ml) was added over 5 mins.

Stirring at 60°C for 1% hours was followed by co ing 5 room terp.
4.0 gm of the tosylate 37 in 15 mls of DMSO was .added diopwi d -
. the reaction was stirred at IOO?C for 16 hours. ~Saturated éq.
—

ammonium chioride solution was added and the reaction mixture extracted

o 5 times with ether. The combined organic extracts were washed with

water (x3) and saturated aq. NaCl, then dried (MgSO4). Concentration
and chromatography gave 1.5 gm (35%) of gg as an oil. I.R. v en !

© - 165 and 1641 (di(en)ol ether doublet). *U.V. ACHIM 241 my (= 14,9 x 10%)
N.H.R..(CDCT4) 6 ppm 1.05 (S.3H.CH,-C(OCH,),) 1.35 (5.3 Cla-CH,)
3.95 (5:4H.0-CoH,=0) 4.8 (m.1H CH = C-C) 5.2 (b.s. 1H. HC=C-0). e
; < - ’

1-Bromo-3-ch1oro-2;butene 45b

A mixture of 1,3-dichloro-2-butene (6 gm, 48.0 mmol) and sodium bromide -

\ e -
{30 gm, 0.29 mb{l%gazcetone (60m1) was ' refluxed for 18.hrs. The solvent was
removed under redu pressure and to the residue was @dded 50% sodium

" thiosulfate (600 ml1) and 75 ml of‘fther (75 ml1), The organic layer was

B T . B e N e e
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dried (PUSO4).and concentrated and distillation gave 1.9 gm (70.3%)
Lo \
, .
-— - M / <
I.R. (CHC15) & cm™! 1665 (C=C) N.M.R. (CDC1,) & ppm (d, J=1.5Hz, 3,CH3),

57-59% at water aspirator pressure.

4.1 (d. J=8Hz, 2H, CﬂzBr) 5.9 (q. of t. 1H vinyl H).

(+)5—bgnzgg]o&y-4a8—me§b1J-4,4a,5,6,7,8—hexahydronaphtha1en-Z—(3H)one. 46

The alcohol 39 (3.0 gm) was dissolved in, pyrldlne (18 ml)and
coo]ed in an ice bath to OOC Benzoy] chloride (12 gm) was added dropw1se
and the reaction mlxture was then heated on a steambath under\N2 for
10 mins then poured into 60 ml of 1ce/H20 and cautiously acidified with
conc. HCI. .30 ml of 5% Na,C05 -solution was added and the‘reaction extracted
with ether/hexane. Ihé organic solution.was then filtered on a flor
pad using hexéne as first eluent (soluble quaternary ammonium salts
fremoved). Elution éf the protected alcohol was.achieved,with ether
and cryﬁta]]izatibn f;om ether-hexane géve ﬁg,m.pt. 87-88°C.
I.R. (KBr) % cm™}: 1720 (ester (=0) 1670 (C=0) 1630 (C=C). N.M.R.
(CDC14) 6 ppm 1.55 (s.3H.C-4aCH,) 4.9 (m.lHnCﬁ:é-),S.BS (b.5. “1H. vinyl H)
7.3-8.3 (m.SHZAELE).‘ Mass spec: m/é:(r.i.)‘284 (15, M), 162 (45)
105 (100) 77 (45).
Aqaff C,H 0 : Caled. C: 76.06 H: 7.04

182073
Found: C: 76.17 R: 7.13 .

(+)-5-Benzyloxy -4ae-methy1—2—dimeth11h1drazono—3,4,4a,516)7,8~hg9ﬁa—‘

hydronaphthalene 47

Benzoate 46 (1.5 gm,5.3 mmol) was ‘dissolved in benzene (50 ml)
and a few crystals of p-toluene sulfonic acid and dimethylhydrazine

were added (2 ml). After refluxing for 16 hrs with a Dean-Stark water

separator, the cooled reaction was poured carefully into 5% aq. NaHCO3.
i) - N . ’& . N
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The layers were‘sepafated and thé'aqueoug layer extragted~with etherf
iThe combined organic layers were washéd with satd. NaCl, dried (MgSOQ)
and concentrated. Flash chromatography on a florisil péd yielded ,

,1.6 gm (97%) of 47 which has resisted crysta]]fzation. I.R. (Kér)

v el 3250-3450 .(b.OH) 1625 (C=C)" 1425-1475 (d of d, C=C, C=N)
N.M.R. - See Appendix IL Spectrum 3 |
Mass Spec: mie (r.i.) 326 (75, M) 221 (35).

189 (30) 105 (100) 77 (50). . el

(+)3-(3-chloro-2-butenyl)-5-hydroxy-4ag-me thylhexahydronaphthalen-. 2
" (3H)-gne, 48

Al.7 M sq]n of n-butyl]iphium in hexane (2 ml) Was added to

10 mls of freshly distilled THF under N, and cooled to’OOQJ Diisopropylanine
(4 mls)was added, stirred for 5 min.; and then cooled to -50°C '

2dry ice/acetgne). Hydrazone 47 (620.mg, 1.9 mmol) in THF (5 ml) was

. added with stirring over 10 mins. Stirring wés continued at room h
temperature for 2 hours. Then 0.6 gm of allylic bromide Qgg in & m]sl

of THF was added and the reaction refluxea overnight. S&turate& ammonium
chloride was édded and .the reaction mixture was extracted with chlg-oform.

3 . . ~
The combined organic extracts were washed with saturated aq. Na

filtered oh a florisil pad.. The solvents were rennvéd under\r(
pressure and the residue taken up in THF. 10‘mls.of'6N'HC1 wa§ dded
and the reaction refluxed for i% hrs. The cooled reaction mixture was
extracted with chloroform and the combined orggnic extracts washed with o

satd. aq. NaHCO3, H20 and saté aq. NaCl. Drying (Mg§Q4), concentration

- and chromatography (silica gel-ethylacetate/benzene) gave'162 mg
(31.8%) of 48. I.R. (neat) v cm

1 3425 (5.04) 1670 (C=0) 1665(C=C~C1)




&

L CH30H
max

e 3 '
244mu(c = 10.9 x 10°) N.M.R. See Appendix II
- ’ ‘g

1625 (C=C). U.V.

Spectrum 4.

”3\ ’
(+) 1-(3,5-Dimethyl-4-isoxazoylmethyl)-58-hydroxy-4ag-methyl-4,4a,

5,6,7,8-hexahvdronaphthalen —2-(3H)-one 55

To anhydrous benzene (30 m1) was added 0.89 gm (10mmol)of tert-

amyl alcohol - and potassium (.039 gm) and the mixture was

——

refluxed under N, for 2 hr. (until all K dissolved). The ‘solution’

Qﬁs fhen cooled to room temp. and THP ether 40 (2.37 gm, 9 mo])-in L.
benzene {7 mls) was -added slowly over 20 mins. Then benzene and

tert-amyl a]coho]'were azeofroped at reflux over 3% hours whilst thé L.

solvent volume was kept constant by adding fresh benzene. After;éoo]ihg

.again to room temp. the isoxazole 50 (1.5 gm, 10 mmol) in benzefie (5 ml)

was added dropwise and then the reaction was stirred at r.t.

After refluxing for 2 hours the cooled reaction mixture was_ poured

" into ice/water qnd shaken with ether (x2). After separation of layers,

Fhe aqueaus layer was acidified w%th cold 2N H2504 and also extracted

with ether. The combined organic‘extracts were washed with 5% aq.

N.HC03 safq. aq. NaCl and Qried (Mgsoq). ;Evaporation of the solvent

gave 3.6 ém of a yellow ojl'. Chromatography (silica gel; 10% ethylacetate/-.__

benzene) furnished a yellow oil from which 1.5 gm (46%) of the isoxazo]é

THP ether 54 crystallized.m.pt.185-186°C I.R. ¥.cn™' 1660 (C=0) 1620

(C=C), 1425-1455 (d. is0x.C=C, C=N). '
In another experiment 6.0 gm of crude reaction mixture (sée above)

was warmed on a steam bath together with 40 mg of p-toluenesulfonic acid

in methanol, 250 ml. The solvent was reduced ta one third its volume

over 1% -hrs, then the remainder was removed at reduced pressure. The

(4
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&

220 mu (veiled).

116

residue was diluted with ether and satd. aq. NaHCO3, the ]avers separated

and the organ1c layer washed with water, satd. aq. NaC] and dried

1(M9504). Concentrat1on fo]lowed by chrpmatography (H. P L.C., 35%

ethyl acetate/hexane) gave an oil from which 1.8 gm (41.8% from 40) of 55

crystallized (ether/hexage). [a]23 5

+136.5° (2% in CoHom.pt. 112-114°C.
I.R. 5 el (OHC1;) 3420 (b.OH). 1670 (C=0) 1628"(C=C isax) 1605 (C=C)

1425-4455 (d. isoxazole C=C,C=N) U.V. xﬁi;o“ 249mu(e = 11,5 x10°)

> -

O

* N.H.R. (CDC13) See Appendlx II Spectrum 5

Mass Spec. m/e (r.i.) 289 (100, M' ) 271 (28) 246 (62) 205 (50) 110 (3§)
162 (25). 4 '

Q

Anal: High Resolution mass spec. determined C17H2303N.

v(+)-8aa-cyano—1—(3,5-dimethy}—4-isoxazqy1metby1)-58-hydr0xy-4a8-methy1f '

3, 4 ,4a3,5,6,7,8,8a- octahydronaphtha]en -2-(1H)-one

Isoxazole 55 (350 mg, 1. 21 mmol) was d1sso]ved ina 1:1 b.v. mixture

of-benzene and THF (8 m1). To this stirred solution was‘added 3.5 ml

~of 1-2 M benzene solution of diethylaluminium cyanide ((C2H5)2A]CN)

dropwise. The reaction was stirred at r.t. for 15 mins then at 45°¢C

for 1% hrs, then cooled to 0°C (ice bath). " 2 ] of a 1:1 b.v. mixture /

of chlorotrimethylsilane and pyridine (which had been centrifuged) was’

added. The reaction was. stirred at r.t. for 1 hr'then diluted with

50/50 ether/pentane. - It was then poured. into ice cold saturated ammonium




.
s
- Trgerdgn iy sty -

. 1425, 1450 {d.isox).  U.V. X

"-~ was contlnued for a further 10 min.

. ' B
Y . ™
oo

_ch]orlde with vagorous st1rr1ng The layérs'were separated, and the
organlc layer washed w1th saturated aq. NaCi and dr1ed (MgSO4) Removal
of most of gne solvent ]ed to precipitation of a white amorphous sol1d -

58 (330~mg,_Q\% wh1ch.cou]d not be re- dlssolved and which decomposed

L above 200°C. I.R. (KBr) ©.cm™} 3350 (b.0H). 1710 (C<0), 2220 (cah),

CH30H

nax ‘?2? mp (isox).

“N.MLR. (Py). See Appendix IT Spectrum 6. . lass spec. -w/e (r.i.) 316 (31,M+)

273 (20) 178 (31&,124 (al) 110(100).

4

Anal: For C 42. Calcd: C: 68.35, H:7. 59 N: 8 86, -

1872403" ‘
X " Found: - C: 65.62, H: 7.94 N: 7.87 p

E o - ' ‘< a
[ .
(+)-58 via Kinetic Approach

A 50 ml 3-necked flask was flushed with N, and charged with 12
mls dry THF and .cooled to 0°¢C (ice bath). To the‘stirred solvent was

added via. syringe , 6.5 mls of a 25% solution of triethylaluminium in

.. o hexane (10 mmol 0.114 gm). After 5-10 mins, 6.0 mmol of . HCN

(1.1 m of 17” so]n 1n THF 162 gm HCN)was added and stlrr1ng at 0%

n'Another flask (100 m1-3necked)was. charged with-thé‘cnystalline .
isoxazole 55 (0.578;gm,2mnol), 0.018 ml of watec.and 6 mls of dry *.° -

': THF under N,. ~After the solute had’dlssolved the cold reagent .
‘(Et3A1/HCNaas above) was Introduced v1a -syringe ahd stirring was contlnued e
s for 3% hrs. Then 0 015 mls of H20 and 0.3 m]s of THF were added and stirrlng
" - ..was continued for 4 hrs more The reaction mixture was then poured

" into 9.91 ml.of conc. HCl and 124 ml of ice/water and stirred *for 20 ;

b

.. mins with coo]iné. The mixture was then extracted with dibh]oromethane.(i3),}

"

<
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‘washed with satd. aq. NaCl and dried"(NaSO4). Evaporation of the
sgiyeni furnished & white so]id which appeared to have the same

character1st1cs as 58 prepared before. Decomposed above 200°C.

‘ . Mass spec. M?G. . : :
4 ) o .
v g Anal: For C{Bo404" 2 Calcd: C: 68.35, H: 7.59, N. 8.86

Found: C: 65.77, H: 7.99, N: 7.79

- . . . ‘//

* .(+)8a—cyano-5,5-eflly'lenediox)y-4a3—metﬂy1—é-(j:r;imeth,ylsi1y10xy)—3,4,4a,

'5,6,7,8,8a=octahydronaphtha1ene,§Z" .

To a éoTutipn of the keté}-enone §§_(1.3 gm, § rmol; in 100‘m1s éf ¢ "
dry benzene was addeé’a solution o%‘diethy]a]yminum—cyanide (10 mls
oﬁﬁl 5 Mtiin C6H6’ 15 mmol) at 0°c. Thej}eahtion*was‘stirreq for"é%
hours'at:r.t.,-theh recoo td 0°C and 25 mmol.of'ch1orotrimethyi silane

(2.75 m];) in 3 mls of.pyridinawas added’and stirring was éontinued
w~' . “for 1 hrvat 20°C. The react1oh was d1luted with pentane then poured (\\\\;\
v.intO'ice'cold‘saturated ammonlum chlorlde Separation and rapid washing }
/ a with\Rge cold 5% HC] (x3) and saturated aq. NaHCO3 fo]lowed.by durying
. (Na2504) gave after conc trat1on a colourless.viscous liquid, which -
" was chromatographed‘to give 0.93 gm (48.3%) of.57. The remainder of
the mateéia] was made ﬁp of deketafized cyano:ketonel_kgyalized cyano.l

‘ketone and §tarting material. I.R. v am ! (neat) 2225 (€=N) 1610 (c=C) -

N.M.R, (CDC13) s ppm. 0.1 (s.9H. Sl1- (CH ) ) 1.1 (s 3H.C- 4a CH3, slightly
ﬁroad). 3.95 {unresolved triplet, -4H, O-CBZQHZ-O) 4.7-4.9 (2 b.s. HY
* vingl H). Mass spec: mle (r-i.) 234 (< 13,H") 249 (20) 190 (100) | b
- 162 (41) 99 (98) 86 (94)-75 (92). \ '

o - -
. .

o
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. 5-Ketofhexanenitrile 60b

L)
v

Ethyl acetoacetate (200 gm, 1.53 mbl), sodium (0.972 gm,

0.04 mol) and absolute ethanol (130 ml) were i}irred fér 0.5 hr
(until thee sodium dissolved). Acrylonitrile was added dropwise with
cooling to keep the temperature below ASOC. NB The reaction has aﬁ.
incubation period of 30-40 mins and is highly exothermic. After 2
ahrs, addition was complete and after another % hr the ethanol was '
removed under reduced pressure. Acetic gcid'(3 2 ml) in 500 ml water was
added and the water, acrylon1tr11e and a small amount of ethy] acetoacetate

was strlpped off at 80°C, under asplrator pressure Vacuum,d1st111at\\

of the res1due gave 102 gm (47%) of the monoa1ky1ated material 60C

(110°% at 0: 25 torr) as a yellow 01} N.M.R. (CDC]é)'é ppm :‘1.3

(t Jd = 7HZ 3H, CH2 ) 2.1-2.7 (m, 4H, CHZCHZCN) 2.3 (s, 3H, §§3C0)

3.7 (t.1H; methine H) 4.3(q; 2H, OCH, ;). Compound 60b (102 gm;

0.55 mol), water (900 m])\énd sodium carbonate (102 gm) were refluxed

for 14.hr and then botassium carbohate ‘was added to the bi]ayergd reaction
tofsa]t-out4the ;roduct. The iayens were separated and the aqueous layer |

e . ’ . . .
extracted several times. Combined organic extracts were washed with water

- R and satd. NaCl, 'dried‘(MgSQ4) and vacuuﬁ distilied to give 45.1 gm

~

{67%) of 60b (86.0° at 15 torr). .I.R. (neat) v em ! : 2250 (C=N)
1705 (C=0)_. H.M.R. (CDC15) & ppm: 2.3 (s.3H CHy), 2.0 (t. 2H, CHCN)
; 2.4-2.9 (m.4H.2CH,) .

&
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7-Benzyloxyoct-1-en—3-one 60

Compound 60 was prepared in é;&s manner to compound 29 by the
action of vinyl magnesium-bromide on &-benzyloxyhexanal; the latter

derived from compound 60b via a scheme similar to the transformation

~

of compound 30 to compound 28. Thus 20 gm of'aldehyde (,097 mol)
reacted with 0.7 mol of vinyl magnesium bromide to give after

oxidation of “the alcohol 14.6 gm (63%) of the vinyl ketone 60.

L4

I.R. 5 em! (neat) 1665 (C=0): 1505 (c=C)

N.M.R. (CDC14) & ppm: 1.2 (d. 3H. C-8 CHQS 5.8 (m.1H CHZ;QE;)
6.3 (m, 2H; Cd2=CH—) Mass spec: m/e (r.i.) M+:absent, 126 (10) 91 (100)
55 (20). ‘ o

- «
1 -

Anal: - Calcd: C: 77.58, H: 8.62 '

Cighagly:
Found: C: 77.69, H: 8.39

,2-(7—benzxjox&—3-oxoocty1-)— 2-methyl-1,3-cyclohexanedione 59

The coupling of 2-methyl-1,3-cyclohexanedione and 60 was achieved

in the same manner as aescribed for compound 26. Thus 6.0 gm (25.8 mml

. 0f_60 was coupled with 5.0 g of the dibnerin 225 mls DME and 0.5

- gn of sodium hydride to give 8.4 gm (91%) of 59. I.R. v cm'1 (neat)
-1698-1715 (3 C=0) N:M.R. & ppm (CDC14), 1.1 (d,3H, C-8 CH,) 1.2 (s., 3,

°

C-2 CH3) 4.5 (d of d. 2H. CHp=CeHg), 7.3 (b.s. 5H. H-H).
Mass spec: m/e (r.i.) M" abtent, 267 (4) 252 (15). 139 (20) 127 (45} 109 (10’

- -

.-91 (100) 55 (22). g

B . S N S



&«

& -

(+)—11§3-benzy]ox19u§y1)—4a6—methyj—4,4é,7LBietrahydronaphthalene-Z,5-
(34;6H)-dione. 61 ¢ -

Trione (5.3gm, 14.8mmol )’in acetanitrile (60 ml),
L-phenylalanine (2.93 gm) and 1.23 gm of 60% HC]O4 were reflyxed under

N, for 45 hours, The solvents were removed in vacuo and saturated sodium

chloride and<§glgroform added. The aqueous layer was extracted with

chloroform and the combined organic ex?racts were washed with saturated

aq. NaHCO3 soln, water and satd. aq. NaCl. Drying (MgSO4),‘concentration

" followed by HPLC (ethyl acetate/hexane 10%) gave 61 (4.6 gm,94%)

[a]%3'5
3

38.87° (2.5% in CeHe) - I.R..Q emt (neat) 1705-(C=0),

1650 (a,8 unsatd. C=0) 1610 (C=C).- U.V. xggio“ 253 mu (e=10.9 x 10°)
N.M.R. See Appendix I1 Spectrumﬁsz Mass Spec. m/e (r.i.) 340 (5,‘Nﬁ)'
234 (10) 91 (100). . -

Anal.. C22H2803 : Calcd: C: 77.64 H: 8.23

Found: C: 76.96 H: 8.39.

(+)-1-(3-benzyloxybutyl)-58-hydroxy-4as-methyl-hexahydronaphthalen-2
(3H)-one. 64 - . ' P ‘

Sodjum borohydride - (0.69m) was dissolved in ébs. ethanol (36 ml)
and this sdlutiéﬁ was added over I hr to ketone 61 (3.6 gm 10.6 mmol)
dissolveduin ab;. ethanol (125 ml) coo]ed.to,OOC; Stirring was continued
for 15 min. more then 12 mls of acetic acid added. The solven;s were
removed at aspirator.pressure and ch]oroforﬁ_an& water added. Aqueous
layer was extracted wifﬂ’ch]ﬁrofﬁrm and }Le combined organic fractions

were washed with saturated aq. NaHCO,, water and satd. aq. NaCl. Drying,

_(MgSO4) concentration followed by HPLC\gave 3.3 g of 64 (92%).




NAM.R. (CDClg) 6 ppm 1.2 (s.3H) ) (C-4aCHy) 1.25 (d.3H C-4' i

i .

[u]gS " +50.3° (1% in Cetg): L.R. S e 1 (neat) 3425 (b.0H).
1660 (C=0) 1601 (C=C). U.V.. 2030 25 ma (e= 111 x 10%).

Hs3)
3.4-3.9 (b.m. 3 2 CH-0-, ANOH) 4.55 (b.s. 2H.CH,~Cohg) 7.4

(b.s. 5H, Ar-H). Mass spec. 342 (5, M) 324 (15) 91 (100) 55 (25).

~

Anal: C22H3003 €alcd: C: 77.19 H: 8.77 0: 14.11
Found: C: 76.82. H: 9.13 0: 14.03

-
.

(+)-1-(3-benzy]oxybutx])—8aa-cyano—SB—hydroxy—4a8-methy]octahydro

naphthalen-2(1H)one (66)

(+) Hydrbxywketoné_gi (2.8 gm, 8.2 mmol) was dissolved in benzene

(36.m1) and toluene (9 ml) and cooled to 0°C. 20 mls of a 1-2 M-solution

&

- of diethyl aluminium cyanide in benzene was added dropwise. Stifring

was continued at 0°C for 15 mins then at room temperature for 3 hrs
The reaction m1xture was then poured into 20 ml of 10% aq. NaOH and
20 gm 1cefw1th v1gorous stirring. After stirring for 15 mins (ice cold)

the reaction mixture was extracted with thloroform (x4). The combined

organic extracts were washed with satd. aq. NaHC03, satd. aq.-Na(Cl

~ i - -
and dried'(bb304). Concentration and chromatography (silica ge];

ethyl acetate/benzene : 20%) yielded 2.7 gm (8&\33\\0f &{,Do ketone

23.5

66 [ay™ + 23.4° (1% in CcHg) as a waxy semi so]1d

I.RS ¥ cm'1 (neat). 3440 (b.OH). 2225 (C=N); 1710 (C=0). K.M.R.

(CC13) 6 ppm: 1.15 (s.3H.C-4a CH,), 1.22 (d.3H.C-4'CH,), 3.35-3.95
(b.m. 3H. CH-0B,, CH-OH,O0H) 4.5 (d. of d. 2H, CHy-Ar), 7.4 (S!5H.ArH).
Mass spec: m/e (r.i,) 369 (<1% M') 282 (6) 2637(32) 262 (20) 207 (20)

107 (15) 91 *(100).

122
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Anal: C23H3N03 QaTcdir C: 74.79 H: 8.40 N: 3.79 . . -
Found: C: 74.48 H: 8.29 N: 3.55
The hydroxy keta] (+) 74 was prepared in the standard manner by refluxing

(+)64 (540 mg, 1.46 mmo]) in benzene (40 m1), ethane dial (6 ml) and a

few crystals of E-toluene su]fon1§ acid for“;ﬁ hr. WUater was added,

the lavers sepa#ﬁted and fhe=aqueous,layer was extracted with ether (x2).
The combined qQrganic extrqcts were washed with satd. aq. NaHC03i then
satd. aq HaCl and dried (MgSO4)t Concentration led toié»colour1ess

Viscous 011 ~ 560 mg (93&) I.R.:345092:;9y9.2220 (CzN). No C=0 abs.
3) 1.25 (d. 3H ?;4f CHz) 3.9 (m.ndu-_

N.M.R. (CDC131 § ppm:. 1.2 (s.3H: C-4aCH
. w

0CH, CH,0-) -

BVAN
(+) 1—(3-bengy1oxybu;y]lfaaa-cyéno-4aé~methxj—3,5)4a,7,8§a—hexahydronagbﬁha]ene—’
» Y - v ) ] . ]

2(1H) ,5(6H)-dione (67) ~

© >

AN

Hydroxy compound (+) 66 (140 mg, 38 mno’ hwas dissolved in ether

.10 m], and 0.6 mls of standard Jonesvreagent110 was added dropwise at 0°¢

AW otk e A el AR AL T g <
"

E ‘ with vigorous sktirm'ng. .Stirring was continued over a 2 hr period over
which time. the react1on was allowed to warm to room temperature é mis
of 1sopropanol were added followed by 25 ml of ether and 25 mls of water.
Stirring was contlnued for 20 m}ns. The ﬂ‘}ers were separaggﬂ and the |
aqueous layen'extracted with etherh(x2). The cgmblned organic extracts ‘ 3-
were uashed with sapd, aq. HC03,'then éatd. aq. NaCl and dried (MgSO4).
,Flash-chromatography on assiljca gel pad (2% ethylacetate-benzene)gave 97 mg (70.2%)

- ) 23.5 »

(82.2% based on, recovered starting material; 22 mg) of (+) 67 [a]n

. 10.6° (2% in Cclig) which crystallized from ether/hexane. mpt. 96-98°C. S

L N >
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s i . . 0

1R el (KBr). 2225 (C=N), 171Q (b.C=0). HN.M.R. (CDCl,) & ppm: ,
1.22 (d.34.C-4'CHy) 5 1.3 (s. 3H; c-ﬂifgé) 3.3-3.8 (m.1H.CH-0Bz).

Mass spec: m/e (r.i.): 367 (3,M°)., 30 (8) 260 (15) 91 (100).

Ana]; C23H2903N -Caled: C: 75.20 H: 7.90 N: 3.81

~Found: C: 75.41 H: 7.79 N: 3.68

-~

The éig cyano ketoné (+) 68 was prepared as follows: Dione (+) 61

(200 mg, 0.583 mmol) was dissolved in benzene (6 ml) and toluene (1 5 m])

Yt was cooled to 0°C and 2 mls of 1-2'M solution of diethylaluminium

cyanide in benzene was added dropwise. The resulting solution—wai'

stirred at room temp. for 45 mins then at 45°C for 1.5 hr. JThe
reaction‘mixture was. poured into jce cold 10% aq. NaOH, stirred vigorously

for 15 mins then exESacted‘with chloroform (x3). WNork up and flash o
chromatography as foﬁ (+) 66 gave, after crystallization from ether/hexaxe

23.5

174 qg‘igg%) of (+) 68 (1235 + 0.6% (5% 1n CJH), mpt. 84-862C.

6'lg) >

Spectré]ldata same as for (+) 67.,

Trans _cyano_ketone (+)-£9 via kinetic approach.

A 50 ml 3-necked f]ask was flushed with N2 and charged w1th .
hydrous THF (20 ml1) and cooled to 0°C. 3.99 gm (35 mmol) of tr1ethy1-
‘aluminium (15.96 gm-of a 25% solution ing hexane, 24.15 mls) was
introduced via syringe with Stinring. After 8 mins. 0.66 gm (25 mmol)
of HCN (3.97 Qm of a 174 soln in'TﬂF, 4.7 m]).was added andAstirring
" continued for 10 mins;mpre. To a dry 150 ml .flask flushed with N2 was

added 0.6ml of water followed by enone (+) 61 (.17 gm, 5 mmol) in

THF *(15 ml)via syringe. After 5 mins stirring‘the cold reagent (ex above)
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.was added via syringe and the resulting yellow Eolution stirred at r.t.
for 3 hrs. Then 0.05 mls of water and 3 mls of THF were added and
stirr%ng was continued for 4 hrs mor?.' The reaction mixture was
poured §10w1y into 70 mls of conc. HCl and 500 mls ice/water. Stirring
was continued for 20 mins then the reaction mixture was extra?ted with
chloroform (x3). The combined organic extracts were washed with 2M

NaOH, H20 and satd. aq. NaC]Jthéh dried (MgSO4). Concentration and

flash chromatography yielded after crystallization (ether/hexane) 1.3

gn (70.8%) of (+) 69 [a]23 57.3° (1.5% in CeHg) m.pt. 97-98°C.

™ (87.3% based on recovered starting material; 320 mg); Spectral data
- b
as for 67 and 68.
Anal: £,3Hy005N, Calcd: 75.20 H: 7.90 N 3.81 - , -
: . Found: 74.58 H: 8.00 N:3.77
(+)~1-(3-benzvloxybutyl)-3,5-dihydroxy-4as,8aa-di met& decahydmhn;'phthal ene
- 82 '

Hydroxy cyano ketone (+)-66 (400 mg, 1.08 mmol) was dissolved in
_ dry benzene (25 ml) and dry toluene (7 ml). To this Stirredvso]ution
* was added dropwise a 25.8% solution of diisvbutylaluminium hydride in
toluene (5 mls). Stirring was continued overn1ght then the reaction ,;ﬂ
mixture was poured carefu]]y into 50ml of 10% aq. KOH and 25 gms of 1ce
Aftef stirring for 15 mins, the reaction mixture was extracted.M1th
ch]oroform (x3) then .the organic extracts vwere filtered through a pad :
of’hb504. Concentration and removal of t%SIdual solvent upder vacuum
'(10-2 gdrr) gave the‘dihydroxy imine 81 as a foam.

-1

I.R. (neat) v am™': 3450 (b. with shoulder, 2 OH), 1601, 1612 (C=N).

. <
-
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The crude imine 81 was dissolved in T.E.G. (30 m]),;nd hydrazine hydrate
(3 mls) was Edded,'fol1owed by hydrazine dihydrochloride (9.75 gm).
The reaction mixture was stirred under N2 at 135°C (internal tempf
after whlgh hedﬁang was suspended Crushed KOH pellets (3.75 gm) .
were adréd portion wise, heat1ng was restarted.and for 1.5 hr and vqglatiles
were a]ﬂowed to distill off at 155-160°C under'a positive Nitrogen flow.
'The&LJQat1ng was continued {(without dlst111at10n) for 6 hr at 165-170°C
under N2 after which the reaction was allowed to cool overnight, )

_then poured into water and extracted with chloroform (x3). The combined

chloroform extracts wene washed with satd. aq. NaCl, dried and

concentrated. Chromatography (silicazgeli 159 Ethvl acetate/hexaxe)
34%)

.gave 3 products.(a): 82: [a]23 5 4 19.9° 21%, CGHG), 132 mg

o >1.R. 3300 (b.d. OH) N.M.R.: See Aﬁpgﬁéix I Specirumulg: Mass spec:
m/e (r.i.) 360 (<1% t'), 342 (<1%), 135 (18) 109 (20), 91 (100).

Anal: 0y: Calcd. C: 76.66 "H: 10.00

CCodtsg

Found: C: 75.47 H: 10.72 ' —
(originq] sample insufficient for duplicate analysis. HNew sample to

o " be checked for purity before being sent for duplicate re-analysis).

(b) 83 : 46-mg (11.8%). Spectral data similar to that of 82 except that

in the n.m.r. the two hethy] sinolets are shifted qunfie1d by 6 Hz.
T s
(c) 84: 66 mg (17%). I.R. (heat) v cm'l. 34007(b.OH) 2220 (C=N).

CN.M.B. (CDCT5) & ppm: 1.0. (s.3H.C-4aCH;) 1.25 (d.3H.C-4' CH,) 3.4-3.9

3) 3)
( .5H. 3CH-0-, 2-OH). Mass spec: m/e (r.i.). M’ absent 91 (100). The rest

was inconclusive.
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(+)-4a8 ,8aa-dimethyl-1-(3-0xobuty1)-3,4,4a.7.8,3a-hexahydronaphthalene-2-

(1H), 5(6H)-dione 98 ‘

. A}

' . '
Hydroxy” cyano compound (+) 66 (550 mg, 1.49 mmol) was dissolved

in anhydrous ethanol (60 ml) and 150 mg 10% palladium on charcoal was .
' added. .This was hjdrOgenated under 1 atm of hydrogen for 16 hours,
filtered on a celite pad and concentrqted;vresiduﬁl solvent being
removed under pump vacuum (10‘torr). The white foam showed up as
two spots on tlc I.R. 3400‘(b.OH). 2230 (C=N) 1715 (weak C=0)
displaying hemi-ketal predominance. '
. The crade-mixture (180 mg, 64 mmo1) was dissolved in 15 mls
of ethet and cooled to 0°C. To thus wés added dropwise a solution
of 0.6 gm of Cr0, in 6 mls ofrBN‘H2504. Stirring was continued at
) 0°C for 1 hr then allowed to warm to room temp. over 2 ‘hrs. The
supernatant liquid was.decanted and’25 mis og\satd.'aq. NaCl was
_ added followed by extraction withlethef"(x3). The combinad organic
extractsbwere washed with satd. aq. NaHCO3, satd. ag. NaCl and dried
(MgSO4). Concen}ration{ fO]IOWEd,EV‘ﬁlfs chromatography (silica gel,
. 5% ethylacetate/benzene) gave an oil from which 121.5 mg (69%) of
98 crystallized. mpt. 104-106°C. I.R. (KBr) S cm™* 2225 (C=H),

1

1700, 1710 (3C=0). N.M.R. (CDC13) & ppm 1.25 (s.3H,C-4a CH,) "

~, .
.2.15 (s, 34, CH,-C=0). Mass spec: Pending at time of thesis.

‘ Anal: C26H21N03 caJCd:, C; 69.82, H; 7.64, N; 5.01

€35 70.47, H; 8.065 N; 4.86

‘.
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SECTION 3

88-(te£rqjydmpyrany1 -2'-oxy)~1,4ap, 8ag-trimethylhexahydrophenan tllraQ
1(10a) ,4b(5)-dien -2 (3H)-one 96

i

57,122 (2.0 gm, 10.6 mm) ‘diss Tved in -

The h\Ydr‘oxy enone 90
methanol (25 ml) was added to a stirred 'solutio_n of spdiufn methoxide
(1.08 gm, 20 mmol) in methanol (25 ml) at 0°C under an N, atm.

Ethyl vinyl ketone (1.2 gm,14.3 mm'ol) in‘5 mis methanol was added after
5 mins and the redction mixture was refluxed overnight. , It was then
_cooled and poured into ice 3N/H2504 and extracted with ether (x3).

The combined ether extracts were washed with water, satd. aq. NaCl

and dm‘éd (Mgsoq). Column chromatography (silica gel, ether/pet ether) X

yielded 1.8 gm of an 0il from which 1.45 gm (52.5%) of the hydroxy

diene—one\g_l_ crystallized (ether/hexane). mpt. 139-140°C. épectra]
102 '

8

data identical to authentic s-ample
A _so]ution of the crystalline. hydroxy compound.91 (2.0 gm; 0.68 mmol),

" freshly distilled 3,4-d1’l\ydropyran (;l\ml), ether (4 ml) arnd a few’

crystals of p-toluene,sul fonic acid was stirred at room temp. jfor 2k

hours and was then diluted with 5% aq. NaHC03. The reaction mixture

was then extracted with ether (x3) and the combined organic extracts were

washed with satd. ag. NaCl; dried (Mg§p4) and concentrated. Flash

chromatography (sﬂica gel, begzene) gave 2.3 gm of 96 (86.9%) as an

oil. I.R. v en! (neat) 1665 (c=0) 1610 (c=C). U.V. a0 3M 249 mu (e = 10.1

x‘103).  N.M.R. (CDC]é) 5 ppm: .1'34 (s. 3H. Csa ~CH3) 1.45, 1.47 .

25.31.Cg,-CH4) 1.82 (s. 3H. Cl-Cﬂ3) 3.8-4.0 (m, 1H, CB~§_) 4.6-4.72

(Wi 1H,C,-H), 5.4-5.5 (m.1H, CeH). Mass spec: m/e (r.i.) 344 ()

-

Anal: c22H3203 Calcd: C: 76.70 H: 9.36 ¢

 Found: C: 76.48 "H: 9.52
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83-(tetrahydropyranyl-2'-oxy)-1, 4ag, 8ag-trimethyl-2-(trimethylsilyloxy)-

3,4,42,6,7,8,8a,9,10,10a-decahydrophenanthrene 97

| To a solution of lithium netal (0.4 gm, 52.5 mmol) in distilled
. ammonia (250 mls) was added dropwise the THP ether gg_(ﬁ‘gm, 17.5 mmol)
| r;dissolved in dry T.H.F. (72 m]s) Eontaiﬁ?ng 1.03 gm (14 mmol) of tert-
lbutano]. The reaction was stirred for 5 mins and the excess 1ithium
was destroyed by addition of soaium benzoate. The amhonia Qas removed
‘byvgs;éful evacuation ;t 20-490C under aspirator pressure and the
solids tgken up- in 100 mls of drj‘ﬂimethoxyethgne. The rééction
mixture was then quenched with a mixture of chlorqtrimethy]si]ane (3.55A§m)
and of triethyl amine (3.03 gm) (which had been éentrifuged); and was
. stirred for ZS mins more. Ice cold satd. aq. NH401 was added and the
reacgion extracted with ether (x3). The o}ganic extracts were dried
(MgSOa), concentrated and chromatographed (silica gel, ether/pet ether)
which.géve 3.0 gm (42%) of 97 as a white §emi—solid. I.R. v em L (neat).
no (C=0) abs. N.M.R. (CDC13) Seé Appendix 1I Spectrum 13.U—Mass spec:

: 418 (8, H') 333 (8) 244 (12) 210 (13) 119 (20) 105 (33) 91 (50) 85 (100).

Elemental analysis shows low siljcall\ye1. B : N

85-(tetrahydrqpyranv1—2‘-ggy)-1,ﬁas, 8ag-trimethyl decahydroﬁhenanthr-

o

4b(5)-en —2- (1H)-one 96b

A 1.75 M solution of methyl Tithium (0.3 ml, 0.52 mmol) yas
added to a flask and the ether removed at aspirator pressure.

Dimethoxyethane (2 wl) (freshly distilled) was added followed by the

enol silyl ether 97 (180.mg, 0.42 mmol) in DME (2 ml) dropwise. The

- N
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. reaction was refluxed for 1% hrs , then cooled and the tosylate 3
" (161 mg, 0.5.mmol) in DME (2 ml) added. The reaction was refluxed

overnight, cooled and satd. aq. NH4C1‘added.' It was extracted with

ether (x3) dried (Mgsoq) and concentrated. Chromatography (prep plate)

gave 98 mg (68%) of96p (slightly contaminated by tlc). I.R. (neat)

vem'l: 1705 (C=0) n.m.r. 0.98 (2s. 3H. C-8a CHy), 1.05 (s. 3H.

C-4a Cﬁ3) 1.21 (d. 3H. C-1 CH;) 5.5 (m. 1H. CH=C).

3)
No mass spec. nor elemental analysis undertaken.
'75~80%~of tosylate 3 also recovered in an impure form.

T _
1,4a8-dimethy]—58—#ert—butoxy—4,4a,5,6,7,8—hexahydronaphtha1en-§j3ﬂ)J

gl

gne 103 T

57,102

Thg hydroxy compound 90 (3.69gm, 19.0 mol) in 150 ml of

/ - .
dry gichloromethane (100 ml) was cooled to -20° in an ice/acetone bath .

BF3:etherate,(O.98 mol 7.88 mmol) and crystalline H3PO, (.761 gm,

7.88 mmol) were added and stirred for 10 mins. Liquid isobutylene

(175 ml, 185 mol) (dry ice/acetone collected) was added amid vigorous .

stirring then the reaction flask was stoppered witb a clamped %eptum,

with a fine syringe needle being used as an exhaust valve. The reaction -

mixture was siirrg! for 3 hr and then poured into 2N aq. NH40H with
stirring. The ]ayerSﬂWG!Q separated and the aqueous lgxer extracted
with dichloromethane. The-egmbined organig;extracts were washed

with 2N NH40H, Qater and satd. aq. NaCl and filtered on a f]o}isil
pad with ether elution. Column chromatography (15% ethylacetate/hexa

gave 4.0 gm of an o0il from which 3.75 gm of 103 crystallized -
: .

i

ne)
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---methylsilane

o o131
\ ‘ .

mpt. 29-32°C (78%). I.R. {KBr) v cm! 1680 (C=0) 1600 (C=C) no OH abs.
UV, 330250 my. N.MLR(CDCTS) 6 ppm: 1.05 (sy 3H. C-da=CH) 1.2

; (s.9H.t-buty1 cg3) 1.85 (s. 3H Ci- CH3) - _
‘ \n/e (r.i.) Mass spec: 250 (5, M ) 126 (100) 124 (40)

Anal: C16H2602: Calcd: C: 76.80 H:.10.40 ‘ »
' Found: C: 76.53 H: 10.29,

2-trin)etl1,Llsil;y1-lj)enten-—3-one. ‘104 ° (\
g =

To clean magnesium 'shavings (12 g'm) covered with 100 mls of

) freshly distilled THF v;as added a few dmos of “ethy]enerd’ibromide and
e . ”'ﬁ crystal of iodine. . When reflux was startad 40 gm of a-br‘ofnoviny]tri- :

107 55 THF5(200 wl) was added droo\yise in order. to maintain

" ‘gentle reflux. At the-end of addition, the reaction was refluxed

F oA
v

more. The‘cooled rea -':i

Tew m]s of 1. N HGY and ex r'acted with ether (x4) The combmed

for 45 min-é mo‘r:e then treated with dry distilled propionaldehyde (15.0, gm)
1n THF (90 m]) at genjge reﬂu)\, then heated at reflux for 20 mins |

mixture was then treated. carefu]]v with a

orgamc ex;tracts were filtered and concentrated at aspirator pressure .

)'Xto give 19 ‘gm of crude 2- tmmethylsﬂyl 1-penten -2-01 N.M,R. (neat)

"

6 ppm-Q.2 (s. 9H. 51(cn )3):1.05. (m. 3. CHyCH,) L. 41.9 (m.2H o4 CH3)

,.-then/stlwed for ¥ hr whﬂe warmmg to room temp. - A few mls of °

1sopropenol were added followed by water and ether The layers were separated

~»42(m..2H 0__)55 59(d0fdd 20 Hz. .vm_yl__)

-

‘The crude qlcohol (19 gm) Was d15501 ed in 90 mls® ether and cooled to

100°c. 50 m'ls of standard Joc’res oxitynt was added dropwise at 0°C o !

.and the aQueous 1ayer "Was . extracted with ether. The- combined organic

- extnactstfaxahmshed with fcg,cold 0.05 N HaOH, then water and filtered -

L]

. . ’
S [ . “

..

)
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on a florisil pad. Flash chromatography (silica gel, benzene) gave
117.2 (46%) of 104 I.R. (néat) v cm ) 1665 (C=0):1605 (C=C) N.M.R.
(neat) & ppm: 0. 2 (s 9H. Si-(CHy)q) 1.2 (t.0 = 7 Hz. 3H.CH,CH

3)
2,75 (q. 9 =.7 H;, ZH, CH,CH3) 6225, 6.65 (d of d, J = 2Hz,J = 2Hz,

\ 2H, vinyl H). ~ ~ ' :\ﬁﬁx ‘

8g-(tert-butoxy)-1,4ag,8as-trimethyldecahvdrophenanthren-2- (3H)-one

6
, Lithium (1. O'Qm ) was dissolved in dist%]ledAammOHium (300 ml)

and enone 103 (7. 0 gm 28 mmol.), tert-butanol (O 63 gm 23.8 mmol) 1in

dry ether (100 mls) was added dropwise over lo m1ns§!;hen stirred

for. 1 hr. Excess: lithium was destroyed with bromobenzene and the

<
ammonia was taken off under aspirator pressure. The residual salts .
rd
were dissolved in .dry dimethoxyethane (100 mls) and stirring was

L, N

continued for 20 mins.- The reaction mixture was then cooled to 78°¢

and silylated enone 104 (7 0 gm) in DIE (10 m]s) was added Stirring 4
was cont1nued at -78° C for 15-20 mins then at room temperature for 2
’ ~hr.. Satd aq NH4CJ was added and the react1on mixture extracted with
ether (x3). The organi¢ extracts were f1ltered on a florisil pad with
ether elution and then concentrated at reduced pressure. The residue
was taken up in 5% sodium methoxide/methanol (140 ml) and refluxed
for 5 .hrs then';ZIrred overnight. It was then-poured into ether
(75 m1) ,and water was added. The layers were separated and the aqueous
layer extracted with ether (x3).  The combined organic .extracts were
7 washed with-water (x2), satd. ag.-NaCl and dried (K2C03). Concentration
and column chromatography (15% ether/pet ether) gave 4.2 gm (48%) af 98

Y . . ° 9

as an oil




' [ . %
. . : o , o 133
,A 1
I.R. *(neat) v cm™}: 1660 (C=0) 1615 (C=C). U.V. AC232H247‘mp(s = 13.4 x 10%) -
H.M.R. (CDCT5) ¢ ppm: 1.15 (s.3H. C-4a CHy) Y72 (s.9H. t-butyl CH,) 1.21
(s. 3H. C8a-Clj3)'1.85 (s. 3H. : C1 CH3). Mass spec. m/e {r.i.): 318
- (4 M) 262 (10) 212 (15) 194 (100) 138 (60) 123 (30).
CAnali CpHgg0, Calod: €:779.25 H: 10.69
Found: C: 79.41 H: 10.47
Ch?omatographyualso gave 1.7 gm (24%) of 107 I.R. (weat) v oL 1708
e N , :
N (C=0). N.M.R. (COCl;) & ppm: 1.0 (d.3H. J = 6Hz, C-1-CH;) 1.15

(s. 3H. C-8a CH,) 1.2 (s. 9H. tert.-butyl CH

3) 3)'

. In another experiment, the saturated ketone igl (800 mg, 3.17 mmol) was/
dissolved in dry tert-butanol (10 ml) aﬁd thislso]ution was added_to a
stirfing éoiution of potass{um tert-butoxide(300 mg) in tgr;;butanol .
(30 ml). After stirring for 10 mins at room température the silylated
enone 104 (560 mg, 3.56 mmol) in tert-butanol (1 ml) was added "
dropwise and the reaction stirred overniéh;. Water and etger Wfre i' \
;dded and the layers‘separqted. The aqueous ]ayer was extfactéd
with ether (x3) and the combiped ethereal extracts filtefed 65 a
florisil pad, then coﬁ rated. The residue was é%ken.up in ,
.methano](ZSml)to which was addgd Potassium hydroxtde (0.5 Qm) and watérv‘

' (? ml). The whole was refluxed for 16 hrs then pouredvjnto_water ana .
ether._ The layers were sépérated aqd.the/adueous layer extracted with -
ether. The combined organic extracés were washed with water and satd.

aq. NaCl, dried (Mng4) and concentratgd. Column chromatography (ether/pet

ether) gave 625 mg: (62%) of enone 98. Spectraﬁ data and r.f, identical

to sample prepared as above.




7-benzyloxy-2-trimethylsilyloct-1-en-3-one 99

a-bromovinyltrjmethy]si]ane107 (14.6 gm, 81 rmol) wa; added
dropwise to a stirred mixture of magnesium (5.3 gm) and THF (25 ml), .
at a rate sufficient to maintain gentle reflux. At the end of addition
the reaction mixture was rgfluxéd for one hour more, then cooled to

0°c. _ 5-benzyloxyhexanal 102 {preparation described before){12.5 gm,

61 mmol) in dry ether (25 ml) was added dropwise and the mixture 3
.stirred at yoom temperature overnight. Satd. aq. NH4C1 was added d
:and tﬁe‘;91étion Tixture extracted with ether (x4). The combined
extracts were washed with satdﬁ aq. NaCl, dried ( K2C03)‘$nd

-« concentrated. H.P.L.C. (15% ethyl acetate/hexane) gave 13.9.gm

(75%) of the allylic alcohol. I.R. (neat) v cm'} 3400\(5.0H),

The alcohpl 12.8 gm (41.6 mmol) was dissolved in ether (60 mls)

and cooled to <§°C. ‘Standard Jones reégent (3.75 mls) was added

dropwise at O°C.v The reaction was'stirrgd‘for’30 min at 0°¢ then

3 m]sAof i;;propanol added. 60 mls of water and 120 mls of ethlr
were added and the reaction stirred fof’lg mins more. Layers were
. ® separated- and, the aqueous layér.extracted’with ether. The combined

- ~organic extracts were washed wi;h ice cold 0.05 N NaOH,water(x2),

satd. aq,NaCl- then filtered on'a Florisil pad. Flash chromatography-
- . 7 : ‘ ' ;

~(silica gel, beniene) gave 11 gm (86%) of the enone 99.. :

.ﬂ\ I.R. (neat) v cm ! 1670 {C=0) 1608 (C=C). - N.M.R. (CDC1;) 6 ppm: =
\

% _ : !
. 1.25 (d. 3d: -8 Cliz) 0.25 (5. SH. Si-(CHg)3 4.6 (d. of d. 2H.CH,-Cyhg)

~

6.2, 6.6 (d.-of d. 2H vinyl H's). 7.4 (b.s. 5H. Ar.H)

+

Mass spec: m/e {r.i.) M abs. 127 (45) 81 (100) 73 (50).

&
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8g-(tert-butoxy)-1,4as, 8a8-trimethy]dodecaﬁyd[gphenanthreQ-Z—(lH)—dne 109

and 1-{7-benzvloxv-3-oxooctyl)-88-(tert-butoxy)-1,4a 8,8ag-trimethyl-

L] )

dodecahydroohenanthren—Z—(3H)-Oﬁe- 111~

To this solution was added enone 98 (1.0 gm, 3.15 mmol)and tert-amyl alcohol

Lithiun (O,iS gm) was dissolved in distil]ed ammonia (50 ml)

(0.3 gm) in dry ether (10 ml) dropw{se and,at reflux. The reaction was
_stirred at reflux for 40 mins then a few drops of bromobenzene added
and the ammonia red;;ed udder reduced pressure. The residue was tdken
up in dry dimethoxyethane (40 m1) and then cooled to -78%¢. The
silylated enone 99 (1.45 gm, 4:7'mmo]) in DME( 10 ml)was added and the

reaction was stirréﬁ for 16 hrs at room temp' Satd. aq NH C1 was added

4
and the react10n mixture was extracted with ether (x3). The combined
organic extracts were washed, with water, satd. aq. NaCl and dried
'(MgSO4).' Concentration and column chpomatography yielded three main
p}qducts:-" \\ .

1: 109 575 mg (57%) I.R. (neat) v cm > 1705 (C=0)

~ N.M.R. (CDCI,)éppm: 0.35 (s. 3H. c-4a-cn3) 1.0 (s. '3H.£8a—CH3) 1.05 (d.
(3. C1-Gy) 1.15 (5. 9H. tert-butyl-GH;). o ‘
Mass‘spec: m/e (r.i.) 320 (15, ) 200 (25) 140 (100).

2: 111 305 mg (17.5%). I.R. (neat) S cm > 1705 (b.

2(C=0) H.M.R. See Appendix II Spectrum 11.

3: 110 182 mg (18%) mpt. 87-89°C. 1.R. (KBr) v cm 3380 -(b:OH)
No(C=0)-abs. N.M.R. 3.5-3.75 (m.lH}CﬂpH) 3.1-3.3 (M.2H.CHOR,CHOH)
1.25 (s. 9H. tert-butyl’ CH3), 1.05 (s 34.C-8a CH ) 0.9(s. 3H. C4a- CH3)
0.95 (d. 3. C-1 CH3)

N.B. Yields of 111 improved to 23.5% when 480 mg (1.5 mmol) of substrate

-1.

was used. 3
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vmg (77%) of 109. Spectral data and R identicgl\tf sample prepared
) {

- Ketone 109 via Bfﬁgh reduction of 98

. \
Enone 98 (600 mg, 1.8 mmol) was dissolyed in dry THF (20 ml)

and dry ether (30 ml) and this solution was added dropwise to a
stirring solution’of 800 mg of lithium (800 mg) in undistilled
ammonia (200 ml) at reflux. Reflux was continued for 35 mins and the
réaction quenched by cautious addition of solid NH4C1. The ammonia
was allowed to evaporatetovernight and the resjdue taken up in ether
and water. Thevaqueous phase was extracted'with\etﬁer (xé) and the
combined organic extrgcts filtered on a florisil pad. The ether was
taken‘hff undar reduced pressure and fhe residue redissolved in ether
(30 ml) and cooled to 0°C. Standard Jones reagent was added dropwise
till a dense black gum resulted andgthe reaction stirred for 0.5 hr

more. WHater and ether were added and theilayers separated. The

" aqueous Jayer was extracted with ether and the combined-organic extracts

washed with 5% aq. NaHCOé, water, satd. aq. NaCl and dried (Na2504).~

Flash chromatography (silica gel, é% ethyl acetate/benzene) gave 440

before. o , | N .

1-(§-benzy1ox¥butxj)-78-(tert-butq5¥)-4a8,6as,1Qb8-trimethy1-4}4a,4b,5,

6,7,8,9,10,lda,ll,lZ—trans-antﬁikcgns-anti-tetradecahxdrochrysen-Z

. {3H)-one 112. ' .

M

Dione 111 (100 mg, .18 mmol), isopropanol (10'ml) and 10% aq. NaOH

(8 m1) vere refluxed for 26 hrs under Nz.. Water-and ether were added -

‘tq the cooled reaction mixture and fhe Tayers sepaéated. The aqueous

layer was.extracted with ether (x3) and the combined organic extracts

concentrated and filtered on a short florisil pad with 10% ether/benzene

.

.
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elution. Prep. plate chromatography gave 36 mg (89.4%) of 112 as an

0i1 which has so far not crystallized. I.R: (neat) v cm'l 1660 (c=0),
S . b . JCH30H

. 1601 (C=C): U.V. 3703

Spectrum 8 . Mass spec: m/e (r.i.) 534 (3, M‘) 443 (5) 428 (5)

252mp(e = 12.7 x 10 ) N.M.R. See Appendix II

107 (15) 91 (90) 57 (100).

H54 3 Caled: C: 80.89 H: 10.11 °

\" Anal. C36

Found: C: 78.14 H: 10.76 .
Fresh re-cleaned sample will have to be sent.off fOr re-analysis since

ra
carbon value is low.

" ' <
In another experiment - ketone 192_(160 mg, 0.51 mmol) was dissolved
in tert-butanol (6 ml1) and potassium ;ggg butoxide (20 mg) added; and
the reaction stirred for 15 mins. Silylated enone_ 99 (250 mg, 0.82 mmol) -
\ _  in tert-butanol (3 ml) was added and stirring continued overnight. Water
and ether were added and the layers senarated. The aqueous layer was
extracted with ether (x4)nand the conbined‘qrganic e‘!?ﬁkts filtered
on a shnrt florisil pad. The ether was removed under reduced pressure
. and the residue taken up in methanol (10 ml) and KOH (60‘mg) in wateree.. .
(2 ml). The:mixturg was refluxed for 28 hours, cooled énd éater“and
i o o ether added. The aqueous layer was extracted with‘ether (x4) and the a t
combined ethe“ea] layer filtered on a florisil pad. Concentration,
_followed by flash chromatography (silica gel, 1% ethyl acetate/benzene), o
gave 230 mg gélnrude material which was puri?ied by prep. t.7.c. to give ‘
64 mg<(23.6%) of 112. Re - and spectral data ‘identical to sample “

- prepared as above.

R
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1-(3-benzyloxybutyl)-7§-(tert-butyl)-12aa-cvano-4ag, 6ag. 10be-trimethyl-

. 3,4,4a,4b,5,6,6a,7, 8’/110 10a, 10b 11 12,12a- transrant1 trans- ant1 trans-

v

y
hexadecahydrochcxsen 2(1H) -one 117

A 25 ml 3-necked flask was flushed with N, and charged with dry THF ,/
(3 ml), then coo]ed to 0%c. 0.91 gn of triethylaluminium (1.3 ml of ot
a 25% solution in hexane) was introduced via syringe to the stirred '
_so1vent.‘ After 8 mins, 1.2 mmol of HCN (0.25 mls)of a 17% solution
in THF was added and stirring was continued for 5-10 mins more. A dry

50 ml 3-necked flask was flushed with N, and water (0.004 ml) was added.

2
Enone 112 (164 mg, 307 mmol) in THF(5 mD was added and stirred for &
mins. The cold HCN/(CZHS)ZAI reagent (éx above) was .added via syringe
,and stirring is continued for 3 hr. After 3 hr. water(Q.3u]) and
.5u1 of THF were then added and stirring continued for 4 ﬁrs more.

* The reaction was then poured into:Rmes of conc. HC! in 30 mls {ce/H20'

1

and stirring continued for 20 mins at 0°c: The reaction mixture was

then extracted u1thiiiiploromethane (x4) washed with aq. 2M NaOH (x2)

) water (x2), satd aq. NaC] then dr1ed (MgSO4) “Concentration fallowed
by prep. plate chromatography gave 149 mg (87%) of.cyano compound 117.
IWR.,(nea;)lfkcmhl.v 2220 (C=N) 1705 (C=0). N.M.R. SeerAppendix 11
Spectrum 9. Mass spec: m/e (r.i.) 561 (M, H'). 505 (15) 455 (7)

396 (35) 91 (100) 57 (65). |
Anal: CyMgghOy: Calcd: Cf°79.14 H:9.80 H:2.49
- Found: C: 78.77 H: 9.69- N: 2.37




The cis cyano ketone 118

Enone 112 (58 mg, 0.11 mmol) was dissolved in benzene (10 ml) and
aiethy]aluminium cyénide (1 m1 of 1-2 M soln) was added. The réaction
was stinged at room temperathre for 3 hrs and worked up as for compound
(+) §§;and (+) 68. Prep. plate chromatography gave 51 mg (83%) of compound
118. R . 0.93 of R of compound 117 by analytical t.l.c. Spectral

f f
“data identical to that of 117, Mass ‘spectrum pending.

The hydroxy Eompound 119 and attempted Holff-Kishner

Cyano compound 117-(86 mg, 0.15 mmol) was dissolved in abs.

ethanol (5 ml)andﬁcgoled to 0°C. A solution of NqBH4 (40 mg 1.0 mmol)
in ethapol (0.5 ml) was added dropwise ?ver 1 hr. ‘This was stirred
" for 15 mins more, then acetic a}id (0.1 ml1) was added.- "The solvents
were removed uﬁder Eeduced pressure and the residue.diluted with chloroform.
The organics were washed with water, filtered through MgSO4.and,
‘concentrated to give 80.3 mg of the hydroxy compound 119 .
I.R. 3450 (b.0H). No (C=0) abs. 2220 (C=N). The crude alcohol 119 -
(.143 mmdl) gissolved in dry benzene (5 ml) was reduced over 5 hrs with
1.2 ml 6f a ész solutian of bibélH. After work up as ‘for (+) 82, a
‘ white fo uited the i.r. of which sthed no (C=N) absorption.

This fomteg to. Wolff Kishner reductioffaccording to the

procedure of Mayergg\u51ng hydraz1ne hydrate, T.E.G. and KOH. uork up ‘

" - .and plate chromatography of the product gave three materials none of

- which bore any’semblance to the desired fully reduced nitrile.

)
X




|
i
|
!

'

6.

9,
10.
te

\

12.
13.

14,

) 15.
N

16.
17.
. 18.

- T 19.

‘References therein.

T pe 120,

- 140

REFERENCES -

Din Tho Nguyen, M.Sc. Theéis, Carleton University, Ottawa, Can. (1978).
Scheme 4.

.a.S. Badripersaud, Ph.D. Thesis, Carleton University, Ottawa Canada (1976).
.J.W. ApSimon, S. Badripersaud, J.W. Hpoper, R. Pike, G.I. Birnbaum,
" C. Huber, M.L. Post, Can. J. Chem. 56, 2139 (1978).

H.0. House, D.S. Grumrine, A.Y. Teranishi, H.D. Olmstead, J. Am. Chem.
Soc. 95 3310 (1972): H.0. House, D.G. Melillo, F.J. Santer, J. Org.

Chem. 38, 741 (1973). ‘

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

J.N. ApSimon, S. Badripersaud, M.L. Post, E. Gabe, Can. J. Chem. 56,
2156-11978). | B

T. Fukuyama, K. Askasaka, D.S. Karanewsky, C.T. Wang, G. Schmid,

Y. Kishi, J. Am. Chem. Soc. 101, 262 (1979). *

B.M. Trost, L.S. Melvin, “Su]fur Y1lides- Emerglng Synthet1c Intermediates".
Org. Chem. Vol. 31. Acad. Press New York, N.Y. (1975). Ch. 4 and

- -

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

“E.J. Corey, M. Chaykovsky, J.'Am. Chem. Soc. 87, 1353 (1965). ;
J.D. Ballantine, P.S. Sykes, J. Chem. Soc. C 2238 (1970). » * ?
W.E. Truce, L.A. Mura, P.J. Smith, F. Young, J. Org. Chem. 39, 1449 :
(1974)3 P.F. Vogt, D.F. Tavares, Can. J. Chem. 47 2875 (1969). ~  ———:=7%

A. Jonczyk, K. Banko, M. Makosza, J. Org. Chem. 40, 266 (1975). : ~

P. DeMayo, "The Higher Terpenoids", Vol. ILI, Interscience, N.Y. (1959).
L. Ruzicka, Proc. Chem. Soc. 341 (1959).
J.B. Hendrickson, “The Molecules of Nature", BenJam1n Inc. N.Y. (1965).

J Slmonsemg W.C. Ross, “The Terpenes" Vol IV Cambr1dge Press.
Cambridge {1957). .

T.K. Devon, A.I. Scott, “Handbook of Naturally Occurring Compounds".
Vol 11, Acad. Press Inc. N.Y. (1972) pp. 281-384. .

A. A Newman, "“Chemistry of Terpenes and Terpenoids" Acad. Press. Inc.
N- Y. (1972) pp. 207-287. , A § ‘
G\;Duyisson P. Crabbe, 0:R. Rodlng, "Tetracycllc Triterpenes", Holden-Day,
Calif. (1964) v




20.

21.
22.

23.
24.
25.
26.
27.

28.
29.

30.

31

32.
33.
34.

-35.
- 36.

37.

141

J.H. Richards, J.B. Henderson, "The Biosynthesis'of Steroids,‘
Terpenes and Ectogenins" Benjamin Inc. N.Y. (1964) p. 264.
G. Stork, A.W. Burgstahler, J. Am. Chem. Soc. 77, 5069 (1955).
A. Eschenmoser, L. Ruzicka, 0. Jdeger, D. Arigoni, Helv. Chem. Acta
38, 1890 (1955). '
J.D. Connolly, K.H. Overton, “Chemistry of Terpenes and Terpenoids",
Newman A.A., Ed. Acad. Press. London (1972).
R.0. Haworth, Ann. Rep. 34 327 (1937).
T.R. Ames, T.G. Halsall, E.R. Jones, J. Chem. Soc. 450 (1951).
R.E. Ireland, C.J. Kowalski, J.W. T1l]ey, D.M. Wakba, J. Org. Chem.
40 990 (1975).

. R.E. Ireland, D.M. Walba, Tet. Lett. 1071 (1976).
D.H.R. Barton, J. Chem. Soc. 1444 (1953).

a.L.F. Fieser, M. Fieser, “Sier 1&5", Haverly Press,lnc.; Baltimore,

Md. (1959) b. A.A. Akhrén, Y.R. Titov, "Total Steroid Synthesis",
Plenum Press; N.Y. (1970). J. Fried, J.R. Edwards, "Organic Reactions
in Steroid Chemistry", Van Nostrand, N.Y. (1977). .
J.W. ApSimon, J.W. Hughes, "The Total Synthesis ¢f-Natural Products” .
Vol. II Ed. J.W. ApSimon, Wiley-Interscience, N.Y. (1973) pp. 575. -
R.E. Ireland, S.W. Baldwin, D.J. Dawson, M.I. Dawson, J.E. Dolfini,,
J. Newbould, W.S. Johnson, M. Brown, R.J. Crawford; P.F. Hudrlich,

- G.H. Rasmussen, K.K.*Schmiegal, J. Am. Chem. Soc. 92 5743 (1970).
G. Stork, Si Vyeo, T. Wayamatzu, P. Grieco, J. Labovitz, J. Am. Chem.
Soc. 95, 9829 (1973).
R.E. Ireland, M.I. Dawson, S.C. Welch, A. Hagenbach, J. Bordner,
_B. Trus, J. Am. Chem. Soc. 95 7829 (1973).
R.E. Ireland, P. Bey, K.F. Cheng, R.J. Czarny, J F. Moser, R.1I. Trust,
J. Org. Chem. 40 1000 (1975). .
For an extensive review see W: 5 Johnson, Bio-org. Chem —5’(1) 51 (1976).
R.E. Irelandy M.I. Dawson, C.J. Kowalski, C.A. Lipinski, D.R. rhrshall,
J.H. Tilley, J. Bordner, B.L. Trus, J. Org. Chem. 48, 973 (1975).
E.J. Corey, J.A. Katzene]]enbogen G.H. Posner, J. Am. Chem. Soc 89,
4245 (1967). - ( : .




38.a. W.S. Johnson, M.B. Gravestock, B.E. McCarry, J. Am. Chem. Soc. 93,
4332 (1971) b. R.L. Carney, 1.S. Johnson, J. Am. Chem. Soc. 96 ,
2549 (1974).

39. E.J._Corey, J.J. Ursprung, J. Am. Chem. Soc. 78, 5041 (1954),
G. Bromlie, F.S. Spring, R. Stevenson, 1.S. Strachen, J. Chem. Soc.
2419 (1956).

40. T. Kametani, Y. Hirai, Y. Shiratori, K. Fukumoto, F. Saton, J. Am.
Chem. Soc. 100, 554 (1978) - o

41. I.L. Khnudt, Chem. Rev. 70 471 (1970)., -

42. T. Kametani, K. Fukumoto, Heterocycles 3, 20 (1925), and references

. there1n, T. Kametanﬂ{‘Y Kato, F. Honda, K. Fukumoto, Ibid 4 241 (1976).

43. W. Oppolzer, J. Am. Lhem. Soc. 93, 3833 (1971). (b) Ibid 3834 (1971)
(c) Tet. Lett. 1001 /(1974).

4@. T. Kametani, H. Nemoto, H. Ishikawa, K. Shiroyamé, K. Fukumoto, J.
Am. Chem. Soc. 98, 3378 (1976).

45. T. Kametani, Y. Kato, T. Honda, K. Fukumoto, J. Am. Chem. Soc. 98
8185 (1976). : ‘ -

46. W. Nagata, H. Hazaki, Chem. Ind. (London) 1194 (1964).
47. R.E. Ireland, T.C. McKenzie, R.I. Trust, J. Org. Chem. 40, 1007 (1975).
48, W.S. Johnson, Acc. Chem. Res. 11 (1968).

49, J.M. ApSlmon P. Baker, J. Buccxnx, J.W. Hooper, S. MaCauley, Can. J.

| Chem. 50f 1944 (1972). |
50. G. Stork, J.W. Schnulenberg, J. Am. Chem. Soc- 84 284 (1962).
51. J.E. Ellis, J.S. Dutcher, C.H. f{eathcockJ J. Org. Chem. -41, 2670 (1976).
52. T.G. Halsall, D.B. Thomas; J. Chem.. Soc. 243 (1956).
53. E.E. van Tamelen., M.P. Seler, wlerenza, J. Am. Chem. Soc. 94, 8229

C . (1972). .
54. J.W. ApSimon, Sa Badr1persaud T.T. Nguyen, R. Pike, Can. J Chem. 56

1646 (1978). .

55. R.L. Augustine, "Catalytic Hydrogenation' Marcel Dekker, N.Y. (1965).
'56. W.G. Dauben, J.W. McFarland, J.B. Rogan, J. Org. Chem. 26, 297 (1961).
57. J.S. Bazhher \J G. MacMillan, G.H. Heathcock, J. Org. Chem. 41, 2663 (1976).
58. G. Buchi, B. Egger, J..Org. Chem. 36, 2021 (1971).
59. J.A. Dale, D.L. Dull, H.S. tosher, J. Am. Chem. Soc. 91, 2543 (1969)
60. . N.A. Cohen, Acad. Chem. Res. 9, 412 (1976)7




61.

62.

63.
64.
65.

66.

67.

68.

69.
70.

71.

72.
73.
74.
75.

76.

77

79.
80.

- H.S. Mosher, “Asymmetﬁic organic Reactions" Prentice-Hall N.J. (1971).

- G. Stork, and J. Benaim, J. Am. Chem. Soc. 93, 5938 (1971).

" 6.J. Heiszwolf, H. Kloosterziel, Chem. Commun 51 (1966).
78.a.0. Wichterle, J. Prochaska, J. Hoffman: Coll. Czec. Chem. Commun. 13,

L. velluz, J. Vaals and G. Nominee Anqu> Chem Intl. Ed._4, 181 . .

143

v

For an excellent review of asymmetric synthesis see: J.D. llorrison,

Z.D. Hajos, D.R. Parrish, J. Org. Chem. 39, 1615 (1975).

V. Eder, G. Sauer, R. Wiechert, Chem. Int..Ed. Engl. 10 496 (1971).
S.Danishshefsky, P. Cain, J. Am. Chem. Soc. 98, 4975 (1976).

K. Nagasawa, H. Takahashi, K. Hiroi, S. Yamada, Z. Yakugaku 95 33
(1975) :K.Nagasawa, K. Hiro, S. Yamada 95, 46 (1975)."

In this ontext a prochiral molecule can be described as a «chiral
one of type CXY;2 containing a mirror plane. Replacement or
modifications of one of ‘the ligands Z leads to a chiral compound.
Cf. K. Mislow, M. Raban, Top. Stereochem 7, 1 (1966).

For a deta11ed definition see: Y. Izum1 and A. Tai, “Stereo leferent1at1ng
Reactions" Konashal Acad. Press. Tokyo/N.Y. 1977.

G. Saucy, W. Koch, M. Muller and A. Furst,'Helv. Chim. Acta 53 964

(1970) b. R.E. Ireland, and V.Hengartner.J. Am. Chem. Soc. 94 3652

(1972). -

R.K. Boeckman, Jr. J. Am. Chem. Soc. 9676179 (1974). T

E. Winterfeldt, Synthesis 10 617 06975:

H. Hiroi, S. Yamada, Chem. Pharm. Bull 23 1103 (1975).

Y. Kitahara,.A. Yoshikoshi and S.  Oida, Tet. Lett. 1763 (1964).

M. Jung, Tetrahedron 32, 3 (1976).

Z.G. Hajos, R.A. Micheli, D.R. Parrlsh and E.P. 011veto s J. Org " Chem. 32
3008 (1967).

E. Piers, W. Dewall, R.W. Britton, J. Am. Chem. Soc. 93, 5113 (1971).

300 1948 and refs. therein.

(1965). A]so see A.A. Akhrem and Y.A. Titov, "Total Steroid Synthe51s",
Plenum Press, N.Y. (1970) Schemes 72-74.

T.C. McKenzie, Ph.D. Thesis, Columbla Univ. New York, N.Y. 1970.

R. Binceourt, J. Tessier, and G. Nominee, Bull. -Chim. Soc. Fr. 1923
(1963). - )

’ '&
. .
.

v




r 81. G. Stork, Pure. App. &hem. 9, 131 (1964); and pertinept references therein.
82. E.J. Corey and M. Chenykovsky, J. Am. Chem. Soc. 84, 866 (1962).
"~ 83. S. Danishefsky and P. Cain, J. Org. Chem. 39, 2925 (1974).
84. For an excellent discussion of these effec§§ksee G.J. Karabatsos
¢ : and R.A. Taller, Tetrahedron 24, 3923(1968) ,
85.a G. Stork, S.”Danishefsky and M. Ohashi, J. Am. Chem. Soc. 89, 5459
1967 and papers fo]ipwing. b. J.E. McHyrny, Ph.D. thesis Colymbia
Univ. (1967). ' o
. 86. J.W. Scott and G. Saucy, J. Org. Chem. 37 1652 (1972)
87. For a review of isoxazole chemistry see: A. Quilico "The Chemistry
of Heterocyclic Compounds" Vol 17. A. Weissberger, Eds, Interscience
.- MNew York, N.Y. (1963) pp. 1-230. '
83. J.E, Hchurry, Org. Syn. Vol. 53, 59 70, (1973).
89. 7 For an ‘excellent review on the Nagata Hydrocyanation reaction -
, See W. Nagata and M. Yoshioka, "Org. React1ons" 25, 255 (1977), and
o ' references therein.
90. M. Samson, M. Handewalle, Syqﬁhetic Commun. 8 231 (1978).
91.a HCN  was prepared in-these laboratories using the procedure Bauer
outlined in Organic Reactions Vol 25 pg. 353 (1977) and stored at -
-15°C as a 17% solution ‘in THF (b)Aluminium triethyl purchased as a . )
25,01% solution in hexane from Alfa Chemicals Maine U.5.A. Cat“#ﬂQOQ\
92. W. Nagata and M. Yoshidka, Org. Syn. 52 100 72).
93. For a recent and excellent review on chiral séii;ireagents see :
G.R. Sullivan,“Topics in Stereochemistry" 10, 287, (1978). See,
R : -+ also ref. 67. \ o

94. A. Fny,'“hbchanisms of Molecular rearrangements", Vol. 4, B.S. Thyagarajan,
. Wiley Interscience, New York, N.Y. 1971 p. 113. o
95. R.R. Fraser, M A. Petit, and J K. Saunders, J. Chem. Soc. Chem %Commun:

o 1450 (1971). .
96. W. Nagata, M. Yoshioka,, M. Nar1sada and H. Hatanabe, Tet. Lett. 3133
| (1964). . o '

97. D. Todd, Org Reactions, IV 378, 1948.
98. W. Nagata, Proc. of "The R.A. Welch. Foundation Conferences on Chemical
Res." XVII 185 (1973)., B | ' -t

o




.- T R TR o ' ft . " , - 145

. S 99. " W. L. bbyer, T.E.. Goodwin, R John Hoff; C.W.'Sigel, J Org’ Chem. e
Gl e .- 8220161 (1977).
; © .. 100. "J.P. Yard]ey, R. N Rees and H. Smlth J Med Chem. 10 1088 (1967)

: . 101.3{N Cohen B. Banner, J«F. Blount, M Tsa1 and G., Sauqy, J. Org.
t N Chem. 38 3229 (1973). " T
T e %102, JWM. ApSlmon, Istvan Toth, A.M. Greaves, unpub]lshed results..

: Y103, UM ApSlmon, Istvan, ]kth J. C S. Chem. Commun 67 (1979)
- : 104. D. Caine, "Org. Reactions" Vol. 23 1 (1976) '

R © 7’ - 105. G. Stork, P. Roseng.N. Goldman, R. Coombs "and J Tsufl, d. Am Chem
7Y 'soc. 87 275 (1965). a -
© 106:* G. Stork, J. Singh, J. Am. Chem. Soc. 96 6181 (1974). A ;
o * 107. B. Ganem, PhiD. Thesis, Columbia lniv. (1971). - -~ . ~ =
AT N - 108. R.E. Ireland and V. Hengartner J. Am. Chem. Soc. 94, 3654 (1972).
L 109, R.S. Matthews, J J. GlrngStl and E.A. Fa]kers J.C.S. Chem. Commun.
Se . 0. 1,708 (1970) ‘ S

. ‘\
1 " "110. -H.C. Brown, C P Garg and K. T L1u, 3. Org. Chem. 36, 387 (1971).
R N 1§ 8 H. C. Beyernan, t.9. He1szwo}f Receuil 84, 203 (1965) :

-
o < Nt
N 1 . -
L « 7.
¢
x a
.
* A B
-~
’ :
“ - ~ - ' o . . : v N
J‘" -8 - ~ @ . w ' , . . N [ -
e P ’ ¢ N . o
— - RS R . . R
@ -
o .
¢ : & = .
- 3
» . ’ -
e <
.- . »
.. . . .
. ~ .
. - . -
K} =
Lo . @
. . . -
o .
. .
- . . N , N
LN N )
i RS 32 PR - .
Yo ao, .
. . 3
' . o ., ~
& o ~ -
. . N v .
o 3 o %
. R b .
. N .
R Yt L * — -
.
’ | ——— = 2
% - - 3
~ B - -
/’ > \
~ L 2 * .
&l
4 ~ B
- » . A -
d 3
e ¢ . .
N » &
- . e -— ¥
: PR o LN
s -’
[ i . @
N ‘ \ - © .
M - - A
I Lo 14 .
” , ‘
R & w wma e
; ] PR ', .
-
s ) A




7%}
wl
(48]
—
[om)
=
wi
a
o
<€




v APPENDIX I

- ' The Systematic Numbering of Typical Triterpené Skelcta
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° -lanostane ) ’ . oleanane-
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APPENDIX  TT

-6

selected “H NMR (60 Mhz.) Spectra of Synthetic Intermediates.

i Al1 Spectra were run 1in CDC]3 except for Spectrum 6; Compoﬁﬁagj
58 which was run in,CSDsN. A

Signals with a (X) indicates that they arise from sources other
than ‘the substrate; e.g. solvent, side band, etc. .
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"APPENDIX II .

7
s FLOW SHEETS. :

Bold arrows indicate intermediates prepared in

this study. Broken arrows indicate likely syn-

-

v thons of proposed routess. ‘ ,

g e







FLOW SHEET 2
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FLOW SHEET 3







