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Several approach¢gs to the tota

synthesis ﬁf clerodane
Y

J

diterpenes and -pentadyclic triterpgnes wer%'investigated.

In Part I, the /synthesis of 2,Z—éﬁhylenedithio—éad,S—digethyl

4

1-(3 -oxobutyl)-1, 3 4,4a, 7 8,8ag-octahydronaphthalene (__) is

described. This ompound is considered- to be a potentially

useﬂﬂﬁsynthon for the synthe51s of some,trans—clerodanes.

In Part II, two approaches to a key synthetic intermediate

(144) in our s thetﬁc plans for dl-%riedélin are reported.
222 a-ir P

The first a prSach led to the synthesis of 2-a11y10xy—r

1,4ap,7,7-tetramethyl-3,4,4a ,5,6,7,8,8af-octahydronaphthalene

(177).  Rigordus proof for the stereochemical assignment of its

ring junction is presented in addition to the results on the
attempted Claisen rearrangement of théﬁmolécule. )

In the second approach the?effeﬁtive sfnthesis of 3,3,10a8-
trimethyl-1,2 3 4,4a4,5,8,9,10,10a- decahydrophenanthrenr7(6H) -one

(221)was achieved. The D/E ring Junctlon of .the molecule was

firmly establiéhed to be cis by the use of léc nmr spectra.

This synthetic intermediate can serve as the key substance for

a synthetic entry to friedelin és ﬁe}l as g-amyrin.- Logistically

» . o
possible synthetic pathways to correlate this compound with

[

friedelin are‘discussed.
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INTRODUCTION

.
-

The diterpenoids form a large group of C20 substances derived .

: biogeneticélly from geranylgeranyl pyrophosphate (l).l

J
- -

They exhibit a Qide range ofibiological activity, and are mainly
rney -

<

of plant or fungal origin.2 Amongst them, perhaps the best known

"substances are gibberellin plant growth ho;mones.; Resin acids

are other representatives ‘of the , diterpenoids and -are believed to

: - °
.” possess a mild antibiotic action against microbial decay of wood

.
)

L fibres.4

\

Based on the Biogenetit°156prene RuleS the major structural
variet}es ;ithin the class can be rationalized in te;ms of the
stepwise cyclization of tﬁe biogenetic preeursor, géfanyl-
geranyl,‘pyréghosphate (1). Such biogenetic consideration has ied e
to the understanding Qf the‘séructural relationsﬁips among'the
main diierpeA;s. ~

The major mode bf‘cyclization of geranylgeranyl pyrophosphate
(1) is initiated by protonation of a double bond in contrast to
triterpenoids and s;e}oids both of which arise¢}roﬁ attack on
squaleng _epoxide (see Introdgs:iﬁfzzp Part II of this thesis
ﬁ.zs), resulting in ihe formation of the bicyélic-labdadienol
pyrophosphate . (2) (Scheme 1).7 In the next cyclization the

’ .pyrophosphate group serves as a leaviﬁg gxéup, and tﬁus the

pimarane skeleton/(gj'is formed (Scheme 1). The tricyclic

pimarane cation (3) may readily act as a progenitor of various

!
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tricyclic and tetracyclic diterpenes thr:hgh.reatrangeqent, aﬁd

‘cyclization. * Further strucfutgl varlations among theﬂ;;icyclic

[

. T
and tetraéyclic diterpeties emerge as a resdlt of. secondary rear-.

. : . 8
rangement, ring cleavage, ‘contraction and expansion. )
de N ) ‘ . -

Scheme 1

o
geranylgeranyl )
pyropho;phate

v v

One of the most notable characteristics of the diterpehiids,

is the appearance of the normal and antipodal A/B ring junctions.

‘ The former belongs to the same .pptical series as steroids, whereas

the latter belongs to the opposite series. The formatlon of both

" series depends ‘on the mode of the cycllzatlon of all-trans-

[

geranylgeranyl pyrophosphate (4) in the most stable all.chair

.conformation giving rise to the normal A/B ring junction, as in

" the bicyclic 1dbdane pyrophosphate (2) bearing the stereostructure

5) with regard to the asolute stereochemistry at G-5 and C-10

(for the numb ering system of 1l danes; see APPENDIX I p. 165).
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On the other hand a different mode of coiling of geranylgeraniol.

pyropho;pha;e (%) on an enzyme sui%ace is also possible, by which
the antipodal A;B ggng~junction ;é found in (6) reS&Itsfg v . e

The cyqlizatibn ;eading to the no. 1 A/B fing,juncpion se{}es can ' \
be visualized as in Scheme 2. znis\‘/\ " - :

- - . °
o

Scheme 2

*

01

Thus, examples of both series are widespread in nature ang
N » !

are-occasionally*fouhd in the “same planfS; About 700 different - "
f ) on 10 ~ 3

>

' . -, . ' N
diterpenes ‘have been recorded  with frequent reports of new
A 11 .
species appearing .. .

v M 2
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Clerodane Diterpenoids:

<

LY

The bicyclic diterpenes whose origin ' in hiogenesis is the !

labdadienol pyrophosphate (2) may be classified into two sub-

groups; labdanes and clerodanes. Some fifty diterpenes belonging. .

-

to the latter group, the clerodanes have been isolated,10 and
-{Imrticularly extensive studies on the chemotaxonomy of the Solidago

" speciés, probably.the richest source of these diterpenes, by two
no 12a,12b , - . ) L i
groups have revealed‘a~few interesting facets inherent in
X .
. . ) . . . .
‘Eh%fe d1§erpene§. . .
 Biosynthetically, these diterpenés'are derivab le from the v

5 I 3

¢

-~

-~

labdanes by way of a Wagner-Meerwein type rearrangement.13
This.rearranggment_consisus of 'a number of methyl and hydrider
shifts as illustratqd in Scheme 3, and is initiated‘by:protonation
of the C-8 doublé bﬁnd,-and is te;minated by the formation of

a doubie bond on ring A (for the-numbering systémi see APPENDIX I . ,:'
“bj'165‘).‘ ) T - ~ o e .

‘
* - . T w

.

Scheme 3

(2]

m

Occurfence'of both series (normal and antipodgl), represented

~ o

¥ . r : ~ . : i i
. - ‘ ; !
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by (7) and (8), is alsg observed. ‘Mgchﬁni;tically, the overall
‘ Tearrangementﬁis iA egnformity with the postulate that all ;he
migrating groups in&glved be located in a Ezggg-diaxigl relatipn—_ x
. " : ship to egch other.14 However; the %indi;gs that ‘some megbené’of
" this clasg of diterpene poésess a cis-A/B ring fusiothafg;

‘revealed that this postﬁlate no’ longer holds !;Lexplaining these

instancési\ In order to accommodate these facts, it has been

i fo

suggeSted that the*&Xn-l,Z—rearrangemeﬁt necessary for the ’ M

|

occurrence of the cis-A/B rimg-fusion in nature must be operative

* during the biogenesis of these.species.14

Another interesting feature is the variety of oxygenation
patterns found in this class of diterpene.lsﬂ Oxygenatioh.6CCurs
. at ;uclear sites as well as on the side -chain portion, and
interestingly the oxidation lgvél of the side chain‘frequehtly

- involves the formation of a furan ring. The variations of

oxygenation are exemplified by the following representatives of

_the class ((9), (10), (11), and (12)).

(9) R=CH,O0H k‘olavef\ol ¢9)) kolave‘ldol .
(10) R=COOH kolavenic acid

b

(12) hardwickic acid

»
» . 5




Kolavenol (9) represents the “trans-fused clerodanes and was

found in the oleoresin of Hardwickia pinnanate with a series of.
< v ¢+ closely related di;erpénes.16 They were kolavenigc agcid (10),

kolayelﬁolwtll)? and hardwickic acid (12).

OH

[

S (13) Plathytenol 14) R=CH20H cistodiol (16) cblgmkin’
| ‘ (15) R=COOH cistodioic acid )

R

~  Some representatives of the cis-fused clerodanes are displayed-

lathytenol (13) was isolated from Plathymenia
17

abo

reticulaga. Both cistodiol (14)-and cistodioic acid tl§) were

1%
i

ated from Cistus monspeliensis.ls Columbin (lg)%is the most

ortant bitter principles of the Colombo root (Jateorrhiza

,. ¥
N 3 - - [N ’ : id d N N > 19
s P palmeta), and its structure was elucidated by Barton’s group
; ) ' based on chemical degradation studies. Probably one of the most "‘

& : . ¢

v . highly oxygenated examples of thig class is a bitter principle,

1
\

clerodin (17). The structuré of c¢lerodin (17) was established -
by X-ray analysis?o and copplementary studies usfhg chemical
degradation methodsZl  Regardless of the A/B ring fusion (cis or =,L

trans), most members of the diterpenes belonging to the clerodanes

oo - are bitter principles and do not exhibit any -significant

N .
’




* - “

. biological activity; in this context, however, several new

clerodanes such as ajugari l§)xpave been found to possess insect

antifeedant activity against African army worms.
- ) : ‘ ) . R 9 .

- '

(17) clerodin ) (18) ajugarin, 1
: . From the synthetic point of view, the varying-.nature of the

e
G ox

side,qgéin in addition to four contiguous asymmetfic ceﬁters on
.the b1cyc11c skeleton (i.e. C-5,-C- 8 QJQ and C- 10) renflers these

dlterpenes attractlve malecules for study." Conséquently, number

of synthpfic approaches directed towards the clerodanes have

emerged quite recently,ﬂ’a’z3b one of which will be summarized in
the.following section and it is this part of the fhesis that is

concerned with the elaboration of another :syhthetic route.24 .




S e

. chloromethylmaleib anhydride with 1l-vinylcyclohexene. . é

>

Synthesis of the Clerodanes:
A few years ago, Tokoroyama and coworkers25 repbrted a highly

imaginative and stereospecific total synthesis of portulal (12)26, >

‘a unique d1terpene w1th a perhydroazulene skeleton and clerodane-

[

- type side chain, whlch shows plant growth -regulating act1v1ty

Close resemblance of the stereostructure of portulal (19) Wlth

' that\pf the furanoid cis-clerodane (gg). led them to choose (20)

as their second synxhetic térget since most of the synthetic
problems anticipated in this route had already been solved in the

portulal synthesis.ZSb

¥ 'ﬁ (19) portulalf} ' (20) ' - -0

Their approach as outlined in Scheme 4.starts from the

intermediate (21)28} ;hich has been used for .the portulal
s}nthesis. This intermediate possesses the correct stereochemistfy
for (20) at C-8, C-9, and C-10 as well as a'side chaln suitable
_for modxfxcatlon to that of (20). Compound (24) was derived from

.

(21), which had been prepared by a Diels-Alder reaction of

.

0
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Scheme 4 continued

L

-

‘A

(31

Reagents:

(a) LiAlH

4’

(b) tosyl chloride, pyridine; (c¢) NaCN, Nal,

DMSO;

(d) SeO

25

(e) MnOZ,;u(fl}Hz, 10% Pd/C, ethanol; (g) HI,

cnscoom (h) Zn, CHLCOOH; (i) NaH, HCO

V4

CZHSJ (j) nBuSH; (k) t-AmOK,

CH,T; (1) OH ; (m) p-furyllithum ; (n) NaAlH,(OCH,CH,OCH),, -

(8

ethanol; -(o) (CHch)ZO,_pyridine;‘(p) Li, 1liq. NHS; (Q) OH .

~

gyanide ion directly’ failed probably because of the.neopegfyl tg;e
of substitﬁtion, but eventually it was overcome by&gonducting.the
_Eubstitutiog reaction oﬁ th; cyclic ether (23). First, compound -
(2)) was reduced with lithium aluminium hydride to afford the

diol (22). Treatment of this diol Qith tosyl ehioride and
pyridine gave‘the cyclic ether (gg)f Heating this ether with

sodium cyanide and sodium iodide in dimethyl sulphoxide at 120°

replaced the chlorine by the cyanide group to give (2@) (94%) .

‘@"‘W" Lo e

10
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" ring (see belar).
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1t must be noted that asymmetric centres at (-8, C-9, ind

]

Cl{p are rigorously established in one ELep by a Diels-Alder
-reaction, and that compound (24) carries these correctly disposed

centres. - Oxidation first with selenium dioxide and then with

manganese. dioxide created a. carbonyl group at C-4 of the cyclic
ether (24) (25%). Compound (g§)_tﬁus obtained was éubjeéfed to’
hydrogenation over 10% Pd/C'in ethanol, yieldlng‘(gé).  Cleavage
“of the cyclic ether and concomitant hydrolysis of fhe,cyano group
in‘ketone-(gg) was effected upon t;eétment,with hydroiodic acid
to afford the lactonET?QZ), fhe iodine of which was removedi'
reductively in the next step (i“e. (27)-(28) ). [Initial attempts

to introduce an angular methyl group at C-5 of the lactone (28) ;

by addition of Simmons—Smith’fEagenizg to an enJIia;etate prepared

from.(g§) were unsuccessful, and hence an alternative methed,

o

,develoéed by Ireland and Marshallso, involving the pr;or blockiﬁ@
of the C-3 by n—bﬁ;}lthiomethylene»gfsup in order to direct the
angular méthylation, was_employed. Thus méthylation with methyl
iodide followed by'tﬁe deblocking of the protecting group was
conducted with reasonable success (i.e. (gg)-(;g)).' The sferep;

chemistry of the methyl group introduced was assumed to be &

because of steric hindrance on the o-side axertedﬁ:y the lactone

-

'

11
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"ammonia. The whole sequence is shown in ‘Scheme 5.

v

R:%
o

In fact, compound (30) was obtained as the sole product (59%)
when the q-butylthiomethylene derivative (29) was methylated with
methyl iédide in the presence of a large excess of base. .The furan
ring could be incorporated in the.lactone (§§) in the identical
manner to that used on the model compoﬁndzsz Thus the sequence
involved Q;SJ 1) addition of £-furyllithium ; 2) reduct§on of the

resultant hemiketal with Vitride reagent (NdAlH,(OCH,CH,0CH;),);

3) in situ acetylation ; 4) hydrogenolysis with lithium in liquid

ey
AN

; $cheme 5

( o .
WML —_—
- \\\\\\\\ ‘ '

Accordingly, compound (31) wag;obtained.ZSb Modification of .
the A Ting, probably by reaction with methyl Grignard reagent or

addition of methyllithium , and subsequent dehydration 1n add1t1on

to removal of the hydroxyl group at C-20 in (31), would complete

this synthesxs.

12




RESULTS AND DISCUSSION . .

.

In our pians fo; the tQtal synthesis-of peﬁtﬁcyclic
triterpenes, a novel approach relying on the conversion of - .
compound (32)*-to (33) (Scheme 6), which would lead to an appropri- ,
4 ately:functioAalized building block for, the CDE ring unit of some -
triterpene; (see Introduction to PART II of this thesis, bf 28),

. .
was investigated in these laboratories. a-few years ago.

N

‘Scheme 6

(32) : (33)

Although the appfoach in its original form produced
idiscouraging results, the intermediate (34) which is logistically
" - located in this synthetic scheme attracted our attention during : .

v s -

the investigation. '

* Except for the structures representing natural .products,
"all structural formulae containing one or more asymmetric carbons
depict one enantiomer but refer to racemic compounds thropghout.
In the text only an enantiomer bearing a direct relationshlp to
the natural series is shown for conven1ence

o o




e

34) R=CH,
(35) R=H -

N

If the three ketone moieties in a' similar molecule (35) were

carefully differentiated so that they could be manipulated succes-
sively at appropriate stages in a synthesis, the t}iketone (35)

-

wouiQJ:e suitd%le for possiﬁle conversion . .to such a clerodane
skeleton as present En kolavenol (9).. ThHe relationship in structure
between the ;wo is obvious and furtherméreithe two ketones on the
A‘énd B ring of (35).are ideally disposed“so as ta introduce three
methyl groups at C-4, €-8, ;ndiC-Q, the third ketone on.the side
chain being a means by which various fupctionalities wouid_be added.

-

These considerations led us to consider a suitably constructed

) synthoﬂ\gzi}ogous to the ketone (35) as a synthetic goal.

As a consequence, a program was initiated that was aimed

primarily at the synthesis of diene (36) and secondly at its

further elaboratjon to the clerodane framework. The original

o AR

tatal synthe

- %

- : . - ' . u
induction during the synthesis.

s of 19-norsteroids, ‘especially -centred on asymmetrice ‘'

S kit Al A e M S b $ o < 2
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Some members of the steroids

contraception.{2 The first paper

in thls serles which was publlshed
~synrhebls of the BCD tr1cyc11c bui

steroids based on the ‘hovel conden

—methylcyclopentane i, 3

T

Scheme

. \ o
N
HO 4+ )
i N o
ey, . By

‘It was thus thought that the
l1-octene-3-one - (41) and 2-methylcy

accomplished in -a similar fashion.

15

[él] - )‘

occupy a cenfral role in human
of the Hoffman-La Ro;he group
in 197133 described a unlque *
1d1ng block (37) for 19-nor-
sation of 7 -hydroxy-1-nonen-3-one -

}
jone ( 9) as is shown in .

7

~condensation of 7-hydroxy-

clohexane- 1,3 dione (42) could be

ey



g

OH

\

{41} . - (a2)

Since Saucy and _ker534 had reborted the direct prepara-

tion ofsthe enone (38) m the §-lactone (43) by the Grignard

[ZSL 2

" Teaction with viqylm nesiym-chloride in- tetrahydrofuran at -50°,
: 3 : :

- the logical precursor of the similar*enone (41) in our case was

L ») . -

"the corréspodding § ‘lactone Cﬁéj;‘ ' L -

(43)

We ghérefore;§et out to érepare the lactone (44).- Iﬁ one
routé, acgording togﬁorte and coworkers?s, ethyl acetoacetate w;s.
condensed with ethyl acrylate in tﬁe presence of sodium methoxide
;:o give the adduct @, which was in turn decarboxylated in-dilute

';§u1phuric acid to furnish the ketoacid‘(igj.' Reduct}on of this
acid with sodium borohydride followed by vacuum distillation

yielded ‘the required §-lactone (44) in 18% erfall“yield.

- -
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P The other route, qu1te similar to the foreg01ng one, was ) e
dcyeloped when ethyl acrylate was not dlelable In this rouse,

- adduct (47) prepared from the base-condensation of ethyl acetoacetate

and acrylonitrile was decarboxylated by refluxing in aqueous ’
N .
' potassium carbonate solution, producing the ketonitrile (48) .in \zz:j-

©

this case. Sodium borohydride reduction of the nitrile (48) and |

'hydroly51s of the resultant alcohol (49) with sodium hydroxide L ‘I
=} .-

afforded the §-lactone (44) after vacuum distillation. Thus, this

-h

. alternative route also gave the'same lactone, but with much less

efficiency (4% oOverall yield).&,The two routesare shown below
. - ) , - . ' >
(Scheme 8). * o -

- Scheme 8 : . &

4 Co- ¥

WA
»

' CHLOCH,CO0C,H,  + cuz-cncoocps — CH3coC|HCOOC Hs
‘ . P - t:Hzcuzcoocps

' \ - | O

' . LS . .‘ (8 K 3 N"/
- T CHZCOCH;CH:CH:COOH ",

N -
- <
. 2

. ' [4__61 . ) . ‘ .
. ' o ' (44

CHCOCH:CO0C,H; + CHz—CHC‘N — cnacocncooc H5 :

‘ ‘ CHzCHzCN
.- - - - lﬂl |
o S H , g
—> CHLOCHCH,CH,CN ——— - CH3CHCH,CH,CH, CN —> (44)
- . . ¥ (a9)
- ’ V,J q- . . S ' — ) ) . ’ . . ‘{
;"/ | ( 4
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Carefully

vinylmagnesium bropiﬁe at -90° (dry_ice—ethgr bath) was found to -

Y

l

-

controlled reaction of the lactone (44) with

give the expected vinyl ketone (41) after some experimentation. -

As'Saucy34

critically dependant upon the low temperaturé at which the Grignard

-

ketone (38), the success of this trans

pointed out concerning the preparation of the similar

formation appears to be

reaction is ‘conducted. Since the vinyl ketone (41) proved to be-

purification.

Condensation of the crude’ (41) with. 2-methylcyclohex

v

" the next step immediately after its preparation and without

.unstable even when it .was stored in a refrigerator, it was used in

2

ane-l,i-

dione (42), in a similar manner to the reaction of (38) and (39)°

(Scheme 7), was carried out in boiling toluene-acetic acid mixture,

shown by nmr to be a single isomer.of the two conceivable diastereo-

hprqﬁﬁcing tﬁg diene (36) in ca. 40% yield. The product (36) was °

isomers jSO)lftranSepacemate) and (51) (éis—ragemate).;;:

o
«

tively assumed in our.case.

predominated in the condensation mix

Based on the Saucy’s findings34 that the tranéécompound'(ﬁg)
ture as praved by the use of

an optically active lactol, the!trans—structure (50) was tenta-

18
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The formation of diene (36) (or (50)) can be ecxplained by
adoption of the mechanism™  that was proposed to account for the

formation of (40) and related compounds (see Scheme 9).

oW

~ ‘d r

o

4

Scheme 9

v

“
The initial- step consists of a Michael addition leading to

the adduct (52) which would first cyclize to hemiketal (53) and
then this species'gives (54) upon dehydration. A second cycliza-
tion presumably assisted by attack of a water molecule at C-8

would take place in the intermediate (54), reéﬁlting in‘Fhe

formation of the tricyclic (35). Elimination of two molecules of

.water then yields the diene (36).

Hydrogenation of the diene (36) in toluene err a palladium-

.«

19
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catalyst gave the enol ether (56) as an only isolable product in*
L1 ‘nearly quantitative yield, leaving the enol double bond present
-in the diene (36) intact. The trahs-stereochemistry with respect

;to the A/B ring junction had been expected on the.basis of "

E;; . analogous hydrogenation533’§4, and it was finally confirmed to be
@ ) ' : .

trans when the enol ether (56) was converted into the known

36a,36b

steroidal intermediate (59) via the.sequcnce“shown in

Scheme 10 (p. 21). Thus the enol ether (56) was hydrated with '

° ~

IN sulphuric acid in acetone to afford the. hemiketal (57), thch .

LN

was then oxidized with Jones’ reagent to give the .triketone (58).

These hydration and oxidation steps could be carried out in one

“ 3

_pot by adding a soiution‘of chromium trioxide in 6N,sulﬁhuric acid

. to the acetone solution containing (57). At this stage it was

noticed that the prolonged treatment of the hemiketa1~157) with

& -

.+ Jones’ reagent significantly diminished the yield of the triketone

-

probably because of the strong acidity of the medium.” The final

IS

RS S~ adild

cyclization of (58) to (59) was effected either by refluxing in
benzene with p-toluenesulphonic acid or in methanol with potassium
hYdroxide. The latter conditions (base-~treatment) were found to

- -

.be superior to the former acid-catalyzed cyclization, for the

-

e e fems S CAPEWADI o YWY IPRENE S
-
bl

_product obtained in the former process seemed to be contaminated

- ' i
by impurities which we were unable to remove completely. }
‘ i

The yield from the abovementioned operations was in the range o

H
[

20-30% and the.overall yield from the lactone (44) was-ca: 8%.

The final product (59) was identical in all ‘respects with an
3 . | authentic sample kindly provided by Professor §. Daniéhefsky

.(University of Pittsberg). In this manner, the expected trans-

RGNt
td
v
s
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" Scheme 10
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As the fol_lo% scheme (Scheme 11) indicates, it is

}ntere§ting to note that the tricyclic compound (§§) can Se
considered as a BCD ring synthon for the synthesis of some
homostefoidﬁ. Furth;r work on the possjible transformation into

these steroids.was not undertaken in view of fhe poot yield of.
the o;erall.proéesses,'howover taking Saucy’s report34 into
account; it would be envisaged that the tricyclic compound (59)
might be availabie iq optically active qum by wéy ofathis'

- approach should optically active (44) be obtainéd.;

b

Scheme 11

R et 4

A A Having ‘thus established the trans-A/B ring structure, we next -
turned our attention to the modification of ring A such that it

would embody the A ting structure present in the naturally

»
«

occurring clerodanes. . ' -

[P
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resulting in the complete recovery of the-starting magal in

. | S
Scheme 12 (p. 24) shows the conversions performed along these

likes. Addition of methyl Grignard reagent to the cnol ether (56)

procéeded readily, and.the resulting mixture of alcohols (60a) and

(60b) was dehydrated to -(61) upon refluxing with hydrochloric acid

.in-methanol (31%). A commonly used aehydration procedure invoiving

treétment«of.the alcohols with thionyl gﬁﬁoride in pyridine at 0°
produced”a complex mixture from which'only a trace of (61) was
detectable. As before ((§§)-(§E)), the hydration of (él) with -
IN sulphuric acid in:acetgne gave the hemiketal (62) in goddv“rr
yield (83%). '

In attempts to postpone the abovementioned operations, if

" possible, to a later stage in the synthesis, the alcohol (63)

obtainable by reduction of the enol ether (56) with liphium'
aluminium hydride was subjected to benzyl ether formation so that
it could carry the hydroxyl group protected until the rest of the

molecule was modified as desired. This consideration arose from

the fear that a double bond formed on ring A prior to the construc- %
.tion of the other parts of the target molecule might not be’
compatibile w1th the experimental conditions used as the synthesis

. proceeds. Alcohol (63) was thus refluxed with sodlum hydride in

dry benzene-dimethyl formamide mixture. In this manner, there was

obtained benzyl ether (gﬁ) in 68% yield. However, the same ~

,hydratlon procedure as well as its slight modification (stlrrlng

w1th IN- sulphurlc acid in acetone -tetrahydrofuran or’ in THF only)

failed to yield the expected hyd éd compound fdr unknown reason,
! xp : mpo A

both cases. These transformations are depicted in Schéfie 12.

~
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Hence it was decided to carry out further tr#nsformations
uSing,{QQ): The next stage required the ether ring cleavage of
(62). Oxidation of (62) wiéh Jones’ reagent as described‘pre#iodsly
(e.g. (57)-(58)) would afford a diketone (65) similar to t§§) in
yhich C-8 and C-13 are not discriminated chgmically{ as a result,

it would be impossible or very difficult to pursue our synthetic.

‘task. 4 : : - ‘ e g

N

[N

Ta overcome thg probleF, the hydroxy ketone was fixed in the
operr form by thioketalization, .The choice of this condition for
van opening of a cyclic hémiketal such as (62) was guid;d by an
example found in Trost’s total synthesis of acorenone B
(Scheme 13)37.

Scheme 13

. , , acorenone B

o v -
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Thus, treatment of the.hcmiketalr(gg) with 1,2-ethanedithiol
jin dry tolueAe foliowéd by additidn of boron trifluoride-etherate
wi;h ice—cooling furnished the thioketal derivative (gg) in 64%
yield. This compound was then oxidized to (§2)~by Sarret oxidation
(chromium trioxide.in pyridine)Ain a rather poor yield éf 45%. ,

It is anticipated that the yield of the lastrstage can be improved -

by the use of a different oxidizing reagent. These two .steps are

"~ shown in Scheme 14.

Scheme 14

"Since. compound (67) possesses the A ring structure of some '
¢lerodanes, the construction of the entire framework now‘appafen-

tly entails introduction of the vicinal dimethyl groups at C-8

PN A T
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‘and C-9 in addition to attachment of the proper side chain in the

N

éorrect oxidation states found in ?aturc. Besides the ketone
grouI:; at -C-13 wt;ich can be utilig.ed for the construction of the
side chain, compound (67 bears‘a latent ketone>mo;ety now o
protected as a dithioketal, , which can be demasked and utilized

®

-
in introducing the vicinal dimethyl groups. Therefore it appears

that this intermediate (67) can serve as. a valuable synthetic

precursor in the preparation of sevpfal members of the clerodane

-~ . .
<o

family ‘and particularly among others such clerodanes as kolavenol

39

(9), junceic acid (§§)38, furah (69)7", and solidagolactqne (ZQ)4O.V

Other research priorities precluded further work on this
project but we anticipate future work to commence in our.ldbora .

tories in the near future.

68 R=COOH
[92] R= CH3 ,

<X
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e o - - PART 1I

INTRODUCTION

The trlterpen01ds constitute by far the largest terpenoid

b

class™and are Characterlzed as possessing a skeleton of thirty.

carbon atoms divisible into six isoprene units. 41 i

Th01r occurrence in nature has been known qu over one hundred

-

years for the most part in plants 'although a few examples are
42 :

-

found in the animal kingdom as wegl
- The triterpenoids may be ggassified into three‘mafor groups

as f0110w5' 1) the acyclic terpenoids (ambrein'( 1) and squalene
. : , Q_)), 2) the tetracyclic trlterpen01ds (lénoste oi (73));
o ~
'3) the pentacycllc tr1terpen01ds.

*

squalene

-
A
~
-

lanosterol

- 3 .

*Although amb rein is o viously not acyclic, it is traditio-
nally classified with squalene as a-non-tetracyclic, nor
pentacyclic species.
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Squalene (all trans-form ) is now accepted as the biological

*  precursor of all triterpenoids41 and its biosynthesis has been

established in detai1.44',Lanosterol (73) has also received much
‘ . - i .
. . . . . 44 .
*attention concerning steroid biosynthesis. | The third group
Ay ‘ : . “ .

(the pentacyclic triterpenoids) is the largest in number and the

P}

lupeol (76), were formulated correctly in 193745, 19494ﬁ” and

-

1195147 respectively. Especially they providéd, together with

7

»

>
=
-
-

& A -amyrin , A -amyrin

. 29 R (75) T

- — e

+ »+ Pparent substances of the group, g-amyrin (74), o -amyrin (Z§); and .

the steroids, the experimental bases for conformaticnal analysis48.

29
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\R.u-l,Q»5 » from squalene epoxide by cyclization in various

The diverse structures and configurations of basic triterpene
. / .

skeletons are derivable, according to the Biogenetic Isoprene

9 ’

conformations. Recently the structural relationships among the
P

triterpenes based on this principle Have been ably reviewed by

Connolly and Overton49.’ | .

.

Friedelin:

'AAmong nearly 750 naturally occlrrihg triterpenes known to
¥

date?o, friedelin (77) occupiegsaﬁ important place in the
~ .

. triterpene chemistry. Its isqlation dates back to as early as

1807 although it was later shawn that the substance regarded as

homogeneous at the time of discovery contained ‘both friedelin 7D

. 50 : .7 -
and cerin (78). : .o

1 P

~S5

. - friedelin

ol27) T (28

e

"Biosynthetically, friedelin (zz)‘is located at the end of the

pathway by which the majority of the known pentacyclic tri}erﬁenes .

49,51

are produced iﬂ_vivo: In detail, cyclization of squalene

‘-
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1,2-epoxide (79) when it'is folded in the chair:chair-boat
conformation (as is‘ghown in Scheme 15) leads to cation (80).
This intermediate ion (80) pauses .for reorganizati&h\by migration
of the C-16 methylene group (for the numbering of the system; see

4

APPENDIX IT p. 166] to the next cation (81), and then it continues

‘along the pathway to the pentacyclic cation (82) after further

cyclization, from which the lupane group such as‘lupeol (76) is
. .z &

- derived. Ring expansion in (82) to a six-membered E ring

| A
(i.e. C-20 migrdtes from C%Zl to C-22) results in the formation

of a new intermediate (83). The wide variety of pentacyclic e
o .
B . L 4 >
triterpenes belonging -to oleananes are of this origin. Two subse-
?

quent 1 2-hydride- shifts in catlon (83).and elimination of a
- proton from C 12 in the resultlng cation (__) produces f-amyrin
Q_). A series of further hydride and methyl shifts ultimately

generates friedelin (77) as 1nd1cated in Scheme 15, during which

v

process various triterpenes, taraxerol, multiflorenol and

T . . N

alnusenone, are '‘directly derivable by the loss of a'proton from .- .

°

the corresponding intermedidte ipns.
. , A

v . : a

]

Y

'Scheme 15
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fhe foregoing scheme principally based on Ruzicka’s progosalS
) T ' 'for the formation of g£-amyrin (74) f;omuéqualene has been verified
,‘ experiment;lly due to the efforts of several groups. First, Barton
- - and coworkers52 ideﬁtified tS)-squalene 2,3-epoxide as the exclu-
sive biogenetic ﬁrgcuxsor of;?-amyriér(ZQ) in pea seedlings.
‘ . ‘ More recently %omita and c;,oworkers53 have demqngﬁrated that
i'; - 13C-labelling patterns in some oléanene—type pentacyclic

. : - . s . RS & DY . e
L triterpenes biosynthesized from (4- C)-mevalonic acid in tissue

cultures of Isodon japonicus Hara are entirely consistent with the

i

Ruzicka’s pathway (Scheme 15); ) : ' o '

~

A characteristic feature of the friedelin frameworh can - be

v . " seen in a back-bone rearrangement that takes place in
. - . : - .
= ‘ friedelin-3£4-ol: (85) upon treatment with 8C1d.r4 This rearrange-

- !

ment as indicated in Scheme 16 converts (85%) into a §-amyrin

skeleton, olean-13(18)-ene (86), and hence it is considered to be

"HW - ./,—“ e e )

the retro-biogenetic route of friedelin (77). Ag-Friedelin (87)SS

PR
¢

. as well és.&f—friedelin.(ﬁﬁs6 experiences'the same rearrangement

3

5

in acid. v o . ) »

.

/ : Scheme 16:
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t has been suggested by Sﬁring and coworkers.sS that these

"acid-catalyzed Wagner-Meerwein reérrangemeqts are promoted by the
‘e v .

- severe nonbonded interactions present in the cis-D/E riﬁg.systém.
b N ot Regardless of the conformation of friedelin (77) in question as

to whether it is the all ‘chair conformation (§g)54 or the chair-

.
£ > . C. 57 . . ’

: o -chair-chair-boat-boat. conformation (90)" ", "evidently the congested

;' - enviroment around the D/E ring system would be responsible for the
A i : .
N . back-bone rearrangement. The perspective view of both tonforma-

4 . tions is shown on the next page (p. 35).
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- Triterpene Syntheses:

The synthetic challenges presented by the triterpenes:
particulariy the‘pentacyclic series_involve two aspects; one
concerns the methods for the assembly of policyclic systems, and
fhe other is concerned with stgric control in‘complex reactions.
The former aspéct has beeﬁ undoubtedly ae§eloped in the steroid
field, the total synthesis of whicﬁ began, in 1956’5. On the other
hand, the latter is of newer advgn; both conceptually and
practicaliy; aﬁ increasing number:of innovétions in synthetic

L\ 0

methodology that appear year @fter year have addressed this.

-problem. As a result, -ealier syntheses of symmetrical triterpenes

were, although of a pioneéring;nature, nopstérepselective in
general, but recent syntheses of several unsymmetrical pentacyclic
triterpenes have shown ;he pfog¥ess\\ not only in the methodoloéy
but also ih the sophisiticate& planning of the synthetic routes
prior t0‘éxperimentat10n. The total s&ntheses of triterpenes
that had ‘been achieved ‘up to 1972 have been. compréhensively
reviewed by ApSimon and Hooperss. Since most bfAthé strategies
and tactics involved in the t;iterpeng synthesig were put into
practice-in the steroid synthesis, it would seem logical to
classify the synthétic approaches according to the sequences

PRI

in wﬂich riﬁgs are construéted as’'is cqgﬁoma;y in the sééioid
fieidsg. The followingzié thg‘g;ief guﬁmary of somg‘examplé;

of the triterpene syntheses, emphasizing the routes sought for
construction of %he pentacyclic array rather than the details.
Considering its impof;aﬁce to the theme of this thésis, the total
synthesis of friedelin will be.described independéntly with some

experimental details.

]
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1) The AB-ABDE- ABCDE Route: - B

In the first instance, the pioneering work of Barltrop and

: 60 .
coworkers =~ on the -synthesis of oleanenes is formulated as an

AB-ABDE-ABCDE route. Their route (see Scheme 17)~bggan with a
prefofmed AB fragment (91) derivable from sclareol, into thch

a CD ring precuxsor (92) was combined: The resﬁlting ABDE'portion
Qas converted to (gé), whicﬁ.in turn'cyclized té p;oduce ﬁ
pentagy;lic hydrocarbons upoﬁ tfeatmeptlwith aluminum chloride.
Two pentacyclic substances, olean -13(18)-ene (86) and 

18d-0lean-12-ene (94) were obtained in low yields"together with

*their epimers from the hydrocarbon mixture.

Scheme 17 L

38
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In the synthesis of olean-11,13(18)-diene (%8), Corex and
coworkers61 followed a siightly different approach (Scheme i8).
Reaction of the Grignard reagent prepared from the"broﬁide 29
with the enol-lactone (25)'(tﬁe DE ring unit-in this synthesis)
gave ; mixture of stereoisoméric.diketones (gg): Intramolecular
aldol condensation of (96) resulted in the fo?mation of the .

d,g -unsaturated ketone {97) which had previously been‘synthesizedGO.'

The conversion of the enone (S87) to ‘a pentacyclic material proceeded

with great difficulty. In any event, olean-11,13(18)-diene (98)

‘ . ' - -
was- separated from the acid-catalyzed gyclization mixture in poor

. | . :
yield. .

Scheme 18 . . A
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and mass spectroscopy. All these syntheses of oleananes depending

- germanicol

"
W

The approach of Sondheimer and Ghera62 to olean-13(18)-ene .
(§§l and. 18d-olean-12-ene (94) was based-on a similar straiegy

although quite different in detail. However, they could detect
f :

W

and (gﬁ) only by the combined technique of gas chromatography

on the AB-ABDE-ABCDE route sdffgr from.a serious drawback, tﬁét is,
a complex mixture of stereoisomers is'produced at the final stage -
as the result of the non-stereospecific ‘cyclization forming the

C ring and pra aly aci@—éatalyzed methyl group migratjions. Other,
synthetic efforts being made iﬁ éhis.direCJion may léad to hetter
specificity.77 |

1

2) The BC-ABC-ABCE-ABCDE Route:

This route.is ﬁest illustrated by Ireland’s synthesis of
63. This brilliantly désigned synthesis (Scheme 19)

started with an easily available BC ring portion (99), onto which
ring A was annelated ((22)-(199)). After several routine proce-

dﬁres, the ABC'ring portion thl) with the required trans-anti-

trans-configuration was made in an efficient manner. Between two

approaches that were investigated for the modification of this

- material, that is -stereoselective introduction of a E ring unit

at C-14 and functionality for the D ring formation at C-13, only
onegroute is shown in Scheme 19. This rathef’difficult task was
elegantly solved by the use of photosensitized oxygenation o
((102)-(103)), and thus compound (103) was furnished with an

o ,@-unsaturated ketone moiety that underwent conjugate addition

of m-methoxybenzylmagnesium chloride followed by angular methyla-

tion, -leading to-(104). Compound (104) thus obtained was - .

4

/

40
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subjected to cyclodehydration, affording the péntacyclic material

(105) from which germanicol . (106) was finally elaborated.

)

. Scheme 19 ‘ ?

Germanicol

God" oy

41
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A conceptually similar approach (AB-ABC-ABCE-ABCDE)- has been:

S ‘ - . ) .

under study-at Carleton in conjunction with a friedelin.synthesis
(Scheme 20)‘64 \

. ] Scheme 20

' S
.
— S _
CHP CHO © - CHO

ABC - "ABCE

iy P
\
é

" 3) The CD-CDE-BCDE-ABCDE Route:

The synthesis of lupeol (Zﬁgvby Stork an¢Acoﬁbrker565 set

o v AL, - i .
; .
A\

out with the:initial construction"of the CDE ring (107) followed

3

R s

- by the stepwise addition of ring B and rihg A in this order.

. The principal problem in tﬁe syn{hesis, the introduction of the

e cu?

o ) ) ) two vicinal methyl groups in a trans-diaxial fashion, was solved

. . . here in an elegant manner. Thus the allyl enol ether (108)

L4 - ' -t
{ - -, prepared from (107) was rearranged thermally to the allyl ketone

3 ‘;‘*"‘: ) . .
b - > - (109), upon which‘hydrocyanatiop66 was effected to introduce one
E 4 : of the two angular methyl groups ((109)-(110)). “The crucial

. . 1 ‘ ., i
o feature of the synthesis, introduction of the adjacent methyl

group in aatrans-rela;ibnship, was achieved through reductive

' alkylation of the cyclopropané derivatiye.(lll) which was obtaiﬁed”

“

" 4 a

o A LT




C e e L

e

+ E PR S PR AR -

L TNy

W?{W'fﬁ o

- ut

v

by manipulation of the hydrocyanation product (110), giving Ellg).
Attachment of ring Brwas carried out following the Fujimoto—’

ﬁq}leau reaction ((}i})—(i}é)). The regio- and stcreosp;cific

construction 6f riqg A wasﬂefficient{y solved via the enolate
trapping method_ygain, which 1§d to the desired AéCDE unit (114) .,

’ Modificatioﬁ of ring A into that of lupeol (Zg)'by‘the use of
.Teductive alk}lggion once more anq ring contraction of the E ring
eventually yielded (llé); a relay c?mpound, which had been convérted

“" 1into lupeol by the same authors in the natural .series. Stork’s
" . . !

synthesis of lupeol is outlined in Scheme 21.-

. Scheme 21 -
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' 4) The DE-ABCDE Route:

- Scheme 21 continued

L v

(18

The highly efficient synthesis of'S-amyriﬁ (119) by

\

van Tamelen and cqworker§67 has fejuited from the accumulation.

> . . : sl . . . ¢
of their extensive studies on the biomimetic cyclization of

terminal epoxidesﬁa. As Scheme 22 (indicates, a Eiigfrmed DE ring

component (116) was- coupled w1th tTe phenyl th1oeth . (117) to
give the -required epox1de (118) for their purpose.

Stannic chloride-catalyzed'cyclizafion effected the oﬁe-step .

. transformation of the’ epoxlde (1 18? into d1- 8 amyrln ( 19) (8%),

surprisingly enough with f1ve asymmetrlc centres being established

<

at one time during cyclization. ThlS ent1rely‘d1fferent approach

.

)

1

1

I ) . -
f -
;
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iF ) ' ofijgjogenetically patterned synthesis which atfempts-to - - ‘
€ Y Y . .

ot deYineate in vivo 'té'xntheseé of terpenoids might compete favourably- °

t . » : \l ’ ’ e ' ’
‘with conventional multi-stage la oratory syntheses in the future
o . . ‘ : —
) as van Tamelen pointed out &8’ ' - .
. . \ ’,
hY - '\X

Scheme 22 . -

5) The DE-ACDE-ABCDE.Route:

The appfoach,‘DE—ACDE-ABCDE route, has been used by Ireland

69 in their successful syiithesis of alnusenone (126), .

'and coworkers
R .
and.ultimately'gasyled to the compietioﬁ'of a friedelin

:‘ - .
: synthesisma’mb

. The convergent nature of the synthesis and the

- ) N N ,
- ~
L 3




» -’
high stereoselectivity achieved in-creating asymmetric ceﬁtres
.have made this synthesis:é monumental step in the triterpene
. . syntheéis. }he alnusenone synthesis accor&ing to Ireland is briefly
' presented in Schemé 23. Tetralpne (DE ring element (_21)) was,
combined with a tris- annelatlng agent (_29) which had been used by
Smith and coworkers7l in connection with ‘a steroid total synchesis.
'fThu;, in a single step, the ACDE fragment (122} was synthesized"
efficiently. This one-step synthesis'of fhe ffagmgnt.consfitupes
the fﬁndamental pattern in their following synthesés.of ;hionone72

: and frlede11n70a’70b.

Nagata’s hydrozyanaﬁién (kinetically conérol-
leq conditions}66 allowed fhg stereoselective introduction of an
angular methyl groﬁp into (122) in the dési;edvgzggg;fashion. ¢

—This procedure as previously utilized in,étork;s lupeol synthesis

(lgg)—(l%gil*is, in general, a remarkéble solution for the ,

- con;pruction of égﬂr_l_s_-fusgd Cb ring ‘system with its two’éng;.xlar C

;ethyl gToups common tp‘fhis élass of t{iterpenps. As verified by
a model study on tetracypliC'analogsvin fheir earlier experimenﬁzggff

. \Ghe Fr1ede1 Crafts cycllalkylatlon of the tricyclic ether (123).

generated the trans- fused system (124) predomlnantly Modlflcatlon

"+ —r— of the aromatic ring E to that of alnusenone.( 26) was completed
\\ through a series ofireactiOns;_despiEe some diffidulties, details

of ‘which will be\p;esented later in the friedelin synthesis.

Birch reduct1on of the aromatic A Ting of (125) and then methyla-
t1on of the resultlng enone prov1ded alnusenone ( 26). It should

: - he noted that the aromatxc A and E ring have been differentiated




N

Scheme 23
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~as. was the case in the 'alnusenone synthesis (Scheme,§3), the correct

alnusenoﬁe intermediates. Annelation of 2-methylcyclohexane-

A7

Ireland has contributed another highly efficient synthe51s,

that of shionone, (130), based on a similar strategy. Therefore,

2
<

stereochemical disposition of the angular methyl ps about th

! :
tetracyclic intermediate (129) was the initial objective. Among
three different routes that had been sought, the most successful

one was patterned closely-after the route for the construction of

1,3-dione with the Smith’s tris-annelating agent (120) followed by
reduction gave (lgzj. An‘anglogoué scheme io that used foi thei'.
alngz?none synthesis employing Nagata’g.hydrocyanation procedure;’.
produced (128). . By cyclialkylation of this material the tetra-
cyclic intermediate (129) was made available _ Conversion of this
tetracyclic material to shionone (;;g) entailed addition of ;hg;
side chain.énd modification of the aromatic A ring, the latter

being one of the subJects to be presented in ‘the next section

Ireland’s synthesis of shionone is outlined in Scheme 24.

. . -

. o .- Scheme 24

(27
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Scheme 24 continued
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\. _ Total Synthesis of Friedelin:

- ) . Friedelin (77) is characterized as having nine contiguous

asymmetric centres including five ang&!ar methyl groups, and its
total synthesis has been the ultimate goal of synthetfc efforts
in these laboratories and others for a decade.” jﬁ*

70a,70b

Recently Ireland’s group has announced the first total

' syntheéis of fridelin in 31 steps. In their synthesis, the route :
‘that was investigated (CDE-ACDE-ABCDE) parallels that used for +

their alnusenone synthesis (Scheme 23) in many aspects: alnusenone

;-(;gg) differs only in the §pbstitufion pattern of dimethyl groups

~on ring A from that of friedelin (77). As'a consequence, it was
first envisaged that the pen;acyélic in;érmediate (129 usedlin
the alnusénone'synthéSis wo;ld be a key intermediate in this casé‘
as we%l. However, on,the basis of the following considerations

certain modifications of the route planned initially were

. ‘ necessary; 1) in the alnusenone synthesis the aromatic ring E of

et NI £ Tt %

the diether (124) was converted to that of alnusenone prior to
¢ .. the modification_of the dromatic A ring, but the sequence resulted

in a low overall yield principally as the result of the initial

AR Y g

'Birch reduction; 2) the completed CDE ring system would experience

severe steric strain and this would cause a back-bone rearrange-

; L. o ' .
- Yy . ment triggered by the acid-catalyzed cyclization of ring A which -

was successful in the shionone synthesis72. Therefore it was

;T deciqed’to postpone tﬁe modification of the aromatic E ring to a

ATERRTR R, TR P -

later stage, that.is, after completion of the A-ring, and by this

alternative it was hoped to be able to circumvent these two

N

problems. In order to implement the new strategy, it was necessary,

E AR S R




[

<, to prepare the pentacyclic diether !131) in which the locations
of ethoxy and methoxy groups are interchanged from those in

4

(123).\ The main stream of their synthesis of frigdelin is‘outlined
. |
in Scheme 25 (pp. 53-54).
: The diether (131) was prepared in a convergent manner simila; ) | -
'.to that used in the previous examples_(ség Scheme 23 and 24 ). -

The selective reduction of the aromatic A ring of (131) in the

presence of another aromatic 'ring (ring E) was feasible because
- - N

© an aromatic ring bearing an alkoxy'group c;n be reduced to a i
desired dihfroaromatié system as seen in'(lég), whereas an a;omatic
’, ring‘contaiﬁing a hydroﬁyl?group remains intagt by vixtue- of the
high reduction potentié;»of a phenoxide ion relative to That of
anisole. In;nxger to é}tisfy this requirement the methoxy group
on ring.E was seI§€;£§b1y cleaved according to the method of

: Mann73

- This operation and' the following Birch reduction of the
i > resultant phenol. afforded the peﬁtacYclic enone (;;g) as expépted
after remethylation éf the“phenolcin 56% yieid.' The problems ~ *
b ' associated with the modification of the aromatic A ring to that
e e 6f the natural product had been solved in the synthesis oé - X A
shionone (i.e. (lzé)-(yﬁp.in Scheme 24 ). Between two methods

developed during the course of the synthesis, the one relying on

the sequences exploited by Eschenmoser and covorkers74 proved tobe

more successful than the other depending the orientation of the
Simmons-Smith methylenation29 by the alcohol function in an
allylic !Lstem7s. Thus , being guided by this experience, the

Eschenmoser fragmentation was carried out on the enone (132), and

the alcohol (134) was obtained upon treatment of the ketone (133)

PR PR—— . a




" with methyl 1ithipm. Cyclization of the alcohol (134) in
trifluoroacetic acid led to an' enol trifluoroacetgte (135) in
excellent yield. The stereochemicalllptcome of the cyclization
could be predicted to lead to the’desired C-4a methyl orientat;on
due to £he control brovided by the axial C-8 methyl group. The
lithium enolate derived with theiéctidh of lithium dii;oprobyl—i
amide was trapped by the SimmonsfS@ith reagent to give a good
yipld of thg-cyclopropanol (136). Since cléavége_&f the cyclo-
‘propanol with acid was’found to be’ inefficient in the present case
probably due to the back-Bode‘rearfangement of the intermediate
cation such as (lég): direct Birchvrﬁiuétion of tﬂe cyclopropanol
(lgé) followed by .acid-catalyzed opening of the éyclopropanol rihg\

. Was éttempted, successfully yielding (137).

Then the stage was set for completion of the E ring of the

natural product and this was carried out in a fashion analogous to

-

. -that used-in the alnusenone synthesis as delineated in Scheme 26
, . . ?

-

(p. 56) with all operations.

52
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Scheme 25 continued

Friedelin
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Scheme 26, . s

0O = _"OH

H6, reflux; (b) Zn-Ag, CH212, THF;

3’
DME; HMPA, nBuli; :

Reagents: (a) Li(OtBu) (ALH, THF, C,

THF; (c) Cr052py, CH,Cl,; (d) KOt-Bu, CH,I, THF; (&) Li, NH
THF, t-BuOH; (f) LiAlH,, THF; (g) CLPO(NCH
(h)‘Ll,‘CzHSNHZ, t-BuqH.

- -

3)2’

‘Ih execqtion;sif was necessaryvto p?ptécé the C-3 hydroxyl
group as the tetrahydropyranyl ether in (138), whigh‘was the oﬁl&
difference from the alﬁhgenone case. In the event, the ff;st totél

;synthesis of dl-friedelin (77) w;s thus completed in Si.steps Qifh
the overall yield of‘0.3%. l .
| }ngéniéusly designed routes, being combine& wi?h highly |
stereospecifig reactions théf were_carefﬁllx selected,‘have
undoubtedly stemmed from thg.accumulafion'of thg;groupfs long
R ,céntinuing effofts, and hence the synthesis itsélé ;hail be

: ) ) " R
recorded as one of the achievements in the history of natural

products chemistry.

.
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RESULTS AND DISCUSSION “ : .

&

0“ac\me of the spuccessful synthetic schemes leading to the

‘pentacyclic triterpenes have been discussed in the previous

section. The most notable synthetic achievements to date, are ' )
' . ' 63 '

on the following routes; ABC-ABCD-ABCDE; ABC-ABCE-ABCDE;

Stork’s synthésis of 1upedl65, Ireland’s syntheses of germanicol
' 70a

alnusenone6?, shionone72, ‘and friedelin , and van Tamelen’s?
synthesis of S—amyrinGT. Independan to these workers, the
preblems associated hithlthe total synthesis of the penthcyclic

triterpenes have been unde® investigation in these laboratories

for nearly .a decade. Our concerns havé been principally fbcus

BC-BCE-BCDE-ABCDE; DE4MQE -ABCDE. |

»

~

*
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. ABC—ABCE »ABCDE

N -
. — <
- . - peores




57

Although some measure of success has been’'achieved in cach, -

.. " ‘route, other potential apprdaches‘tpat are more economical,
Stereoselective and versatile may be envisioned in’order KT
implement the approaches currently bejng 1nvest1gated

4 . N |

In searching for such’ approaches, we have reallzed that a schem
. relying on the-route -DE-CDE- ACDE ABCDE- would be worthwhlle i\\ "

exploriug ‘ \ ' ' :

’ | ' é -"-_—-.H
S N/ .
. . As previously mentioned, the earlier synthetic schemes
& NNy
’ .

which are patterned on the AB-ABDE-ABCDE approach- applied in the

1 . construction of the oleanane group- suffer seriously from poor
__ - : :

3 ' . ~ yields and lacks of stereochemical control during the'final

5 . | ‘ cyclization stages. Without'these‘drawbacks, the approach

R~ SRR e

_starting with a preformed DE ring skeleton would be atiractivg

as ha‘ been illustrated in the van Ta.melen synthesis of

I

-amyrln (Scheme 22) that foreshadowed the viability of the
approach. An obvious advantage pertaining to the DE ring approach
: . ' ‘ ' is the early‘solution in the construction of the cis-D/E ring

- , / junction‘that is the common feature in a number of naturally

i

occurring triterpenes. As a logical consequence, it is likely

hat in such approaches the same cis-DE ring synthon would ultima-

tely become the DE ring skeleton, and thus might serve as a

3 e

*
MW’—YWQ‘
B




.rings, was in our mind at the outset of the work.

58

general synthetic entry to the triterpenes. .

Recognizing the difficulty that is related to the AB-ABDE-

t
-

ABCDE approach, an alternative route still utilizing the DE fing

synthon, that is DE-CDE-ACDE-ABCDE in which ring C id added to the

e ultimate -

objective of our work is the total synthesis of: riedelin an

and therefore 'a brief outline qf the generﬁT‘g;;:;:::c plan that :rr.
would possibly terminate im the synthesis of the natural product

is presented in a retrasynthetic sense (Scheme 27).

s
-
-

Scheme 27
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an allylic alcohol systém or the Eschenmoser cleavage of_%/ggtd .

l
s |
. a methoxylated aromatic ring such. as that present in the - \

" _in the use of latter method,when\it.is'applied to the present -case "

e e

(148)

b

¥

Ireland and coworﬁers7? have elegantly accqmplished the
' LN ) ’ ///
regioselective introduction of the two vicinal methyl groups at ' o

€-4 and CﬁS;thrOGEeriEher the Simmons-Smith methylenation 'of

R

© . - v .. . PR ' .
epoxide74,'both of which are expected to be obtainable from -, g

pentacyclic ether (140), therefore this corpound q;h‘be_considered T

as a immediate precursor to friedelin:. Howéver, a preblem exists.

such that it would presumably cause the back-bone rearrangement L

. . . T, . ) oy
(as ip compound (139)), and thus it seems likely that’ the‘chojce
would be restricted only io_the former p;ocess\(simmons-Smith KR

- »
-




not hard to envision, and the alkylation of (144) with either .

inceptionEOf\the work, alid it is the obServatiqns which have resul-

60

. ' : “y
methylenation).- Other expefience from the Irqlanq’s laboratory

has also demonstr that the Friedel-Crafts type cyclialkylation

is of general utility, both éﬁereochemically and practically, for the
preparation of tétracyclic and pentacyclic ethers similar to

(140), and for this reason the cyclialkylatidn of (141) would

‘ brobably at least produce the required B/C trans-fused ether (140).

predominantly in this case. o e
The angular methyl group at C-14 in (141) is expected to be

introduced by the hydrocyanation66 on the enone (143) as has been

69,70a,72

demonstrated by Ireland on similar enones.

. Incorporation of a gfmethoxyphenylethﬁl .side chain into (144) is

Ed

- " m-methoxyphenyl ethyl bromide or m-methoxyphenacyl bromide would = .

C

probably yield (143). It is expected that the order of introduc-

tion of the angular methyl group at C-14 and the side chain at - = -

-

C-8 can be interchangeble, that is; first the hydrocyanation of

.(144) is carried out awereafter the attachment of the side

chain follows‘pxeéumably"via the 1,4-conjugate addition df

grmethbxypbenyl magnesium bromide to (145). By way of both’

routes, it is ‘believed that‘compound (143) would be derivable

~from (144). ' ‘ H

As the foregoing retrosynthetic analysis indicates, it is
. ; ‘{' . .

clear ‘that the prime synthetic target for our route patterned on

" CDE-ACDE-ABCDE path sHould be the fricyclic enone (144).

~Two discref@ routes that would lead to (144) were &esihned at the

- -

ted from the initial phases of our invesfigé%ions along these

)

‘~line5‘;hat\ar§ reported in this ipart of the thesis, :

4

\ .
. b
i
oo

¥ s, S
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The DE-CDE Ring Approach: S
: 4 . :
' ®he first approach towards the synthesis of the enone (144)

‘involvés th; initial cpﬁ%tructiqn of a preformed DE ring unit and .
its subsequent conversiom to a tricyclic compound by annelatidn,
thus being formulated as a DE—CDE-réute;
- There have been a numﬁeflgf repo;ts regarding the construction
of éhch'preformed DE'ring synthons. Hals;11 and Thonlas76 des¢ribed
~ the synthesis of the bicyclic intermediates (147) and showed that

the hydrogenation of this decalone gave a single compound hich
P 4

they assigned, the. cis-structure (148).

P

&
N

Ja

1

(147) ey

Recently the process has been repeated by Heathcock and

4

. . | .
coworkers?7: and a more rigorous stereochemical proof for the

decalone (148) has been presented.r Similar cis- and trans-

decalones; (149) and (150), have ﬁgen prepared in. these v ‘f
labo_ratories.64’78

S
s

" 6l
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Comparison of the physical properties of the cis-(149) with
4 . =2
those of trans-(150) has enabled the establishment of the cis—L
ste}eochemistry of (149) since the trans-decalone (150) was derived

. . . t -
from the parent ester (151) whose trans-structure was determined
EATY ‘ ——p——— \ .

e

«

by‘Xfray‘analysis._
S

\\ﬂo.
O

OCHs
o I o

(159 - (152)

Uqurtunately, all attempts‘ko functionalize the C-1 position
1, . :

of the cis-decalone (149) failed except on only one asion in
which a low yield of the allyl derivative (152) was obtained.

In view of these discouraging results,'opr'interest was next turned

to a ¢is-decalone (153) in the hopeAthai the molecule would provide -

less steric hindrance. towards an incoming alkylation agent.

-
N $
S N

53 S (159

62




Although compound (153) appeared to be derivable from (149)
Of?known cis-stereochemistry, it was felt that the direct route ‘

1

relying on the hydrogenation of?(lSdb would offer some advantages.
Thus, the preparation-of (149) is already laborious and therefore
the need for extra steps in the synthesis in order to achieve

the conversion of (149) to (153) does not Seem to justify the

" synthesis by this route. On the other hand, there is good reason

“to believe that the hydrogenation of (154) will give the cis-

decalone (153) prcdominaptly; . i -~

The stereochemistry of Fhe hy@rogengtion of d,ﬁ-unQXQErated
‘bicyclic ketones has been widely investigated. It has .been
,'p;oposed that the sterebchemical outcome in the variouslsubstituted
decalones was controlled by the nature of thewangular
substituentst79”/fn principle, when the an%ular substituent is
‘ carboethoxy or carb;methoxy, a trans-product results exelusively;
whereas when the substituent is hydroxymethyl or methjl, a cis-
product predominaies. Thié, however,:is;not the soléVcontrolling ’
factor and the influence of the angular substituent can be. affected .
' by small éhanges in the other pdsitions of the molecules as well .
o ~as by solvené. For instance, the addition of agid to the,sy;tem
| is known to increase the amount.of a Eié:coﬁpound in the'hydroge;

-

. , e 80 . . .
"nation .of some decalone derivatives. Despite the variations in

-

- the cis/trans product ratio caused by these changes, the postulate

above with regard to the role of the angular substituent appears

to be true in a general sense on condition that neutral media
. L4

and palladium-carbon as a catalyst are used in the hydrogenation.

In order to clarify the points that have been argued, a tabular T

!

‘survey for the hydogenation of several 2-decalones was prepared (Table 1).

v
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Table 1 _ The Hydrogenation of Some 2-pecalones. ’
»
Entry ] Products Conditions {References
Decalones ' ‘
10% pd/C
1 ' : cis/trans.- - - ~& . 81 7
: ) o r 53:47  °  ethanol .
. 93:7 ethanol, aq. HCI1
- : 62:38 ethanol,aq. NaOH
: o & 10% Pd/C
) ) B . cis/trans
2 o o forz0 - ethanol _ 82
K 295 ethanol, aq. HC1 -
. : 0 ©30:70 ethanol,aq. NaOH
. . o . - '
3 - ~ 10% Pd/C -
ci;/trans ‘ '
!] 93:7 ethanol, aq. HCl
. - ¢
10% Pd/C - A
' 76 !
’ i
: _i*i - ethyl acetate ;
S K ; 1
Yy

mixture acetic acid
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Table 1 continued
Entry . Decalones beducts ’ Conditions’ References
5 79
., 10% pd/C
6 ' 64,78
ethanol, aq. HC1 ,
7 - Pt 79
'ethanol
4
- L. N \ ’
. -8 10% ?d/C S 64’78‘

ethanol, aq. HC1

_ .
o st b Pt e =
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Based on the work of Halsall76 and Heathcock77 in the
' preparation: of the ketone(148), it was anticipated that the hydro-

genation of (154) should afford the cis-decalone (153) with a high ‘

b 3

degree of stereospecifity. lExamination of the literature also
seems to Support this view (see Entry 3,4 in Tableil). _Consequently,
. it was decided‘ﬁo prepare the bicyclic enone (154) and the hydro-

genation of the substance was subsequently executed.

77

Our synthesis of this material, following Heathcock’s method

’

is outlined in Scheme 28.

Scheme 28

.

S
R

>~ 0

(158 - us§
. o
(lié] | (154

Methyl dimedone (156) prepared from commertially availaﬁle

dimedone (155) by Heathcock’s procedure (methyl iodide, - .

.
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~

.sodjum hydroxide, water, at reflux)84 was reduced with Lithium
aluminium hydride in ether to produce the allylic alébhol £157) in
65% yiefa. Oxidation of this alcohol (sodium dichromate in aqueous
sulphuric acid—bgniene at 0°) fdllowedfby éatalytic hydrogenation
of the resulting enone (158) on 10% Pd/C in ethyl acetate gave |
the monoketone (159) in 74% yield.c,Employing the convenient @

acid-catalyzed Robinson annelation procedure developed by Still .and
- FS

VanMiddlesworth85 (tréétment with methyl vinyl ketone in benzene at

- 0°, together with a small amount of conc. sulphuric a@id), the

_desired decalonef(154) could be prepared in 48% yield (71%

g

‘conversion).. By this route the decalone.(154) was thus made

available from dimedone (155) in an overall yield of 23%.

- Hydrogenation of the enone (154) on palladium-carbon in ethyl‘

.acetate proceeded in high yield (92%) to afford a crystalline
saturated ketone as the only isolable product, the stereocheﬁistry

of which is riéidly established later. Although it was likely, by

- .analogy to some of .the éxamples'in Table 1 (pp. 64-65), that the -

hydrogenation product has the cis-ring junction, definite proof

for its stereochemistry was felt to-be necessary at this stage.

N 4
)

prior to further experiméntation.
In this connection, it was thought that Birch reduction of

the same enone (154) would give the trans-ketone (163) (p. 70)

" isomeric to the Eié-(153) and hence the obtention of‘the samples

in both séries would be of value for identification pu}pése.aa“ -
Concerning the stereochemistry of the metal-ammonia reduction
of of ,B-unsaturated ketones in which the £-carbon atom is locia‘ted~

at the fusion of two six-membered rings, Barton and Robinsonsﬁl \\\

W3

67

]
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Hpstulated that the. reductions, in general, lead to the formation

W

of the thefmodynamically more stable isomer at the £-position.
i///l;ue:(?m :
‘ ' However, using results -of reduction in the octalone series, Stork
and'Darling87 later concluded that regardless of the relative

stability of the two possible octalones, the productlis always

®derived from the more stable one of the two transition states,

. & T (160a) and (160b), for protanation in which overlap of the #-carbon
o withx -orbitals of the metal enolate'is maintained. '

e yeen s
.

oy

s

g -~ . The Stork and Darliné rule has been widely applied for

L

E‘ C . - . correctly predicting the stereochemical outcome of a large number

* . of metal;ammonia reductions. However, there seems to be a even

*  greater preference for the formation of the trans-product than

'

. ' . would- be predicted by analysis of nonbonded interactions if

N equilibrium is established between the configurations that are

-

allowed on stereoelectronic grounds (i.e. overlap of orbitals).

It has been therefare suggested that there is a kinetjc preference

ve

for the formation of dianiop (161a) over that of (161b), and that
this intermedjite,(l6la) undergoes protonation more rapidly than

equilibratiqn_.88 L . '

¢
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materials ((162) and (163)),an effort was made to correlate (163)

with (151) of.ynambigious trans-stereochemistry thétihad bepn?$’

69

Based‘on thelpreceding arguments, in the Birch reductién of (154)
a intermediate resembling (160a) or (16la) should be favoured
over the other one leading to a cis—proddcp,\gnd the intermediate

would be exbegted, ﬁpon protonation, to yield the trans-produét. =

» The decalone (154) was therefore réduced with lithium in ammonia

A\

. " to afford a singie product”in‘a yield of‘82%, and as expected -

the product thus obtaindy 'in. Birch reduction proved not to be

°ident1;a1 with the hydrogenafion product (162).

Consistent with the prediction regarding the stereochemical:

* outcome of bbth‘hydrogéqation,and Birch reduction, the results

S - v
appeared to show that compound (162) from the hydrogenation

would be the cis-decalone (153) whereas compound (163) from the

[y

14
oy [
In order to ascertain the expected stereochemistry of both

-

Birch reduction sshould be trans-fuse&zﬁéee Scheme 29).

PPN W

}

determined by X-ray analysis. N , ' .
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- - Scheme 29° o ’ ‘

Thus, the following transférmations qf ‘the trans-ketone (151)
as outlined in Scheme 30 were carried out. Ketone (151) had already

‘been transformed to the corresponding alcoholi(165) through (164)

(Work performed by Dr. Badripersaud). Corey ox1dat10n8 of the
alcohol (165) gave the correspondlng aldehyde (166) in 89% yiéld,~
Aldehyde ( 66) ‘was then subJected to Wolff—Klshner Teduction

cond1t1on590 to afford the ketal (167) contamlnated by the trans-

' ketone (1682 ‘which was clearly formed during the work up of the

- reduction products by acid. Acid-hydrolysis of the mixtures, (167)

and (168),\in boiling acéﬁéne"with dilute §xa1ic acid furnished

A

the crystalline trans-ketone (168) (85%).

-

With the ketone (168) of known trans-stereochemistry:in our

hands, direct comparison of this material with the previous ketone e

"~ (163) whigh had been obtained from the Birch reduction,of (154)

was possible. As we expected, coqpound {168) with the unambiguous

e A

Ty
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+

- chemical shlfts' Seej/APPENDIX III p. 167). A significant. | :

-

06y feg)

- . R [

trans-ring junction was indeed identical with the ketone (163);

thereby estab115h1ng the tran$-ring nature of (163).. Inasmuch as

the _trans-ketone (163) has the same molecular weight that the

hydrogenat1on product (162) does but shows distinctive differences

¢

in 1H and C nmr, and in meltlng point, the ketone (162) must

¥

. bear the cis-junction; evidently ketoneA(162) is identiceljtith the

g}§;decalone (153) (p. 62).

Of particular use in the assignment of stereochemistry that

éubstanfiatedgshe above cohqlusion is the 13C chemical shifts of

_ decalones (1 62) and (163) (for the complete assignment of the 0




ééature_ofuqhgir 13C ;pectra is Fhat the angular carbon atom in
the cis-fused decalone (l§g) hés a.chemical shift of 27.5 ppm
wyherea; the correspohdﬁng ab;orption in the Ezggi;isomer (163)
L//’\\ appears at 13.9 ppm. This observation can be attributed to the
. L fgctlthat a Ezgggfdécaibne has a greater number of §-interactions’
which contribute to the shielding of ihe angular carbon atom.g1 '

e The chemical shifts'of the angular carbon atom in some cis- and

trans-2~dééaloneg,are collected in Table 2 for rgference purpose.

2 Table 2

-

T

Chemical shifts of angular carbon atoms (ppm)

—~ - Decalones cis trans AScis-trans | Reference
g (169) --- c. 1409 e 82
. _ - - :
(170) 27.0 C17.2 9.8 | . 93 -

!(171) : o277 18.6 9.1 94

¥
¥ ) ; . -
EV . 172) | 26.2 19.6 " 6.6 ‘ 9\49'
T
. - t
g . — ! tBu .
] H_F

WP




The observed:difference in qpemical shifts, 11.6 pém between

»° y

~

'(162)fend»(163), is "somewhat larger thqn'the values duoted in,,
"y

95

[] ’

Table 2, but in,compiete accordance with Stother’s observntions
that the sh1e1d1ng of the steroldal C 19, methyl carbon dxﬁfers

- i

. by 11- -12 _ppm between 5&- agd S#-steroids. Therefor it cgn be

.

SR G SRR, e

_concluded thaf tbe C nmr data for the compounds C162~wend\ 163)

L A

are the direct reflection of their Stereoéhemistry at thf ring

e S

junction. . oA e
. « ' N L] )

Having,unequivocally established;the stereochemistry of (162),

. i
feg e

v .
>

’ L we then set out to study the functipnalization of C-1 which had

A been unsuccessful on-compound (149). In view of the p?8V1ous :
o . ,
experiénces from.our laboratory, attempts were made to generate

i g AP
Al

e
<

o . ' - a metax enqiate such as (173) and trap it with a sultable

alkylat1ng reagent. °

' T . . : : ' .o .

:

. %% generation of a:A(ial'enolate coupled with quenqb1ng by an ~:;

. . alkylating rea§-°' precludes the need for elther‘blockrng or
,', ¥ R AP S ¥
additional agtivating groups., 1

» “»

F " " - -Pr{ncipaliy there are twﬁipet ods available at present for

o . such reglospec1fic or regzoselective formation of a metal enolate -




- . the formation of base (lithium t-butoxide) whoséxgrésencé in the,
. ¢ v .

T a siI&l'enol_ethef from ketone (162),Zon1y’to recover the iefong

" .from the corresponding enoL acetate ( 174) upon treatment.with - °

-'methyllithiuﬁ was‘allowed to react with'4yffimethqu}1y1vinyl

A

from an unsymmetrical ketone; a more highly substftuted‘mQFal

- enolate can be prepared by reaction of an enol ester (formed under

ther&odynamié conditions) yith an orghnometall}c reagent, and

simi;arfy a silyl enoi éthef can-be!used:as a présursor’of either -
-a more Or IFss highl} sgbsituted metal enolate deg?nding upon thg_
conditions under which it is geherated Stpermodynamic or Einetic . \’
control). Altﬁough, by .the 'second method, it is often difficult .

to obtain a 51ngle enolate (1 e. a single silyl enol'ether)'Qf an

' \
unsymmetrical ketone under- equilibrating conditions, the qethos\

-

\

offers such an advantage over the first one tha\ it "can avoid

reaction medium might complicate the alkylation reaction by
" 96 - >

enhancing Qi— or poly-alkylation:

<

Tite above consideration led us to attempt the preparation of.
: _ R .

. . ‘ . s VoL o o
quantitatively under several conditions. By contrast, it was -

. . - .
B . . .~

,feasjble,to ﬁrepare the corresponding enol acetate (174) from Lot
the ketone (162) by folldwing the procedure of House and
c\owbrkers9 (acetic anhydrlde and catalytlc amount of perchlor1c .

acid . The: product was,‘ln fact, the more highly substltuted

LN

enolsacetaxi 4174) and no appréciable amoupt of the less highly - ’
. .. .

subst1tuted isomer (A 3 isomer) was detectgd by nmr:. -

»

In one experlment the 11th1um enolate ( 73) (M—Ll) generated

R
. i
¢ L

e

ketone 175 , and the react1on produced an ill-defined ketone

v -

in less: than 10% y1e1d whzchvwas suspected to be a. tr1cyc11c

. ; . T
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As we had observed befofe,64 the lithium enolate (173) (M=Li)

' 'failed to react with allyl bromide in a number of solvents {ether,

¢ E.2 "

tetrahydrofuran, and 1,2- dlmethoxyethane) While these experi-

ments dld‘not show any encourag1ng results, there was obtalned a -’

new produgt in a yleLd.of over 80% to which structure (177).-was.

. *

assigned when the adkylatibn was cqnducted in© - e s

Hexamethylphosphoramldé (HMPA) Character1strcally, the nﬁr
spectrum of thls product contalns a methylene peak appenxlng as a

multlplet‘centered at$§ 4.10 ppm, which can be assigned to be the
N . - N - (W .

‘methylene group lying between the oxygen atom and the vinyl group.

The formation of (177) i not entirely uhanticipated and resulted>

-from ﬁhe exclusive O-alk#iftion of the 11th1um enolate (173) in
. HMPA. A reasonable rationalization for the formatlon may be made
9

using the following argumenx.g, a very aprotic solvent such as

' dimethyl sulﬁhoxide or HMPA has the ability to solvate a metal

. cation so strongly that a relatively free enolate anion is availa~

t

© blé in the solution and as the result, the enolate anion. is apt..

75



to be captured by an,alkyiating'reagenﬁ,.forming an O-alkylated

a

product. - : ‘ .

v v

It was felt that compound (177) would qndergo?CIaisen

.

rearrahgement readily by which one could introduce an allyl side
chain at the C-1 of  (177) as shown in (178). However, the question
as to the stereochemistry of the allyl side chain would'repain

. » .
even if the Claisen rearrangement took place as expected; it. would

»

be eitﬁer ld—(equatorial)l or lel(axial)-allyl systeh.

While axial attack is generally favoured on stereoelectronic

.grounds,loo

the approach.seems to be offset or at least disfavoured

by %hg steric factor provided by the angular methyl group in the

&

. }ase at hg;d (s;e (178a)). In a similar manner, equatorial attack

" . (from o{-face) would have to fage the steric hindrance exerted by

Y

the E ring (Parifculﬁpdf by thé'Tséﬁilene group at C-8; see (178b)).

Accordingly no rational pqe4iéiibq9§ﬁpu€‘the g§§mé¢fy around C-1

a

‘ . . - A ot F
. ) . - N ' LN - Ty
could be made a priori. = ., sy e weeh A TE .
L L * . . " - aey PPN
. T . . ) . R BN s
. - e . X
© | . v ot . LT LI an Wt v,
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In attempts to effect the Claisen rehrréngemcnt under a

-vafiety of conditions, the reaction displayed its capricious

nature. Pyrolysis of the chromatographically pure (177) in a

. A ' r
sealed Pyrex tube (200-220°, 20 min) affoxded as high as 28% " ~
! t

yieid of a new product to which we assigned structure (179,

~
.

B

together with the origihal ketone (162). . ‘

In boiling'2,2-oxydiethan01 (bp 201°) the ketone (162) was prdduced

.quantitatively.  This abnormal fragmentation to give (162) can be

*

explained-by the mechanism (Scheme 31) inyolving é (1,5)- -

_sigmatropic hydrogen.shift withtextrusion of allene (retro-ene-

101y : | f -

reaction

It sounds reasonable to assume that in the case above the

i
t
Claisen regrrangement being normally a low energy process requires . i

a transition state whose energy is raised.by the steric_factgrs,\\

- .

LA
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; (29 (119 .
. " Claisen rearrangement .
- AR
- k] s \\
‘ \\\\ X
. | . . C
XH’ © + g
0 allene
. , L ]
. ~ 4 S S
. . B . . .&2-2] .
) Retro-ene reacﬁon ' ;
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v
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¢

and therefore the seemingly aqpmaloué process Which leads to the
©observed homolytic cleavage in a formal sense would become

- -

competitive with normal reafrangement.
@&

a

After some experimentation it was found that in_boiLing
diglyme_édiethyléneglycol dimethyl ether) the unfayourable . .-
.fragmentatidﬁ'coufa be minimized to some extgpt‘which; h;wever,
was far from satisfactory, whereby as high as. 45% of the desired
(lzg):was obtainéd. The ﬁroblem_on the stere?chemistry o{ ;hé.
ﬁewly introduced allyl group at, C-1 remqined,'as yét, to -be sélved.

' In this connection, it'was'tﬂzught that ghe solvent—induceé
shifts of the.pél metﬁyl group would be of some use ‘in detgrmining
the s ereochemistry of the methyl group and hence the remaining
allyi g™up could be definedwspatiaiiy relative Wifﬁ the metﬁyll
“group. Generally,‘the‘golvent shifts induced by&replacing
deuterocﬁloroformlby benzéne ( Z\;-S-CDC15-8CGHG;\;;;\ﬁpgatiye

for protons-lying:in front of a carbonyl group and positive fo#
102a,102b .

*

Thus the solvent shifts_are

protons lying behind it.
‘e I » B i “ ! . T -
useful in establishing the spatial relationship between a ketone

.and protons whose resonances can be discerned in both solvents.
. C . ' )

This relation is illustrated in the figure (p.80) using L e

79

éyclbhexane as an éxample where equatorial protons or methyl‘groups -

" adjacent to the carbonyl group are barely influenced while those in

~axial positions are strongly shielded. Lo
: . : . ~ - 4
N The situation is somewhat different in pyridine,103 here the

-solvent shifts’( As § CDC13-:§£ CsﬁsN) are negative for protons

- .

lying in frontAof‘a/Carbonyl group in a similar manner. to the Co

‘ . - gy
benzene-induced shifts, but:the values are;, by, contrast, zero or

- . el o .-




e o Figure Benzene-induced Shifts

/ As0d5 (82 . .

~

— - " Ra A~035(21 Hz)
a=03pm (1o4z) :

. . small (negative or positive) for protons located near a plane

peri)endicular to the carbonyl double bond anci passing through
. . ©ck-carbon atoms. In Other words, a change of sxgn occurs near ,
a, plane blsectlng the molecular plane at the d\—car.bon atoms

)
LA sl
perpendicularly in pyridine sﬁifts, whilie\ in the case,of benzene

- - . : . .
- shifts the reference plane can be drawn as cutt;,ing through the

cafbonyl _carbor'{ (see the illﬁst‘rat‘ions.- below).

T S S -———-

" -
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% Sy L e
As the foregoing arguments imply, one can distinguish an .

P

. equatorial methyl group from that in an axial position by combin- -
ing both solvent shifts wdth certain reliability if the vaiue
; . .in benzene is small (negatiye) or zero and the‘corresponding ualue'
‘ -, in pyridine js apprec1ably negatlve 0 If ‘the benzene induced shlft
has a positive value in the order of 10 Hz 'and the shift in ‘

- pyridine! is small (-5 to -4 Hz) or zero, the methyl group can be .

said to be axial.

. 1]

In ketoné (179) the values of the methyl resonance at C- l Coo

+

“were measured to be 6 Hz 'in both- benzene and pyr1d1ne

These~v§1ues-suggest an axial rather than an equatorial methyl

b . :

groun, and therefore }t“seems likely that tne C-1 methyl group\of

. . (122) occupies an axial position. Based on th1s f1nd1ng it was -

i"~ i proposed that compound (_zg) has a o{-allyl group and af? methyl

. : group (as represented by the stereostructure (1§g)), nevertheless
we could not préclude the‘possibtlity that were the allyl group on
thejeiface of the molecule, the:D ring might be forced to exist |
as’a half-boat form because of'tﬂe severe 1,3-dia;ia1 tntefaction

between the allyl and angular methyl groups, in which case the

oA-pethyl group at C-1 would become psuedo -axial as in (181),

- .k.~' Taklng th1s s1tuat1on for granted the stereochem1ca1 assignment

“a
.. o -

around c-1 must be reversed.  For this reason the structure (180

- . . . ~ -

*should be considered as tentative only.
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Aosetans .

Since only (181) beariﬁg aol-methyl group at C-1 can be of

use in the synthesis of the tricyclic synthon (144), and in view
" of the relatively low yield of the Claisen rearrangement, taken .

tOgether with the uncertainty- about the structure of the product

as t0'whether it is (180),or (181), we have at this stage regret-

fully- abandoned further investigation of its use for the’

' - B T preparatioh of (144)‘§n;favogr of the route described in the

T ;'- : 'folxbwing_sectioq. o L :

o S . . — ,




(

'Ihe CDE Ring: Approach , . .

in. parallel to the DE-CDE ring approac;\lhat has been discussed

-
©

in the preceding ISectiqon, an alternative route (the CDE approach)
to the key synthon (144) in-our synthetic plan-has béen explored.

The main strateg} of this approach is to initjally synthesize the

CDE ring skeleton and then convert it into the requ1red enone

(144). At the outset of this work the tr1cyc11c intermediate ( 82)

. a

was in mind.as our prime synthetic objective.

(1449) ° : . ‘(183 ;

[ -

The substance (182) provides not only the correct stereo-

chemistry at the D/é ring junction but also the opportunity-for

~ elaboration of the C ring of the target molecule (144), because

compound (182) has a methoxy aromatic ring which should give access

to the enéne system present <in' (144)..

The construction of such-a CDE ring synthon, although t'f:

éonceptually new in the triterpene syntheses, has several litera-
104a, 104b

~ ture precedents - In connectiofi with the synthesis of

‘s




'y

. . t
1ed to compounds (185) and (186) respectively.

[
~

.
1 B . '
., n ¢

‘ T 104a I
cassaine analogs, Daum and coworkers Teported the preparation

%

“of ‘the getrghydrophenantbrone‘(lgii‘from.the bromide tlﬁé) éng

.the keto ester (184) according to the scheme below (Scheme 32)..

?

\

Schema'32 S

~

104b reported the Synthesis of coﬁpound (186) as a

o
Thomson

»model compound for a gibberellic acid synthesis by‘a similar

. . ¥ - . .
.route. Both routes involve condensation of a halide with the anion

AN

. of the keto ‘ester and subsequent acid-catalyzed cyclization that

-

One can therefore foresee that the basic skeleton for the

- i ’ \ o ‘e >

Ll
s

key ;uﬁstan;é (182) could be constructed based on the same idea, . .

. L}
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and the starting point of this rescarch was then set at effecting
. : S

the alkylation of ,the ketoester. (187) with the bromide (185).

} R R ,
3

‘(Scheme 33). .

L

Scheme 33 g y .\

- . [

The kéto ester (187) can be pregpared readily and the method

.

used to synthesize this compound has'\been ﬁpblished frém our
1abo:atory.78 Scheme 34 outlihes its preparation, and the only

* modification in the present route differing from the previous one

can be seen in step (d) where Deslongchamps’s method105 for

B 'cafﬁomelzthoxylation‘of cyclohexanone was employed.. Following this’
p - " v " t‘{» .

; ) , . schéme, the ketoester (187) was synthesized in an overall yield of

25% from ethfl acetoacetate.,

'"Condensation of the keto ester (187) with the bromide (183)

- *
'.‘W A

“in the presence of base (potassium t-butoxide) proceeded.in a yield

1. - of about 31% to give compound (188) (Scheme 33).
'gyMeth&é!phenyl%thyl ;osylatg‘hs an élkylafingvagent offered no
e © ".  advantages over the bromide (183), 'but rather complicated ‘the
-,\\ ""_ L “AI v ' ' ’ D k'-_ ' ‘ ‘. . ’ » . K - 1 = - o ."-
‘\\ . .; : . ‘ :~ - S A ‘(‘.

"85, -




Scheme 34

| i : ) (;Ozczl‘ls L : .
S ) , ' cofL.H; .
CHLOCH,CO,CH, -2 _b., +
) S } 3 ; 0 o

CHOC T

. »
-

(c) CHsMgI,vCuI;

_ Reagents: (a) HCHO, piperidine; (b) HZSO4;

- () CO(OCHy) 5, NaH, KH

‘e s
. >
- «

) \‘ ' ’ .
separatlon of tﬁgfproduct (188) because the unreacted tosylate in

°

the reactxon mlxture made separatlon by dxstlllatmn 1mpract1cahl°v

.

'I'he c:ondensatlon reactlon was always accompamed by the

formatwn of a side product (_-methoxystyrene) which appare!?tly
- ® . ,
Tesulted from elimination of bromine or the tosylate group m the .
f

alkylatmg agent by base. In order to avo1d tlus unfav&xrable

51de reactmn, m-methoxyphenacyl bromide (189). conta:Lammg no_

.
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1

hydrogens at the benzylic position was used in the

L]

‘alkylétion, nevertheless the yield of (188) turmed out not'to

" be as.high.as we expected {54%) since.in this case the extra

carbonyl group in the product (190) had to be removed reductively

* by hydrogenation in an acidic mgdiqm.

Te
°

.
e
vt

Finally after the abovementioned experiments it was concluded

that the first aikylation method (as shown in Scheme 33 p. 85)

“would be the best in terms of reproducibility and purity of the
&

product although the yleld was not entirely satlsfactory
The alkylated product’ ( 88) was. cyc11zed eff1c1ent1y by reflux1ng
in benzene with E;toluenesulphonlc ac1d prov1d1ng a tr1cyc11c

compound 191) in a yield of 83% (Scheme 35).
p < , b

.
’ °
) -

87

e e

* W g &
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Scheme 35

(188) . _ ST uan o

-

[

Compound (191), heing essentially flat,_gould probably
@ . .
approach a catalyst face only from o(-face upon hydrogenation

beéguse of the steric effectsprovided by the angular carbomethbxy
. N - N
group, and for this reason it seems almost likely that "the hydro-

genation of (191) would produce .the trans-stereochemistry at the

D/E ring junction. By contrast, if the angular substituent

oyl

+ , contained a deroxyl grqup} ihe'catalyst surface would be able to

3
approach to/the molecule preferentially from f-face by virtue
b ] . .

ing effect by the hydroxyl group, thereby a cis-
106a,106b

Iy
i

hemistry would be expected. This sort of attra-.

tive interaction between the catalyst surface and a part of the -

i reducible molecule, particularly a hydroxyl group, has been

s

- known.for a long time and recently generalized in the term
. "haptophilicity" by>Thompson.%06b According to his definition, the
directing effect of a hydroxyl group in heterogenéous'catalytic

ﬁyaﬁogenation arises from the fact that the hydrqul‘group binds.

to the catalyst surface in such a way as.to make delivery of




hydrogen from ,its side of the reducible molecule possible. This -

o ‘hypothesis is illustrated in the model -shown below.  06P

N B : ' I .
.’ : v N #

Perhaps one_illustrative example of the concept can be found -
in the hydrogenation of‘decalones (192) and (193) (Scheme 36; see

also Entrie6 and & in Table 1 p. 650478 - i .

Scheme 36‘
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Hydrogenation of the ester (192) yielded decalone (151) with
unambiguous trans-stereochemistry, by contrast compound ‘193)

differing from (192) only with fespecg to its angular substituent

gave the cis-fused alcohol (149). Here, the haptophilic properties

‘of the angular hydroxymethyl group undoubtedly reversed the stereo-

chemical course of the hydrogenation. -

It remains, however , to determine whether or not this consﬁpt

can be utilized in directing the stereochemistry of double bond

hydrogenation in a compound’ such as Clgl))nalthoughjg priori we

concluded that catalytic hydrogenation of {191) would lead to a

EiEEETD/E ring juncéion whereas reduction of the corresponding

alcohol (léﬁ) should-provide the Eié;fuseé product (187) as the
. . . .

major material (see Scheme 37). Accordgngly, compound -(196) was

&

. prepared by, lithium aluminium hydride .reduction of (191) in a

nearly quantitative yield.

IS

"ScheﬁE'S7




e W=

. y 4 .
With both samples (191) and (196) ™ hand, we first carried .

out the hydrogenation of (191) on 10% Pd/C in tpluene. ,Compound
‘(191) upon hydrogenation gave what appeared‘to be a single ester

(194) in 98% yield, and this ester was further reduged with lithium

_'aluminium hydride to the corresponding alcohol (195) (S4%). Under

.. -

simi}ar hydrogepation conditions‘phe alcohol (lggjfwas reduced
catalytically to give the alcohol of ambiguods séereoche@ical
purity (197) which lager broved to bé é migture of thé éié— and,
Ll ' -

Ezggg—élcohoys, (195) and (207). These sequences are shown in
Scheme 37 (p. 90). s

Examinatién of the 1H‘nmr spectra of both alcohols (195) and

(197) revealed a remarkable difference in the region between

§ 3.10 and 3.70. The, signals due to the ahgular hydroxymethyl

group (CH,-OH) of (195) appear at §3.20 and 3.61 as a pair of

l,vdoublets (AB type) whereas the alcohol (197) exhibits two pairs of

doublets, one at §3.20 and 3.61 and the other at § 3530 and 3.42 in
the corresponding region. Assuming -that the stereachemistry of

(195) be trans, that is, the first pair of the doublets appearing

at$3.20 and 3.61 represent the trans-nature of the ring junction,

5 .

.:‘we were inclined to suppose that the third pair of peaks at § 3.30

3.42-would belong" to. the true cis-isomer. These relationships
can be visualized in the diagram (p. 92). ‘
In assigning the stereochemistry of the bicyclic alcohols,

(149) and (150), whose structures are closely related to those of

" (195) and (197), ApSimon and'coworkers78 have ‘utilized the line

width of the angular hydroxymethyl absorption in nmr and concluded

that the trans-fuséd (150) has the,.line width at half-height (Wih)




[
.
(
.
4
o

-

. ' R Diagram representing the IH nmr signals for
the angular hydroxymethyl groups (CHZ—OH)c
L4 : . -

; . , ' {195) trans

| s

= 3.70.3.60 3.50 3.40 3.30 3,20 5.10

L.

- 1.

- l' B '\ (207) cis

\ * p—

of 3Hz as opposed to the values (lHz) for the cis-fused (149)..

' o o l' o | " (197) mixture

This argument is based on the posﬁﬁlate'of,Spencer-and'coworkers

o

107

that the Wih for the trans-decalins is ‘always larger than that for

‘cis-decalins. ; ' ot

.

\
3
S
)

4

o

92

»
~.
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The Wih. for the first pair of doublets at §3.20 and 3.6l

‘(see the diagram) and that for the .second pair at $3.20 and 3.61

L 3

in (197) have the same value qf 3HZ, in contrast, the cogres nding

A .
.valée for the last pair at § 3.30 and 3.42 (also in (197)) is rela- L

tively smaller (around 2Hz).
Applying Spencer’s rule in the present case,“thé follgwing
arguments can be propo§ed; the first and second pairs are_éue to’
tﬁe angular hy@roxymethyl groupvwith th? izggéffﬁsion_and hence
compound (195) contains only the irgg§;i56mer, whilst compéund .
s . .
(AQZ)Iis composed of the cis- and EE%EE;isomers since the last

Pair can be regarded as aris?pg from the cis-isomer. As the fore-

going arguments imply, the hydrogenation of (191) was believed to

produce the trans-isomer (194) of stereochemical purity but that:

of the alcohol (196) ﬁas not stereospecific, resulting in'the

formation of a mixture of the Eiif and trans-isomers (197).
Acco;dinglyj is,wasAthought tﬁat chhnging solvent might affect

the stereéchemical course of the hydrogenation and ihat:hopefully.»

it would increase the portion of the cis-isomer by enhancing the

haptophilicity of the hydroxyl group to a dgree which would be

. e
synthetically useful. Unfortunately little is known concerning
. s . ‘"\7
. the solvent effects on hydrogenationso’logfand therefore predic-

tion of the stereochemical outcomefgeemed imbossible. For this

- P .

reason, the hydrogenation of the alcohol (196) was conducted in a
nunber of solvents. Normally the hydrogenation was found t6 give

a mixture of the cis- and trans-isomers as revealed by nmr, but

exceptionally in acetonitrile it produced the cis-isomer

-
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predomjnéntly,‘in this case, however the rate of hydrogenation

n

" was too slow to be of synthetic utility. . .

In the meantiﬁew the hydrogenation of alcohol (198) that is

_astonishingly siflar to our system was reported by }\pmpson~and

\

coworkerslog. *Their results (shown in Scheme 38) showed that

'compbund (198) upon hydrogenation gave cis- and trans-mixtures rich

"~

in the trans-isomer (199) (trans/cis 94:6 in ethanol) ‘whose cis-

composition was increased as the polarity of the solvent was‘_

decreased, and that the parent ester (200) was hydrogenated to

‘provide the trans-ester (202) which was in turn correlated with (199).

Their observations seem to agree with ours besides the high

percentage of the trdns-isomer in the hydrogenation product, and

thus support our speculatidﬁ concerning the stereochemical outcome

~of the hydrogenation (p. 93 1.6). Additionally, it was reported

that iithium—ammonia reduction of the carboxylic acid (201) yiélded .

v
(Y

.a single carboxylic acid (203) to whipﬁ they assigned the cis-fing‘

junction. Lithium aluminium hydride reduction converted the

L
»

carboxylic acid (203) to the alcohol (204), which was nofvidentical
wjﬁhvthe previous alcohol (199). Accordingly their sfereochemicélv
assignments for (122) and (204), and hence for‘kggg),;nd 203) are
self-consistent within thgir system. . | ,
Having been encouraged by these results, Qe decided to prepare.

the corresponding acid (205) (Scheme 39) and undertake the lithium-

ammonia reduction of this compound. On the assumption that a minor

- difference in structure between (201) and (265) would not cause

significant changes in the .stereochemical course of the reduction,

-

a cis-product was expected upon the reduction of the acid,(?Oé).

-

i
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Scheme 38

(198)

_"R:Cz H5
H

(20
(20) R
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Saponification of the ester (191) with potassium hydroxide

in methanol under reflux procee@ed extremely slowly as Thompsonllo

pointed o;t,'but replaciﬁg the solvent from methanol to ‘methoxy-
ethanol (bp 124°) greatly facilitated the sapdnification.r In this
manner, adreasonable yield (71%) of tﬂg carboxyldc acid (égé) could'
be obtained during a reasonable length of time (48 hr).

éollowing Thompson’s conditions for the reduction of (201) to

(203), the acid (205) was treated with lithium in 1iquid.ammonia

to give a saturated carboxylic acid (206) in a yield of 74%, and

this acid was reduced with li;hiuﬁ aluminium hydride t® a

. - TN L

. ’ N
hydroxymethyl compound (207) which was not identical ‘with (195)
obtained through a hydrogenafion and lithium aluminium hydrigg

reduction sequence from (191) (see Scheme 37). e

0 - - Scheme 39
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- Consistent with our prediction on the assignments .of the

angular hydroxymethyl peaks, the nmr spectrum of compound (207) ;;N,/J
displayed the characterlstlc pattern appearing at §3.30 and 3.42

which had been supposed to represent the ciszring junction.

2

This result, taﬁén together with our previous stereochemical
assignments for.(lgg) and (197), suggestedithat if Thompson’s
assignments for (;ég) and (204) were correct, so would be ours

for (195) and.(207). We were therefore confxdent that the alcohol

(195) posesses the trans- rlng junction and thus the other alcohol .

‘ (207) has.the cis. ‘ - R i -

.

Inasmuch as our stereochemical assignments were dependant

upon the preceding arguments, there is one weakness in our logic,
¢ o

- ' that is, only evidenée relying on the Wlh values (refer to p. 93)

, can allow us to distinguish the cis- and trans- isomers.
. Interestingfy, 13C nmr data for both alcohols (195) and (207)

displayed almarked contrgst in chemicalfshift of their angula;

hydroxymethyl groups (C;Hz—OH); the chemical shift for (195) is
}59.2 ppm while the corresponding shift for (207) is 69.2 ppm.

Although the'observed shifts themselves have no reference

values for coﬁparison, the difference between the two , 10 ppm,

is in accord with those between cis- afd trans- decalones
xw i

(Table 2 p. 72) \ Con51der1ng the fact that the angular grouping

> in 4 Ezéég decalin is always shielded 51gn1f1cantly when 1t is
' cpmpaﬁﬁs to its counterpart in a cis-series, these obsgrvations

suggest that the alcohol (lgé)‘has a trans-decalin ;t?ucture .
while the other alcohol (207) is Eiéffused. Thus the 1°C data’

for the alcohols (195) and (207) appear to support our ‘original

P



assignments based on the_coupling patterns for stereochemistry
at the ring junction (p. 91 ). These assignments were later

confirmed when the 1§C data for a.jpir of hydrocarbons, (218) and
N el

(182), that were derived frqm (195) and (207) respectively became

’ e *® °

: available: !
~TTTN . : . ivfr

Our results as well as Thompson’s109 in whi¢h the . 0
wlithium-ammonié reduction of tﬁe unsaturated carbox&lic ;cids. e
wa; achieved with complete stefeocontrol‘are of pafticqlar
: interesg‘sihce they mighi assisf'iﬁ an appreciation of the

: - ]
stereochemically controlling factors in reductions of this type.

The reduction of a styrene type System with alkali metal

- in liquid ammonia has been known for years and génerally beliqved
to proceed via a dianion intermediafe followed by successive
protonations.1¥1 The reduction is_initiated by the addition of

two electrons to the reduciblé double bond, and the dianion

inte}mediﬁté thus formed undergoes protonation in such a wa; that
more basic éositionh(homp-ﬁenzylic) protonate; first and proto-

. 'nation of the less basic position (benzylic) follows. The course
of the reduction may be reprééented in the fashion shown below

. {Scheme 40).

N ' " Scheme 40

" CeHsCH=CHR + 2€ — CeHsCH-CHR NH3. coH,CH-CH,R

-

‘ ‘NH3 s
) . _ : . -————).CSHSCHz-CHzR -

"
L)

\ N n T

.
T
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-« Concerning a\cyclic stilbenoid system in which the‘reduction
. :‘ results in the férmationlof one or two-neffisymmetric centres,
\Smithllz has, on the above assumptio;, pr;posed that two factors
L : .
, ' control the stereochemistry of the proton addition to the dianion
¢or monoanion intermediate; 1)5the,relative stabilities of'the
‘- available conformati;hS'of,the inter;ediate (conformational
fécfo;);'ZJ th;lrelativé degreesﬁof.steric hinhrancp to the
o differapt approaches of the proton aonof to the nggative charge -
- ~ -in these conformations (steric approacﬁ factor).

In order to discuss our results (i.e. (205)-(206)), we will

not consider the.first protonation step (protanation to the homo-

a

benzylic position) since it requires little aéiiva;ion energy
relative(to the following protonation step (to the benleié"
pos%tion) and it does ﬁot decide the crucial stereochemistrf’at
the ring junction. The factors gOVerﬁingothe second proton#tion

, - step in the intermediate monoanion will then be of more importance

¢ e .
- : and of our major concern. The addition of the first proton to the
* d . » * N ‘ A ' .
dianion gives two conceivable 'preferred conformations for the
?)

resulting monoanion, (208a) and (208b), phéi would eventually“

Lo . . ) . .
. -lead to the trans- and c€iS-iring junction correspondingly upon

- protonation. Both conformations (208a) and (208b3} should provide
good ring overlap with thglbenzylic anion.

Thompson and qowo:kerslog, in explaining their results, have
claimed that the stability of the cis-junction in their system
; renders the conformation (209b) favoured over (209a) under

equilibrium and the equilibrium mixture copsisting of largely

the cis-conformer (209b) gives rise to .the cis-product (203)-

. hd «
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° . tScheme 38) ﬁbon protonapjdﬁ the rate of which is gomparable in .

: both conformers. . This argumént can-be interpreted, according to

2 e e

&. . . - o .
Smith’s proposal11 » as follows; the cis-conformer (209b) is

!

E- - R févograb}e compared to the Ezggé;oﬁe (209a) by the conformation

: o factor because(tﬁé'stefiéﬁ}aétor }s estimated-to b; ;eérly equal
f : u\%%, in both conformers;‘ This-lattgr poiﬁt éongéfning the steric
R approach factgf‘doés not sound unréasonahié provided that both
axigl and eqpatoriél proton approaches?iiz energ&tically si;ilar.
- co 'Tbelcqnformationhirfactor is itself’§ery difficult to assess, and

the assumption that the cis-ring structure is more stable-than

the tranéjone in the system (i.e. (209a) S (209b)) is not, to

our best knowledge, as persuagive‘as.theyﬂgéserted; for instance

- RERTTTT WY
£

e e it 'is known that trahslg—methyldeqalin is more stable in energy e

by ca. 1 Kcal/mole than ci5—9—methy1decalin.113

\ L4
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In one exberiment,‘the ester (191) was reduced with lithium-
ammonia to give é miiﬁure of the Eig;xénd trans- aléohPIS, 195
and (207), as. judged by nmr. Alfhough this experiment has not
been'repeatcd, it is at least suggestive that the conformer (208a)

in the form of either ester or hydromeefhyl anion (-CH,-0") at

& , , 2
the angular position is as favourable as the conformer (208b), thus

yielding’a mixture of alcohols upon protonation. For these

. reasons, we are not entirely injagreement with Thompson’s explana-
.. . s }

¥ tion109 and are inclined to p}opose that conformers (208a) and

.

) /é {208b) are equaily stable or the relative stabilities of both

conformers are noy as distinctly different as to be decisive in
leading to preference of one conformer over the other. Thus one -

may imagine that the steric factor outweighs the conformatienal’ '

t

g - factor in our system since the approach of a proton donor to the

anion in the conforméti;n (208b). can avoid 1,3-diaxial intexactioﬁ -
provided by‘ong-of the geminal methyl gfoups and écco;dingln’

the formation of the.gig}isomer will be favoured. However, this
.ratienalization cannot be extended to éxplain Thompson’s results
because both (209a) and (_922) have no gem- d1methy1 group. ) A

.. ‘Therefore it is apparent that we cannot make any commitments

-

o on the factors dec1d1ng t%g stereochemical course of the reduction

.

but we feel that {he‘carboxylic‘acid function present in our system
'« - System aé welllas Thompson’s might play an importaﬁi role, that is;A‘
“it e1ther contr;butes to stab111ze 51gn1f1cant1y conformers (gggg) -
and“QJyﬂy relative to (208a) and (_Qgg) or assists in the

) approach of the proton donor from its side of the molecules. , ‘ g

N
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Contrary to our opinion, Ghatak and. cowotkers 1 have reported
| . .
that in the lithium-ammonia reduction of the unsaturated carboxylic

acid (210), the electronic repulsion of the carboxylic acid anion
- . tany
and the anionic centre destabilizes the energy state of conformer

(210a) in which both anions are placed in a cis-relationship and

as a result conformer (210b) is favoured. Should this be the cése,

confgrmers (208b) and (209b) would evidently be disfavoured. 1In vies

+

of our results as.well as Thompson’s, we cannot agree that
i . .

Ghatak’s view is‘ﬁbnetall} applicable.

L 4 ", o

In connection with the role’of a carboxyl substituent during

11

the reduction, McMurry and coworkers > have recently reported

very interesting observations on the Birch reduction of

)

H IS
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."9-methy1—l—carboxyﬁﬁg—S—océalone (21dy. They havé revealed that
thlé the Birch reduct;on under anhydrous conditions follows
. 'ﬁormal eﬁurse to give exclusively ihe trans-product (212), in the
’ vpre;encé of watér the gié—product (213) pfedominates (cis/trans,
75:25) in the reduction mixture (Scheme 4}). In order ;o explain
this étriking result, tﬂey havé suggested that the inteimediatg- .
carbanion (214) is prétonated from the f-face by water molecule
confined in the solvént sheli of the ggoriented lithium
L _ carboxylate g;ouping.. This rationalization s;ems to ho%@‘in our 
case, and hence itjié quite likely thag the carbox}l groupiﬁg
"would probably assist or direct the approach of a proton denor , ’ E
from itg side of the reducibie molecule by virtue of some kind
-of attraé{ive interaction between the acid function‘and the

“ T ) ’ .' . '
proton donor, , ) o . <

<

-7 , v - Scheme 41 C

W o /0-8

Li H

H. Pd/C-

_L"/NHB/) -0 : )

anhydrous H )
A Li-NH3.

3 | (2L H?_\O)
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In conclusion, the question on the role of the dngulFr

\
carboxylic aci roup has not been full) answered, and th;s

J k

‘. * . question would hopefully be answered if the behaviour of molecules o
- ' B 4 “ ‘ . ’
“such as (196), (198) or (215) in lithium-liquid ammonia ‘were , (‘
B to be studied. These studies are currently being continued by v
X . . . . O

~

. Mr. D. Moir in our laboratories.

=

With both alcohols (195) and (207) in hand, ‘we next turned
| ' -
our attention to the conversion of the angular hydroxymethyl.

[
>

{groug into a methyl group. This tagi'was not so easy-as it would
- appear because the hydroxyl group to be removed is qf the g
neopentyiltype. Therefore, in a similar fashion to the conversion,

- o .(165)»(168) (scheme 30),..the trans-tricyclic alcohol (195) was |

oxidized to the correspohding aldehydq (216) by Corey 6xidation.

°

S

(97%). Aldehyde (216) was then subjected to Wolff-Kishner

° ) j‘ reduction. During the reduction the consistent g%ﬁmatioﬁ of a

-

_ side product which proved to be a phenol ( 17) on the ba51s of

’ its spectral/jata was notlced besides the expected reductlon product

(218) Th1s\seemgng1y unusual observation has been conflrmed by

\ r

‘an ear11er report\1n>wh1ch the cleavége of C-0 bend in | ‘ \\\\,

4 y
I

2
o
i ) .
I s o, A RO 5 5
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v

a phenyl ether under drastic conditions 51m11ar to those used in

. ) l‘\ ©  the preseént Wolff-Kishner reduction was described. 116 :
» e , »
R SR / - Consequently, a crude mixture of hydrocarbon (218) and phenol] .
a
' Q. . (217)was treated with methyl iodide$jn the presence of sodium
SN L .

hydride at room temperaturc,117 and this remethylation procedure
‘e : afforded the hydrocarbon (218) as the sole product in 85% yield
(overall yield 73% from (195)). Scheme 42 outlines the conversion, ’

- 7
of (195) to (218). Likewise in the cis~series algohol .(207) was

P

transformed into, the corresponding hydrocarbon (182).by way of the

intermediate aldehyde (219) (overall yield‘from'(207); 73%). This

»’ ’ N .
~ sequence is also shown in Scheme 43 (p. 106). '

Hav1ng thus g%talned both hydrocarbons (182) .and (218),.1t

&

" became possible to compare their spectroscoplc propertles Among

3 them C nmr spectra of theSe compounds were undoubtedly the most

3 ! . ¢

useful in assigning the stereochemistry at the ring junction.

Thus, 13C nmr peak due to the angular methyl group of the hydro-

'

carbon (182) appears at 27.5 ppm, beimg strongiy indicative of
the cis-nature Of its ring junction. - The corresponding signal

N for the other hydrocdrbon (218) is located at 15.2 ppm and this

< - p "

‘can be assigned as being due to the angular methyl group of a
?

decalln system bear1ng a trans-ring fusion (for the attempted ' C

r ) complete assignments of the signals; see,APPENDIX 1V p.16&.and

for some discussion refer to pp. 71~ 73) Th 13C nnr data for ’

these hydrocarbons have thus conv1nced us that compOund (182) has

the’ c1s rlng Xpnct;on and its counterpart '(218) is trans-fused,
[ '\
and hence our a551gnments for the, stereoehemlstry -of the parent

o . N alcohols (195) and (2 07) are correct. | . // : :

&




NS

106

S c:h‘eme 42

207)

(

©oE e

(182)



e -

e, e -

AT L higen w0 S W SRR

-were undertaken, It was gvident that one could modify a methoxy

., light of the known mechanism for Birch reduction ",

¢+ involving a methoxy aromatic ring can be written as follows

studies on the synthetic pathway towards the key synthéh (144)-

S o \ | 107
. ’ %

t

Vb

Since the initial synthetic objective (182) was cofdstructed - .

quite efficiently (overall yield from (151);\39%), preliminary

1

o

LIS

aromatiC ring to a enone system by Birch reduction, however
apparently the. enone system thus produced would not be transformed
to the angular-substituted enone such as that in (144). In the

118 the’ reduction

- {Scheme 43). - ) .

‘Scheme 43 = , .

2 L e HH HH
. _ . + .
© CH30 . CH30 CH30  CHaQ
p B 4 -t - . L 3 e
o+ ’ -
HI
-——_ﬁ E ‘. .

'
- 0

\‘?‘ 1

It is well known that the reduction of anisole gives the

intermediate';fﬂduct (2,S—diﬁydroanisole) which upon mild

v

.M M ¥ 4
(P . . .
] - . . -
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- of the Simmons-Smith reagént.' Cleavage of the ol-cyclopropane

OB R,

HosS

. i ¥
hydrolysis is converted to a #,}-enone dnd -further acid treatment
ar .

. . ) 119 o
isomerizes it to a d,@—enone. ~ "

In 1965 the Syntex groupl?o, as a part of their exhaustive

synthetic studies of steroids, developed a unique method to

construct the A ring portion of 10d-androst-4-en-3-ones which is v

identical with that of (144). Their synthesis was critically
dependent upon the isolation of the intermediate B,{-enone system )

- obtained by the Birch reduction ‘and stereochemically controlled

Slmmons Smith methylenat1on75
Iy

~o

3-hydroxyl group provides stereochemical control in the addition .

" As illustrated in Scheme 44, the

with base (t-butoxide-dimethyl sulphoxide) leads to 10%-androst-

N

4-en-3-one analogs.

Scheme 44

% -
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Based on this strategy and following a recent report by
. * 121 \ | gu
Wiesner and coworkers hydrocarbon (182) was reduced in
lithium-liquid ammonia to an intermediate product (probably (220))
which upon mild acid~treatment (oxalic acid, ethanol) gave the
expected f»§ -enone (221) ina yield of 89% (Scheme 45).

.

-

écﬁeme 45 -

If the Simmowi;ﬁﬁith methylenation of (221) and the following
manipulations as outlined in Scheme 44 proceed precisely according
to our plan, qompounde(Zél) should be convertible to the important

tricyclic synthon (144) for our triterpene synthesis.

*Additionally, it is notable that the antex group119 3155 reported

the transformation of the W -cyclopropane steroidal diacétate (222)

into (223) by the sequenée involving bromination, debromination

‘(lithium' Carbonate, dimethylformamide ) and oxidation (Scheme 46).

-

L
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|'Vthe possibility of compound (221) being convertible '(224)

&

which can be,consideredeas a potential synthon that might be

correlated tog-amyrin (74). Therefore, these considerations have

<t PR 21, L P v w
B
.

led us to conclude that compound (221) would be a valuable synthon

for the synthetic entry to such triterpenes as friedelin (77), = ./

A-amyrin (74) and related species. Scheme 47 manifests the
relationships between the symthetic intermediates. and the natural

products.

Bl g R
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Summary of, the Synthetic Routes Described in this Thesis
’ ; ]* . [N
- ]
PART 1
Clerodane Route ° , .

/
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o . CONCLUSION Yo
AL ) e e——
Explpratory investigations on the Saucy routes have resulted
in the synthesis of a novel synthon (QZ).that.can be applied to
the synthesis of several- trans-clerodanes. ’
]
. ~
) % : T
e, S . Between the two routes sought in order to synthesiie the key
"CUE r1ng 1ntermedlate (144),. the bicyclic approach startlng with
the cis- octalone ( 62) has proved not to be very promlslng because
of the dlfflcultles .encountered’at the alkylatlon stage on the C 1
S -
- of the molecule, thereby preventing its further use at this ‘stage
[ . B -
of our studies. ' o <.
\
' (1449) - - (le2) . Lo
. ) . . ) '
By contrast, the tricyclic ketone (221) which was.made :
- =1

available quité efficiently‘has poténtial value in our synthetic
N N . . i _




i

\

- ‘

plans for 'the pen

tacyclic triterpenes. - "

~ .
v .
- o

X
S

\ . ) : . ‘ , | - -

- -~ .‘ . L ° - '

, {221) . . ‘ I
. - .:'N . ’
. - Additionally, during our irlvestigations it has been =
illustrated that the ‘1-‘3(1 chemical shifts of the angular methyl
- group in decalones -and tricyclic compounds are intrinsically
M s useful in.determiniing the stereochemical nature of the ring . -
. 2] . " s .
) junction. , ’ )
4 - . . : .
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AfLanratory, Ann Arbor, -Michigan.

. - - -

_ EXPERIMENTAL . )

< .

General: All melting points were taken on a Fisher-Johns
apparatus and are uncorrected. Boiling points are not corrected.

,Infrared spectra were recorded on a Perkin-Elmer Model 237B

<

Infrared §;!ctromeier, ultraviolet §pectré on a Pe:kin—Elmeru2d2
ﬁ%traviolgt—visible Spectrophotometer. Mass spectra werg.obtained
on an AEl MS12 instrument at Trent University. Nuclear magnetic -
resonance spectra were measured on a Varian T-60 (Carleton |
LUniversity) or Varian HA-100 (University of Ottawa), using

tetramethylsilane as an intefnal standard. Chemical shifts are

éxpreséed in the'§scale with the following designations; s, singlet

-d, Houblet; t, triplet; m, multiplet; br, broadened.

Combustion analyses were performed by Spang Microanalytical ,

P

All reactions and chromatograms were routinely monitored by

° -

thin—laygf ;£¥6matoéraphy tTLC) (Merck 60 .PF-254 plates, 0.25 mm),
-using 1:5 hexane-e£hy1 acetate és eluent. Spots Qére developed

by e#posing to iodinge vapour. P;eparative thin-layer chroma;q—
“g?éphy was carried out on Merck 60 F-254 preéoated silica gel

ﬁlages‘of 2.0 mm thickness. " Bands were visualized by viewing

aQ

under an ultraviolet source. silica gel (Davison Chemical Co.,
" ' ' - S .
' grade 923, 100-200 mesh) was used for column chromatography.

Y

The term "dry benzene" and "dry toluene' refer to benzene
or toluene which was distilled and stored over sodium.yi“

"Dry tetrahydrofuran" was obtained by distillation from lithium,
. s . \ .

aluminium'hydride. "Anhydrous ether' was available'frbmz S

4/’?$t

P
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A

L

.Mallinckrodt Canada Ltd.. Pétroleum ethér fefers‘to the fraction
boiling at 30;6b°. | ’

QPlcss otherwise sbeéified, "working;up” procedure means ;
.extraction of the reaction mixture with ether (x3), wéshing‘of the
extr;cts wi£h'Qater (x3) and with brine {(x1), drying of the

organic phase over anhydrous magnesium sulphate or sodium sulphate,

filtration, and evaporation of the solvents at 40-50° in vacuo.

‘Ethyl 2-Acetylpentanedioate (45). Sodium (6 g, 0.26

mol) was dissolved in 150 ml of absolute ethanol and to-this was

v

-added 660 g (5.1 mol)- of "ethyl acetoacetate. Ethyl acrylate

(SOO‘g, 0.56 mol) was then added to the solution under reflux.

-

. { :
. The resulting mixturé was refluxed overnight, when the orange-
colouredﬁmfx;ur% was cooled and poured into 500 ml of dil. (10N)
‘ _ ; . S
sulphuric acid solution. The organic phase was separated and

" washed with water (x5) and dried over anhydrous~sodium sulphate.

Concentration and distillation under reduced pressure gave 709 g
- (62%) of (45) as a yellow oil: bp 100-115°/1.0 mm (1it.35 91-95°

- /0.05 mm); ir (neat) 1735 (ester) and 1710 c:m—1 (carbonyl);‘nmr
(cC1,) & 1.23, 1.27 (two t, each 3H, J=7Hz, -O-CH,-CH,), 1.93-2.44

(m, 4H, C-2 and C-3 H), 2.16 (s, 3H, C-6 H), 3.44 (t, 1H, J=7Hz,

C-4 H), and 4.07, 4.13 (two t, each 3H, J=7Hz, ‘O‘EEQ‘CH3)~

*+ ¥

5-Oxohexanoic Acid (46). Folldﬁing Korte’s procedu}ess,

ester (45) (709 g, 3.08 mol)ﬁ%as refluxed in 1.5 1 of water and

Lc 150 ml of conc. sulphuric acid overnight. During reflux the

o

ethanol formed'was distilled off through a distillation head.

¢

“ “

-]

3

o
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° o . Upon cooling, ammonium sulphate was added to salt out the orgénic
substance. The organic material was éxtraétcd with ether (x3),
washed with water (xS),ys;turated sodium bicarbonate solution and

- brine, and dried over anhydrous sodium sulphate. Evaporation of
the ‘solvent gave an oil which was distilled to separate 314 g

(78%) of the ketoacid (46) at reduced pressure: bp 126-130°/1.0

- . . mm (lit.35 957/0.01.mm); ir (neat) 3400-2900 (broad, carboxylic
1 &

acid) and 1710 cm ~ (broad, carbonyl and carboxylic Acid); nmr

(CDC1,) 6 1.67-2.68 (m, 6H, C-2, C-3, and C-4 H), 2.13 (s, 3H,

3?
c-6 H)}, and 11.3 (s, 1H, acid proton).

-
-

6-Methyloxacyclohexan-2-one (44). To a solution of 314 g

(2.41 mol) of the ketoacid (46) in 1.5 1 of water containing
‘ EN
240 g (2.4 mol) of sodium bicarbonate was added 46 g (1.2 mol) of

-~ sodium ﬂorohydride portionwise at 0°. The resulting solution was
. ‘stirred at room temperature overnight and then acidified with dil.
- (3N) hydrochleric acid solution. Stirring was further continued

J{:,fﬂ\\‘%x\,‘; or 4 hr, and the reaction mixture was saturated with Sodium
,cy}oride. The usual work-up,'followed by vacuum distillation
“-afforded 99.6 g (36%) of the lactore (44) as a colourless oil

which solidified upén refrigeration: bp 76-78°/0.5 mm (iit.35 -t '

59-60°/0.01 mm); ir (neat) 1720 cm™ ) (lactone); nmr (CC1,) § 1.33

A Y

< . (d, 3H, J=7Hz, C-6 CH;) and 4.10-4.60 (m; 1H, C-6 H).

LY

Ethyln2—(2—cyanoethyi)-3-oxobutanoate(ﬁlghis compound was

. " prepared according to the method of,}\lbertson122 . To a solution

~ of 15'g (0.65 mol) -of sodium in 800 ml-of absolute ethanol was

. £y .
a
B 5
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t
Q

added 1230 g (9.45 mol) of ethyl acctoacetaté'dropwise, With

- stirring 500 g (9.45 ﬁof) of acrylonitrile was then added over’

K}

'a period of 4 h, and the reaction mixture was refluxed for a

~

b » '

further 4 h. Upon cooling, the mixture was poured into 500 ml of
dil. (1O0N) sulphuric acid solution. The organic phase was sgpa-

rated and washed with water (x5). After drying over anhydrous

sodium sulphate the organic material was concentrated and \
distilled under reduced pressure to afford 551 g (32%) of the

122

nitrile (47): bp 105-140°/2.0.mm (lit. %% 121°/2 mm); ir (neat)

1735 (esfer) and 1710 cm—1 (carbonyl); nmr (CC14)8 1.28 (t, 3H,

J=7Hz, -CO0-CH,~CH,), 2.00-2.56 (m, 4H, C-2 and C-3 H); 2.23 (s, 3H.

2
3H, C-6 H), 3.52 (t, 1H, J=7Hz, C-4 H), and 4.17 (q, 2H, J=7Hz,
kol

-V -coo-cH,-cHy) .

&

5-Oxohexanenitrile (48). Sodium carbonate (600 g, 5.6 mol) .,

and the ketonitrile (47) (551 g, 3.02 mol) in 3 1 of water were
o . ' . N
refluxed overnight. . Upon cooling, ammonium‘sulphateawas added to

‘salt out- the organic substance. Extraction with ether (x3) and

the normal work-up left a yellow oil which was distilled under

reduced pressure to separate 156 g (47%) of the title nitrile
"122

(48): bp 75-80°/1 mm (1it. 86.5°/5.2 mm); ir (neat) 2253’
(nitrile),and 1712 c:m-1 (carbonyl); nmr (CC14) §1.67-2.73 (m, .6H

© C-2, C-3, and C-4 CH)) and 2.13 (s, 3H, C-6 HY'

'5-Hydroxyhexanenitrile (49). To a solution of 156 g (1.40
mol) .of the ketonitrile (48) in 400 ml of water containing 3 g of

sodium hydroxide was added 26 g (0.67 mol) of sodium borohydride.

<




XJ - :
portionwise at ice-bath temperature. AddiFion was continued err
a period of 1 h and the mixture was §tirred overnight at room
"temperature.‘ The solution was then'acidified with dil. (3N)
hydrochloric acid solution and stirred for 3 h., Solid ammonium
gulphate was added to salt eut the organic substance- Afte;.the
" normal work-up and vacuum distillation there was obtained 143 g‘
’ (90%)-of the hydroxynitrile as a Qiscous oil which solidified
_upon ref;iger;tioﬂ: bp 120-135°/1 mm; ir (neat) 3230 (hjdrogyl)
and 2270 en”! (cyano); nar (CC1) § 1.27 (d, 3H, J=THz, C-6 H)
and 3.86 (sex, H, J=7Hz, C-5 H). ‘
- The hydroxfnjtrile (49) (143 g, 1i26>m01) wés added .dropwise
to 500 mllof 10% aduEEB;'sodidm hydroxide solution under reflux.
Reflux was fgrther continued for 3 h and the solption wag stirred
. at room temperature o;ernight. The reaction mixture was acidified
wi;h dil. {6N) sulphuric acia solution and the fo}léwing work-up .

.wgave 37.9 g (28%) of the lactone(44) after wacuum distillation.

7-Hydro§y;1—oct ~3-one (41). _Vinylmagnesium bromide in, .

tetrabydrofurdh was &fepared ac¢o§ding to the method of LT

D. Senyrthlzéf Thus,\magnesium turnings (12.2 g, 0.53 g atoms)
¥ ’ . - ' 4

» were placed in a flask amd dry THF was added to cover the

magnesium. About 5 ml of vinyl bromidé,ﬁhs added -to the flask.

R -

After the exothermic reaction had started, 300 .ml of dry THF was

added. Then, vinyl bromide (51.5 g, 0.48 mol) diluted with 100 ml

.

of THF was added dropwise at such a rate that gentle reflux was

Lo

maintained. Upbn complefion of addition the.solufioQ;was further
refluxed for 30 min. The Grignard solution thuS‘prepéred was

o ‘ _ . ,

<
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| .
cooled to -90° (dry icerether bath), then a solution of 54.5 g.

’

& (0.484&01) of (44) in-100 ml of THF was addgd’during 30 min.
The solutign was stirred for another 30 min at -90° and allowed -
to warm to room temperature. GThe resulting solutién was quenched
by adding saturdted ammonium chloride solution and e#tratted with
“E;her«(xS). Drying over anhydrous ssdium sulphate and evaporation

" of the solvent gave crude (41) as a yellow oil (61.2 g, 90%).

[N

A sample was distilled to afford a colourless oilf bp 100-110°/

- 12
1.0 mm; ir (neat) 3400 (hydroxyl) and 1690 (carbonyl)guv, ' -

' -

' (CH,OH) -210 nm (e= 5200); nmr (CDCl;) & 1.20 and 1.37 (d, 3H, J=7Hz

3)
C-8 H), 3.54-3.94 and 4.13-4.56 (m, 1H, C-7 H), and 4.93-6.36

(m, 3H, vinyl ﬁrotons); ms m/e (relative intensity) 142 (M+,9),

)

T 115 (12), 83 (100), 70 (24), 55 (65).

-
8

‘ . . 3,6ad—Dimethy1-1,2,3,5,6,6a,9—heptahydronaph(ho[2,1—5]-
<" ) pyra;—ZLSHO-one (36). The procedu;e»of G. Saucy and coworkers34
s v ~ >

.was.fbllowed. ‘A mixture of crude (41) (6.00 g, 42.0 mmol),
2—methy1;yc19hexb$e~1,j—dione (42) (4.75 g, 37.6 mmol), toluene
(126 ml), and ac;tic acid (50 ml, distilled over phosphorus
pentoxide) was refluxed under nitrogen for ﬁ-h, dufing.which time
"the water formed was reﬁoﬁed by a Dean-Stark trap. The reaction
mixture was éo&led, tritur#tea with benzene and the:crystals'
were filtered, ané Qashed with benzene. S . ' i
. © 2-Methylcyclohexane-1,3-dione (1.2% £, 10.1 mmol) was recovered. o
‘Thé combined filtra;ps‘wiii washed with water (*3) and saturaied

sodium bicarbonate solution (xi’a), dried over.ydrous sodium

. *  sulphate and concentrated in vacuo. The residue (brown crystals)
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- (5?63 g) were chromatographed on aluminium oxide (Woelm.neutral

et gfhde I) Elution with hexane and hexane-10% ethyl acetate

@

afforded 4.14 g (43ﬁ, 65% bascd on the unrecoverd dion@.) of 'yellow

qrystalllne (39). ‘Recrystallization of a small quantlty of this -

material from hexane ethyl acetate (3: 1) gave an analytical sample
of (36) as yellow needles: mp 109—112 ; ir (KBr) 1729 apd 1113;,,
~‘,cm'1 (carbonyl), and 1643 en”} (digne); uv, (C,H OH) 254 m’

\ o
Ne = 7000), nmr (CDC1,) § 1.20 (s, 34, C-6a CH ), 1.28 (d .'SH

.! = Q?Z, C 3 CHS),_3.84 (m, 1H, §-3 H),—;nd 5.44 (t lH Cc-10 H)
Anal. Calcd for C15H2002 C, 77.55; H, 8.68,
Found : C,77.61; H, 8.65.

~

3,6ad-Dimethyl-1,2,3,5,6,6a,9,10,10a8-nonahydronaphtho (2, 1-5) -

pyran-7 (8H)-one (56). A solution of 300 mg (1.26 mmol) of (36)

in toluene (30 ml) was hYdrogenated-at room temperature using

10% Pd/C catalyst (30 mg). The uptake of hydrogen (ca. 30 ml)
stopped aft;r 1} h. ’The @atalyst was removed by filtration thréugh
a pad of Celite, washed with toluene_an& the comﬁined filtra;es
were evapdratéd under reéuced pressure to give 276 mg (dl%) of

yellowish crystalline (§§).' A sample was recrystallized from

A
: , ~ hexane-petroleum ether (1:1) to afford an  analytical sample-
( . mp 71-73°; ir (KBr) 1736, 1712 (carbonyl) and 1674 em 1 (enol ether)
/ . . mr (CDC13) §1.14 (s, 34, C-6a cﬁs), 1.26 (d, 3H, C-3
 \ CH3), and 3.76 (m,iH‘, C-3 H); ms m/e {(relative intengityl

234 (M7, 100), 219 (62), and 163 (42).

1522°2°
Found : C, 76.87; H, 9.45.

Anal. Calcd.for C..H,,0,: C, 76.88; H, 9.46.
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4a-Hyroxy-3,6ak-dimethyl -1,2,3,4a,5,6,6a,9,10,10a8,10b-

undégahydronaghtho[?,l-g -pyran-7 (8H) -one (§Z).

Accoraing to the published‘procedure34, a solution ofﬁcrude
(56) (4.42 g, 18.5 mmol) in S0 ml of acetone and 20 ml of 1N
sulphuric acid was stirred at Toom temperature overnight.
The solution wés diluted with brine and extracted with ether (x3).
Tﬁe ether extract was wgshed with water ﬁxZ), saturated sodium
bicérbonate solution (x2) and brime. Drying over anhydrous

2§é}6§ sulphate.and concentration undef reduced pressure gave

4.43 g of crude (57) as a yellow o0il. 'This oil was chromatogra-

" phed on alumihium oxide (Woelm neutrai grade 2) Elutlon w1th

hexane- ether (1:1) gave 3.76 g (80%) of the hemiketal (__) as

e
-
V

crystals with a yellow tinge.” Recrysta1P1zat10n of the material

I

- )
from hexane afforded colourless crystalﬂ: mp 120-121°; ir (KBr)~

3430 (hydroxy) and 1700 cm-1 (cérbonyl);%qmr (CDC13) § 1.09
! .

I'4 !
(d, 3H, J=6Hz, C-3 CHy), 1.13 (s, 3H, C-pa CHy), and 4.04 (m, 1H,
C-3 H); ms m/e (relatlve 1nten51ty) 25?‘(M+ 100), 234 (39}, and

180 (47). | \\
|

Anal. Calcd. for C15H2303 C, 71.39; H,‘QESP. ¢

Found : C, 71.37; H, 9.63.

v

Sad—Methyl-S-(3*;6xobqty1)—3,4,4@#,7,8,8a-hexahydronaphthalene~ i

1,6(2H, SH)-dione (58)." To a solution of crude (57). (4.0 g,

16 mmol) in 150 ml of acetone was added a solution of chromium

trioxide (8.0 g, 80 mmol) in 50 ml of 6N- sulphurlc acid dropw1se .

" at 0°. The mlxture was stirred at 0° for 3 h and supernatant

solution was decanted from the black mass.. This was diluted with




i ‘. * X '
N brine and the organic substance wags extracted with ether (x3).
The ether extract was washed with water (x2), saturated sodium

/ . o ’ S

"bicarbonate (x2), and brine. The orgapic phase was dried over

anhydrous sodium sulphate, and evaporatéq to give crude (58) as a
~yellow yisc0us oil (5.36 g, 59%). This éil‘was purified by
-preparative tlc (hexang-ethyl_acetate (3:1)) aAA recr?étallized.

from hexane-ethyl acefate (4:1) to afford a sampie of th; triketone

124, mp 86°);

(58) as needles yith a yellow tinge: mp 79-82° (1it.

ir (KBr) 1700 cm™} (carbonyl); nmr (COC1y) & 1.37 (s, 3H, C-8a CHy)
and 2.13 (s, 3H, C'-4 H); ms @/e (reiative intensity) 256 (M+,
100), 245 (54), 175 (73), 137(38), 124((35), and 55 (51).

10ad-Methy1¥3 4 4aﬁzdbd,5,9,10,IOa—octahydropﬁenénthnene-

1,7(2H, 6H) -dione (__)

' - N
(a) A mixture of crude (58) (1.05 g, 4.85 mmol), benzene

- (50 ml), and E;toluenesulphbnlc acid (200 mg) was refluxed for 4 h‘
under a”stream of nitrogen. The solution’ was cooled,Nwashéd with
brine (x2) and drieaf(anhydrousnsodium-sulphate). Removal of

'»sélvent at reduced pressure gave 0.92 g of brown o0il, which ;as
chromatographed.on silica gel. Elutlon with hexane ether (1:2)
afforded an oily fractlon (243 mg) which ha a uv x“(CZ 5OH) at

240 nm and showed two broad absorptions in ir at 1710 and 1665
cmfl. This fraction was not-homogeneous on tlc but appeafed as
two closely located spots. Attempts to purify‘;his'material by

f : aksecond column chromatography falled ‘

L

. © (b) To a solution of 1. 7 g (6.8 mmol) of crude (58) in 50 ml ’

v
o

.of methanol (distilled over~Dr1er1te) was added 0.3 g (5.4 ‘mmol)

- Ve -

- A
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of potassium hydroxide pellets. The resulting red solution was
refluxed for 2 h under nitrogen. Upon cooling, the solution was

diluted with benzene (%00 ml). The benzene solution was washed

“with water (x3), dil.'hydrochlofic acid (3N) and brine. Drying

over sodium sulphate and removal of the solvent gave 1.54 g of

~
an oil which was then chromatographed on silica gel. Elution with

dichloromethane afforded 309 mg (25%) of yellow crystalline’ (59).

Recrystallization of this material from hexane-henzeme yielded a

sample of (59) as.yellow plates: mp 120-122° (lit.;()a

120°,
.. 36b oy . : . -1 ‘ ..
1it. 125°); ir (KBr) 1712 (carbonyl) and 1688 cm ( enone );

*

W (czuson)( 240 nm (g =26000); nmr (cbles) §1.28 (s, W,
C-lOa‘CHs) and 5.86 (s, ;H}quS'H); ms m/e Crelatiye inxénsitf)
232 (MY, 100), 176 (21), 149 (35), 148 ({4), and 110 (zsjf

On admixture with an authentic (i)—specim?n'df this substance
p;ovided by Proféssor S. Danishefsky, the ﬁelting“point wa;

04
undepressed.

N

7d-Hydroxy-3,6ad, 74-trimethyl-1,2,3,5,6,6a,7,8,9,10,10a8

undeéahydronaphtho [2,1-B] -pyran (60a) and 7@Hydroxy;3;jq£o(,7£(—
. N [3

‘ , \
trimethyl-1,2,3,5,6,6a,7,8,9,10,10a8-undecahydronaphtho [2,1-b} -

pyran (60b). Magnesium turnings (1.42 g, 59.3 mg atoms) were '\

placed in a flask and anhydrous ether was added to cover the .

magnesium. Methyl iodide (8.20 g, 5.82 mmol) diluted with 50 ml

- of anhydrous -ether was_added dropﬁiﬁe to the flask while maintain-

ing a gentle reflux. After addition was completed, the solution
was allowed to reflux for } h. The Grignard solution thus

repared was cogled to 0° and to this a solution of (56) (13.0 g,
prep

+
o 4




>,
-extracts were washed with water (x1), dil. (3N) hydrochloric

pressure gave an oily substance which was chromatographed on

>
(hexane-ZO%'ethyl acetate) of the above mixture separated (603)
. : o " -

125
Y
55.5 mmol) in 70 ml of anhydrous ether was added dropwise at 0*;——— 1

The mixture was furthey stirred at 0° for 3 h and the temperature

-

was raised to allow boiling), Reflhx was continued .for 1 h.

Upon cooling, the reaction mixture was quenched by adding satura-

ol

ted ammonium chloride. The\et\pr layer was separated and the e e ]

aqueous layer was extracted with ether (x2). - The combined ether ' .

aeid (x1). and brine. 'Evaporation of the solﬁ%nt under- reduced

-t

silica gel. Elution with hexane-10% ethyl acetate left 10.3 g

\_\\»"

(70%) of (6 Oa) and (60b) ‘as a yellow 0il. ~Preparative_ tle

and (60b) in a ratio of 60:40.* Bulb to bulb distillation of the
o 3 .
less polar substancé (Rf=0.59) at oil pump pressure furnished

(60a) as oily crystals: bp 70-90°/1.0 mm; ir (neat) 3450'(hydro-

- xyl) and 1678 cm ® (enol ether); nmr (CDC1;) § 0.92 (s, 3H, C-6a ;

B . » . y ~%
CH3)’ 1.13' (s, 3H, C-7.§H3), 1.27- (d, 3H, J=6Hz, C—3\CH3), and

3.83 (m; 1H, C-3 H); ms_m/ej(re}ative intensity). 250 Uﬂ*, 13),

232 (29), 217 (100), and 175 (19). A

) * The 3551gnment of the stereochemlstry of the C- 7 methyl
group as to whether it is axial (p) or equatorial (J) was made

. based on the observed- dlfference in chemical shift when both

isomers were-complexed with Eu(fod), in solution. Thus,.upon
addition of about 25 mg of the Shlf% reagent the C-6a methyl

group signal of (60a) experienced SHz downfield shift while the
same methyl in (60b) only moved 2Hz in chemical shift. These

results indicate that the hydroxyl grOup of (60a) is equatorial
(@), as a result the C-7 methyl group is ax1al ()] whereas the
C- 7 ‘mgthyl group in (60b) is equatorlal CNR

B |

o ae A mpbmantes - ae -
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" Similarly bulb to bulb distillation of the more polar -

v ';'

- substance (R -0.53)’at oil pump- pressure furnished (60b) as a

.yellow oil: bp 120 135 °/1.0 mm, ir (neat) 3450 (hydroxyl) and

1675 cm” ! (enalrether), nmr- (cnc13) § 0.97 (s 3H, C-6a CH,),

1.25 (s, 3H, C-7 CHy), 1.27 (d, 3H, J= 6Hz, (-3 CH 5)» and 3. 83
:,_4__*(m, IH'*C—S“H)}ﬂhs‘m/e (relative intensity) 250 (M ,100), 232 (20),
B SR ‘-b . s - )

SR 2 mmol).’in 20 ml of dry pyTldlnF_TalstIII d over potassium

- we

217 (48), 175 (16), and 151 (88). ) o
' P
%, 3,63d,7—Trimethyl-1,233,5,6,6&,9,10,10aﬂ-nonahydronaphtho-

[2 1- bJ -pyran (61).
(a)To a solution of the alcohols (60a) and (6 Ob) (300 mg,

—

—

e =

‘\hydrox1de ) was added 1 ml of thionyl chloride dropwise at0°.

The resulting brown mixture was dilutedswith water andsextracted

with ether (x3). The ether extract was washed with water (x2)},

11ﬂ'(3N)‘hydr0§hlo?ic acid (x3),‘then with water again (x2) and
brine. Removal df the solvent gave an oi? which showea at least
five spots on tlc (hexane-éthér). The nmr spectrum of this oil
displayed a small broad peak at around § 5.20 probably. due to a
olef1n1c proton

(b) A mixture of (60a) and (60b) , 8 ml of conE.‘Hydrochloric -
acid and 70 ml of methénél was fefluxed overnight. Upon cooling,
the reaction mixture was diluted with water. The:organic substance
was extracted with ether, washed with water and saturated sodium
‘ ‘ <

bicarbonate solution, and dried over sodium sulphate. Evaporation

.
“

of the solvent under reduced pressuré gave a yellowish oil

(5.52 g). This oil was chromatographed on silica gel. Elution
*




with hexane-5% ethyi cetate gave 2.27 é-(42%)‘0f the olefin (él)
as a colourless oil./ Bulb to bulb distillation of a small
quantity of (61) aff -ded a sample: bp 80-90°/1. mm; ir (néat)
*1676 cn” ' (enol ether) nmr (CDCLg) § 0.93 (s, 3H, C-6a CH,),
1.25 (d, 3, J=6Hz, C-3 GHy). 3.67 (m, 1H, C-3 B)jh;nd 5.30 (m,
C-8 1); ms m/e (relative intensity) 232 (uf, 100), 217 (58), 175

(23), 164 (50), 154 (36), and 108 (32).

4a-Hydroxy—3,6ad,7—trimethyl-1,2,3,4a,5,6,6a,9,10,10aﬂ,10b-

undecahydrohaphtho[Z.L&ﬂ»pyran (gg). Compound (61) (2.27 g, 9.78

mmol) was dlssolved in acetone (70 ml) and hydrated Hlth 30 ml of

a

dil. (1N) sulphurlc acid. After 20 h w1th st1rr1ng at room
temperature, brine was added: Organic material was extracted
with ether (x3) and the ether extract was washed with water (x2),

saturated sodium bicarbonate solution (x2), and brine. Drying over

.

=

sodium sulphate and ‘cgncentration in vaéuo gave 2.03 g (83%) of :

yellow crystalline (62). This material-was twice recrystallized

“bem‘hexaaeapeggglgum ether (1:1) to‘yield a sample of analytical-.

\t‘ . .
purity: mp 105-107°; ir (Nujol ) 3450 cm’ (hydroxyl), nﬁ‘3(c0c13)

§ 0.97 (s, 3, C-6a CHy), 1.27 (d, 3H, J=6Hz; C- 3 CH,), 3o (@
“IH, C-3 H), and 5.23 (m, 1H, C-8 H); ms m/e (relatlye 1nten51ty)

250" MT, 31), 232 (100), 207 (52), 140 (37),\and 108 (97)

Anal. Caled. for C, H,0,: C, 76.75;.H, 10.47. ’ \»T//f/f/ﬁ-)

16 '2622° |
Found : C, 76.62; H, 10.50.
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iag 7o-Benzyloxy-3, 6ad-dimethyl-1,2,3,5,6,6a,74,8,9, ,10,10ap-

»

Jo-Hydroxy-3,6ad~dimethyl-~1,2,3,5,6,6a,74,8,9,10,10a8-

undecahydronaphtho[Z,l-b]—pyran (63). A‘§61u§ion of (56) (550 mg,

. - .
2.4 mmol) in 30 ml of dry-tetrahydrofuran was added.to a slurry

of lithium aluminium hydride (100 mg, 2.6 mmol) in 30 ml of dry ‘

THF at 0° under nitrogen with stirring. The reaction mixture was

, stirred at 0° for 1 h and

ft overnight ‘with stirring at room
temberature. The. excess l'thium aluminiJﬁ hxdride Qas destroyed
by adding satd?ateavsodium ulphate solution:. The white precipi—
tate was removed by f11trat1 n through a pad ‘of Celite and washed’
wlth ether. .'The comblned fil\rates were dried ov?r anhydrous
sodiuﬁ sulphate. The solvent waj remoyed in vacuo to give 515 mg
of colourless oil, -which was ;ry§ allized from hexane-ether (3:1)
- to afford 303 mg (§4%) of the alcohoI™(§3) as colourless crystals.
Recrystallization from they;amq solvents yielded a samplelof
analytical pqrity; mp 96-98°; ir (KBr) 3400 (hydroxyl) and 1680
cn! (enol ether); nmr (CDC1,) & 0.82 (s, 3H, C-Ba CH,), 1.25 (d,.
3H, J=6Hz, C-3 CHj), 3.28 (doublet ofudoublets,IH;‘J1=iQHz
‘3 =SHz, C-7 H), and-3.74 (m,. 1, C-3 H). R

2

Anal. talcd for C15H2402 c 76.23; H, 10. 24 e

‘ — ' " Found . C; 76.26; H, 10.20.

. .
-3 . 1

L4
.

undecqpydronaphth [2,1-b] -pyran (__) lCrude alcohol (9;) (3.76 g,

+.215.5 mmol) in 40 ml of dry d1methy1formam1de (distilled under
gpcuum and stored over 4A molecular sieves) was added to a slurry

gibf 5 ¢ (0.2 mol) of sodium hydride in 100 ml of &ry tetrahydrofuran

S

* under reflux, After 2'h reflux, distilled benzyl chloride (2.75 g

IS
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- - 2.17 mrol) was added dropwise and reflu® was continued overnight.

L

! . . X .
Upog cooling, saturated aqueous sodium sulphate solution was
4

)

- \ )
cargfully added to the reaction mixture. The organic substance

v

was: extracted with ether and ‘ the extract was wasled with

hydrochloric hcid,(SN); water (x2) and brine. Drying over

N

\

. " anhydrous sodium sulphate and evaporation of the solvent ‘gave an

‘ 0il which was distilled-under reduced }ressure to afford 3.45 g

ir (neat)

. O, 1.22 (d, 3H, J= 6Hz Cc-3 cuz),,4.47 (q, 24, -0-CH -); and -
. /_/\ .

(68%) of the benzylrether (64) as an oil bp 120 130 /0 5 mm;

1670 cm (enol ether), nmr (CC14) g 1 20 (s 3H ‘C-6a

7.20 (s, S5H, aromatic protTﬁs);‘ms m/e\frelative intensity) 326

» +

~

(', 20), 235 (15), 193 (61), .and 91 (100)

’

s e
. - 4

e

Attempted Hydration-of (64). The above bénzyl ether (1.50 g,

a

4.63 mmol) in 50 ml of tetrahydrofuran and 20 ‘ml of 1IN sulphuric

" acid was stirred at room temperature for 3 days. The solution

. was diluted with brine and extracted with ether. The normal

LS

‘"work-up" gave 1.29 g of an 8il which was distilled under vacuum

! - to afford a viscous oil (bp 130-135°/0.5 mm). The spectral

material

properties of this o0il were identical with those of the starting

.y

Replacing the solvent from THF to acetone or acetone-

’THF did not produce any detectable amount of the hydrated

substance as' judged by the mass spectra of the resu1t1ng oils.

W,

N .o . © 2.2-Eth lenedithioi}r(3-hydroxz;9ty1)‘43d 5-dimethyl- 1 2,3,4, !

4a,7,8 8q§ octahydtenaphthalene (66) The procedure of Trost and

coworker537

was followed.: To a solution of 921 mg (3.69 mmol) of

129

.
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crude (62) and 752 mg (8.60 mmol) of 1,2-ethanedithiol in 30 ml of

-
-

dry toluene was added 150 mg (1.06 mmol) dfhboron trifluoride-

etherate with ice-cooling. The reactjon mixture was allowed to

stand in-a refrigerator for 4 days and then diluted with ether.

The solution was washed with saturated sodium carbonate solution

and brine, dried over anhydrous sodium sulphate, and evaporaied

under reduced pressure - The re51dual 0il was chromatographed on -
silica gel and elution with dichloromethane gave~774 mg (64%) of
crystalllne (66) . Recrystallization from d1chloromethane—hexane<

(1:1) gave a~§ample ofd(gg) as white plates for analysis:

_mp 93-94°; ir (Nujol ) 3350 cm' (hydroxyl); nmr (CDC1,) § 1.00

v

(s, 3H, C-4a cns); 1.23 (d, 3H, J=6Hz, G-3' CH;), 3.26 (s, 4H,
-S-CH,-CH,-S-), 3.94 (m, 1H, C-3' H), and 5.27 (m, 1H, C-6 H);
ms m/e. (relative inﬁensipy) 326 . (M, 28) and 131 (100).

Ana}. Calcd for C18H30520 ‘C, 66.20; H, 9.26; S, 19.64.

Found - : T, 66.29; H, 9.31; S, 19.70.

~

-

2 2~Et@zlenedithib—4al 5—dimethyb—l -(3—oxobutyl)-1,2,3,4 4aL

v,8 SaALoctahydronaphthalene D . To a solution of chromium

trioxide (400 mg, 4 mmol) in'20 ml of dry pyridine was added

320 mg (0.982 mmol) of (66) in 10 ml of dry pyridine. Stirring

- - was continued for 4 h at room temperature. The reaction mixture

. - ! . . -
was treated with methanol for 30 min and then diluted with water®

(30 m1). The organic sdbstance’was extracted with ethyl acetate,

and the eth®r extract was wasﬁéd.successively with dilf (3N)

“hydrochloric acid (x3), saturated sodium bicarbonate solution and:
3 - " - .

brine. Drying over magnesium sulphate followed by evaporation of .

o
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1

the solvent gave 273 mg of-an oily substance which was purified

.~ by preparative.tlc (hexane-ethyl acetate 4:1) to afford 146 mg
(46%) of crystalline (67), and 61 mg of recovered (gé).' L
Recﬂystallizgtioﬁ‘from hexane;petroleum ether (1:1) yielded ;
. ~° sample of ;nalytical purity as white prisms: mp 7]-7é°;~£r (KBr)
1717 en”} (carbonyl); nar (CDC1;) § 1,00 (s, 3H, c-4a'CH3); 2.13
(s, 3H, C-3" CHg), 3.23 (s, 4H, -S-CH,-CH,-5-), and 5.20 (m, 1H,
C-6 H). '
o Anal. Cated. for C gHygS,0: C, 66.61; H, 8.70; S, 19.76.
| IR Found  : C, 66.60; H, 8.69; §, 19.73.

2,5,5-Trimethylcyclohexane-1,3~dione (156). This compound

was prepared étcording tb"the procedure of Heqthcock‘and
cowo;kerssf. *A soiution‘containing 100 g (0.71 mol) of commercial
. dimedone (155), methyl iodide (190 g, 1.34 mol), and sodium hydroxide

in 1000 ml of wate;.refiuxed for 24 h. The mixture "was cooled to

<

p 2

0°, filtered and the resulting solid was air-dried.
Recrystalfizétio; from ethyl acetate gave 85.5 g of (}éé) as g
whit; ﬁolid, The moihef liquor fiem 1st recrystgllization was -
extracted with 10% sodium carbonate, and ac;dificationAof the

aqueous ‘extract with dil. (3N) hydrochloric acid gave another

i
%‘:
¢
f
i
3
£

crop of methyldimedone (156) (3.7 g,after recrystallization).

~

~ The combined yield of (156) was 89.2 g (82%): mp 160-161°"

(lit.®* 158-159").

¢

., '™ - .
2,5,5-Trimethylcyclohex-2-en-1-01 (157). To a solution of

~ . . A48.6.g (0.32 mol) of methyldimedone (156) in 400 ml of anhydrohs
-~ : . . . T

g
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et
“ether was added a solution of 12 g (0.32 mol) of lithium aluminium
hydride in 300 ml of ether dropwise. Stirring was continued at
foom‘temperature overnight. Excess lithium aluminium hydride was
decomposed by addlng 10% aqueous ammonium chloride 501ut10n

.r_/ i

"~ The resultlng granular SOlldS were f11tered through a pad of

Celite and filtrate was washed with brine and dried over anhydrous
. " .

. - ® ) ' '
magnesium sulphate. Ether was removed under reduced pressure ‘to .

L] " N " . ‘ ) N \‘
o give, 35 g (80%) of a colourless oil: _ir (neat) 3350 cm 1

G S

_'(hydroxyl);.nmrjwcc14)s,o.9o (s, 3H, C-5'CH5), 0.97 (s, 34, C-5

CHS)’ 1.73 (s, 3H, C-2 CHB)’ and 5.40 (m, 1H, C-3 H).

N

¢ N 2,5,5-Trimethylcyclohex-2-gn-1-one (158). A solution of 26 g

(0.087 mol) af sodium'dichromate, 20 ml of conc. édlphuric acid-;.

and 20 ml of glacial acetic acid. in 200 ml of water was cooled

g vve -

n

" ta 0°. To this was added a solution of 35.g (0.25 mol) of the

allyl alcohol (1 57) in 300 ml of benzene dropwise over a perlod
™~

of 2 h with stlrring.. St1rr1ng was continued at. room temperature \

e T
-

[~ ] 7"for a further 10 h. The benzene layer was separated and the R
aqueous layer was diluted w1th water and extracted with benzehe

- " The combined benzene extrects were washed with water (x2),

saturated sodium eicarbonate~eolutioh {x1) and brine, then dried

'over.anhydrous sodium s&lphete{ The solvent was removed under

reduced pressure to leeve a faintly yellow oil (é9.1 g, 83%):

ir (neat) 1679 en”? (carbpnylj; nmr‘(CCIQ) Y 1.07’ts,46H; gem-

_dimethyl), 2.20 (s, 3H, €;2 Gi,), and 6.75 (u, 14, C-3 H). - . IR

<




ketone (159): bp 70-72°/10 mm (lit.

£ "
. over magnesium sulphate and the solvent was evaporated at reduced,

- lation through a Vigreux column separated the starting ketone

" collected at 0.5 mm as a faintly yellow liquid (bp 60-75°, 15.0 g):

2,5,5-Trimethylcyclohexanone (159). The enone (158) (29.0 g,

0.é07 mol) was hydrogenated ovér 4 g of 10% Pd/C in 250 ml of
ethyl acetate. The mixture was filfered through Celite and the
solvent was removed under reduced pressgfe to'give.a :Llpurless \
oil’which was distilled to séparate 26.5‘g’(90%) of the title
77 75-80°/10 mm); it (neat) |
1712 cmfl (carbonyl); hmr (cc1a)8 0.87 (g, 3H, c-s'cus); 0.97
. '

(s, SH,.C-S CHS)’ and 1.00 (d, 3H, J=6Hz, C-2 CHS)'

. » . | g | o‘u

‘i;ﬁa,7,7-fetram;thy1-4,4a,5,6,7,8—hexahydron;phthalenﬂ2(3H)—

hJ

one (154). A mixture of 17.5 g (0.12 mol) of the ketone (159),

10.5 g (0.13 mol) of freshly distilléd ethyl vinyl ketone and

50 ml of benzene was cooled to 0°. Then the mixture was stirred

while 1.5 ml-ef conc. sulphuric acid was added dropwise, and
)

it was allowed to stand at-0° for 2°h.” The orange mixture was then

" stirred and second portions of gthyl‘viﬂyl ketone (5 ml) and
. . »

%ulphuric acid (O.Séml) were added. Aftér an aéditioﬂal 2 h, final-
portiogs of ethyi vinyl ketone (5 ml) and sﬁlphuric acid (0:5 mi) )
were mixed with the dark cqloured‘mixture. "Aftef standing for

two d;yscin a refrigerator, the reaction mixture was decanted from

the black polymer and‘boured into 200 ml of ethﬁ%. The polymer 'o.‘"

"

was rinsed with ether. The combined ether .solutions were dried
préssure to yield a lighi yellow 0il (25 g). Short-path distil-
. {

(159) (6.1 g) at water pump pressure (25 mm) and the product was
~&




-

A solution containing 1§\0 g of the aforementloned product

and sodlum ethoxide (3 g of sodium in 400 ml of absolute ethanol)

\).—

was heated at 40-50° for 2} h. The solution was stlrred under

‘nitrogen at room temperature overnight. The resultlng solution

was poured into water. The-a{ganlc substance was extracted with

i

“ether. Removal of ether under reduced pressure after drying

(magnesium sulphate) and distillation under vacuum yielded-

o

""11.9 g (48%) of the b1cyc11c bnonﬁa\ 154) as a colourless oil:

bp 120- 122 °/1.5 mm;.ir (neat) 1 ?Nc \4 (enone); nmr (CC14)8 0.83

(s, 3H, C-7 CH 1.07 (s, 3H, C- 7'tH ), 1.20 (s 3H, C-4a CHS),

5)s
and 1.70 (s, 3H, C-1 CH3); ms m/e/(relative intensity) 206‘(M+1

100), 191(78), 464 (57), 149 (61), 138 (70), 93 (48), 91((61),

*

and 79 (57).

1,4aB,7,7-Tetramethyl- 14,4a,5,6,7,8,8af-octahydronaphthalen-

2(3H)-one (153) or (162). The enone (154) (854 mg, 4.15 mmol)

in 50 ml of ethyl acetate was hydfogenated over 100 mg of 10%

Pd/C for 42 h. The palladium;carBén was filtered through Celite

and the ngv@nt was removed under redu ced-pressure to yield a

a

. colourless oil, which was chromatographed on silica gel. Elution

with hexane-ethyl acetate (iéﬁaﬁgave 793 mgA(gzg)‘of the title

.ketone. Recrystallization from hexane afforded a sample of

analytical pﬁrity as colourless nee@les: mp 78-79°; ir (KBr)
1716 cn” ! (carbonyl); nmr (CDC1,) § 0.89 (s, 3H, C-7 CH;); 0.90
(s, 3H, C-7 CHy), 0.93 (d, 3H, J=7Hz, C-1"CH,), and 1.28 (s, 3H,

C-4a CHS); ms m/e (relative intensity) 208 (M+; 100), 146 (59),

123 (68), 97 (50), 69 (50), and 55 (59).

5\
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2(3H)-one (163) or (168). 'A solution of 960 mg (4.66 mmol) of

135

Anal. Calcd.. for C14H240: -C, 80.71; H, 11.61. ‘ \ ' | -

Found : C, 80.80; H, 11.56.

-

1,4a4,7,7-Tetramethyl-1,4,4a,5,6,7,8,8ad-octahydronaphthalen-

- the enone (154) in dry ether was added drop@ise to lithium (1.5 g,

"~ was added and ammonia.was allowed to evaporate. Addition of water

~mp 61-62°; ir (KBr) 1712‘cm_-1 (carbonyl);  nmr (CDCls) s 0.87 (s, 3H

‘and 1.05 (s, 3H, C-4a CHS); ms m/e (relative intensity) 208-(M+;

66), 123 (18), 97 (41), 69 (54), 55 (77).

(645 mg, -3.00 mmol) and sodium acetate (272 mg, 2.00,mmol) jere '

210 mg atoms) in 100 ml of distilled liquid ammonia and the blue
solution was stirred for 30 min. An excess of ammonium chloride
followed by the normal wofk-up gave 830 mg of .crystals.
Recrystalljzatjon from aqueous methanol yielded 787 mg of the
title-ketone (82%). Another recrystallization fram the same

solvent gave a sample of analyticaljpurity as fine flakes:
3H, C-7 CHS);JE'QS (s, 3H, C=7 CHS), 0.95 (d, :3H, J=6Hz, C-1 CHS)’~

14724
~Found "~ : C, 80.71; H, 11.67.

1

~ Anal. Caled. for C. H, O : C, 80.71; H, 11.61.°

2-Ethylenedioxy-4ag-formyl-1,7,7-trimethyl-1,2,3,4,4a,5,6,7,.

8,8a0l-decahydronaphthalene (166). Pyridinium chlorochromate
: H *

suspended in 30 ml of dry methylene chloride, and the alcohol
{165)64 was rapidly added at room.temperature. The reaction

mixture was stirred. for 4 h and diluted with 'ether.., The solvent

&

was decanted and the black solid was Qashed/twice with ether.

. X |
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The combined ether solutions were passed through a Florisil column

uand évaporation of the solvents at reduced pressure afforded 476

mg (89%) of the aldechyde (166) ag3a yellow oil. Crystallization

of this oil from hexane gave a sample of (166) as white particles,

!

<~ mp 61-64°. Attempts to further purify this material failed: -

C-1CH

.(M¥-28, 24), 100 (45), 99 (100), and 86 (57).

ir (CC14) 1723 cm’ (aldehyde), nmr {(CDC1 ) & 0.83 (d, 3H, J=6Hz,
-y

0.92 (s, 6H, C-7 CHg), 3.93 (s, 4H, -0-CH,-CH,-0-), and

3)’ —2

11.3 (s, 1H, aldehyde protan); ms m/e (relative intensity) 238

-

-

_2-Ethylenedioxy-1,4ag,7,7-tetramethyl-1,2,3,4,4a,5,6,7,8, 8ad-

decahydronaphthalene (167) and 1,4a4,7,7-Tetramethyl-1,4,4a,5,6,7,

8,Sadloctahydronaphthalen;Z(SH)-one (168). A’solution containing
Sél mg (1.99 mmol) of the aldehyde (166), SO ml of |
diethyleneglycol, and. 990 mg (20 mmol) of hydrazine hydraté£(99%)
was warmed to»lOOo over a 1.h peridd. After cooling, 1.12 g‘
(20 mmol) bf potassium hydfoxide was added and tﬁe resulting g
mixture was\hpiled slowly w}th}concurrent-distlllation of water
for 2 h. keflhxiﬂg was continded for an additional 3 h.
The'ml%ture was then cooled, acidified with4dil. (3N) hydrochloric
acid and extracted with ether (xS), The ether extract was waéhed
with water and dried over magnesium sulphate;'and the solvent was
evaporated to-give 32§‘mg (64%) of a faiﬁtlx yellow oil: ir

s TN
ir (neat) 1715 cm (carbonyl), nmr (CCI/)S3 87 (s, ~0- CH -gggzg ).
This material which is cons1dered to be a mixture of (lgl) and

\

(168), 217 mé, was refluxed in 60 ml of acetone and 10 ml of

.. oxalic acid: solution (5%).for 3 h. Normal work-up- with ether

- . N -
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afforded 152 mg of the ketone (168) as white needles.
Recrystallization of this material from ‘aqueous methanol gave a

fﬁﬁéémple whoée)physical properties were identical with those of
.. ~ L (163).

. :

¢

Attempted Silyl-enolation of Ketone (162).

(a) 'The procedure of House and cdworkers125 was followed.
To a solution of 32.6 mg (0.29 mmol) of chlorotrimethylsilane
- ‘and 60.6 mg (0.66 mmol) of triethylamine in. 25 ml of dr}l
'dimetﬁylformamide was added 41.8 mg (0.21 mmol) of the cis-ketone
(;gg).A The rea;tion mixture,‘from wﬂich yellow solids separafed . N

‘immediately upon addition, was refluxed for 24 h. - After cooling,

£
-

the mixture was diluted with 100 ml of pentane, and washed with

e

, - " cold aqueous éodium bicarbonate solution. The pentane solution
was washed with portions of cold dil. hydrochloric acid (3N) and

cold aqueous sodium bicarbonate solution. The resulting pentane

. ¢

PR ante M

phase was dried over sodium sulphate and concentrated to give
. ‘ 4 . 39.5 mg ;f colourless oil. IR anq nmr spectra of this oil dia not -
show any differences from those of (lég)i
(b) The ketone (153) (0.26 mﬁo%)’was refluxed in 15 ml of dry - e,

glyme for 1 h, together with sodium hydride (30 mg,

60% dispersion). Upon cooling, triethylamine (30 mg, 0.30 mmol)

T e b B o S RN T

%nd chlorotrimethylsilane (30 mg, (.27 mmol) were added.

The resultant solution was stirred for another 15 min Qnd-diluted
withfpentane. Work-up as described.above gave 47.3 mg of 011: ‘ -
Both ir and nmr spectra of the sampie were identical with those

of the stérting kétone.

L. .
K :
- - '

i
e




2—Acety1—1,4a8,7;7—tetramethyl-3,4,4a,5,6,7;8,83ﬁ—octahydro-

naphthalene (174). A solution of 1.16 g (5.58 mmol) of the cis-

" ketone (162) and 10 g of acetic anhydride in 50 ml of carbon
tetrachloride was stirred, and to this were added 5 drops of

perchloric acid. The solution was then stirred at room tempera-

ture for 4 h. The resulting mixture was washed with water (x2)
and saturated sodium bicarbonate solution. After drying over
magnesium sulphate , the solvent was removed at reduced pressure

to give a brown oil which was distilled to separate 1.20 g (80%)

of the enol acetate (174) as a colourless oil: bp 50-53°/0.5 mm;

ir. (neat) 1762 cn’' (enol acetate); nmr (CC1,) § 0.90 (s, 6H,,

gem-dimethyl), 0.97 (s, 3H, C-4a CH;), and 2.03 (s, 6H, C-1 CH

3) 3
“and -00C-CH,); ms m/e -(relative intensity) 250 ot,15), 209 (27),

208 (100), 193 (63), 123 (28), 55 (22).

Attempted Annelation of 3-Trimethylsilyl-3-buten-2-one (175) with

Lithium Enolate (173). “The lithium enolate’t173) was prepared

from the enol acetate (174) (523 mg, 2.09 mmol) and methyllithium
(4.6 mmol) in 8 ml of freshly distilled 1,2-dimethoxyethane (DME)

under nitrogen. .After cooling to -78° a solution of the

vinyl ketone (175) (366mg, 2.52 mmol) which was prepared according

to the method of Ganem 98

in DME (4 ml) was added and the yellow
‘regction mixture was stirred at -78° for } h. The solution was
allowed to reach room temperature over a periqdlof 1 h and quenched °
. by aﬂding water. The o?gaﬁic substance was extracted wiyh ether

and the ether extract was washed with water .(x2), brine, dried

'. over potassium carbonate and concentrated in vacuo to afford an +




L]

N

. - ' orange oil. This crude 6il was' refluxed in 5% sodium metho*&de
in methan01 so1ution.for 3 h. .No;mal work-ué“;ith ether gave 212
mg of yellow oil which was chromatographed oﬁ‘z mm preparative .
glc (hexane-ethyl acetate, 4:1) to sepérate‘56 mg ?f faiﬁtly

> yellowisﬁ'oil (176): ir (neat) 1668 qm"l (enone);'nmr (CDC13)

§0.90 (br. s, 9H), and 5.87 (br. s, olefinic proton). ‘ -

'

~

Ak
<

Attempted Alkylation of Enol Acetate (174). Methyllithium

«

» . - A
\ ~ [ 4 o

(4.4 mmol, obtained by concentrating a ether solution under reduced
pfessure) and 1 mg of 2,2 bipyridyl were dissolved in dry DME

= . L )
. (10 m1l) and stirred at 0° for 3 h. Enoal acetate (174) (500 mg,

2.00 mmol) in 5 ml of DME was added dropwise to the,above.solutioni

To the resuiting deep .red solution was a&ded 240 mg (2.2°mmdlY of-

Pl

allyl bromide. The reactioﬁ mixture ‘was stirred for 10 min and a

" allowed to warm to room teegbraturé. A solution of saturated
, o .

v

sodium bicarbonate was’ added and the ofg#nic phase was extracted
with eth;r. The ethef'extract was washed with brine and driPd
over anhydrous magnesium sulphate. Eyéporation of the solvent
gavé 380 mg of c}ystalling subs;ance which'tﬁrned out to be the
cis-ketone (162). No alkylationfproduct was detected by nmr.

' : - A similar procedd}é was‘repeatéd in ether and tetrahfdrofuran,

x

where the kétone (162) was recoverd nearly quantitatively.

.

2-A11y10xy-1,4aﬂ,7,7—tetramethy1-3,4,4a,5,6,7,8,8ﬂ8—0cta- :

hydronaphthalene (177). Methyllithium (18.4 mmpl;:obtained by .

F S

concentrating anether solution under reduced pressure) and a few -

milligram of Q;phenanthroline were dissolved inQIOO'ml‘of

“

R\
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//f> ‘ hexamethylphosphoramide (distilled at reduced pressure;and stored
D over 4A mole;ular sieves) .and @hg resulting solution was cooled

io 0°.w Enol acetate (174) (2.08 g, 8.33 mmol) was added dropwise

" through a-gyrfpge. To the deep red sélution that resulted, l
allyl‘brgmide {0.83 ml, 9.6 mmol)wwa; added qui;kly"and stirred

<::::i:’ for 5 min. The reaction mixture was allowed to warm to room

' 4
temperature during another 10 min. \Satura{ed sodium carbonate

solution was poured into the solution and the organic-phase was

. : -
- extracted with water. The ether extract was then stirred with

-

50 ml of dil. (3N) hydrochloric acid for 1 h. The ether phase
was separated, washed with saturated sodium bicarbonate soiution
and brine. Drying over magnesium sulphate and concentration

under reduced’ pressure gave 2.15 g of a ;;IIQQ oil.. Distillation

an

‘of the oil at oil pump pressure separated 1.78 g (86%) of"

colourless oil , and a sagﬁie wasb further distilled to afford

vt ?

(177) of analygical purity: bp 78;&0"/0.5 mm; ir. (neat) 1687 qm71

- , (enol ether); nmr (CC1,) § 0.90 (s, 9 H, C-4a and C-7 gem-

-

S - dimethyl), 1.40 (s, 3H, C-1 CH;), 3,84-4.18 (m, 2H, -O-CH,-),
4.94-5.40 (m, 2H, -CH=CH.), .and 5.91-6.21 (m, 1H, -CH:CH,);

ms m/e (relative intensity) 248 (MY, 100), 123 (52), 110 (59),

.oAl .
ST 95 (62), 69 (67), and 55 (59). *

LT , d ) ~ Anal. Calcd, for C17H280: C, 82.20;4H, 11.36. >

Found : C, 82.15; H, 11.31. '

- s
) <«

- . 1—A11y1—1,4ap,7,7—tetramethyl—1,4,4a,5,6,7,8,8aﬂ—octahydro—»

naphthalen-2(3H)-one (179). The allyl ether (177) (108 mg,
k] R .

0.403 mmol) was sealed in a pyrex tube under nitrogen and

.
= . . ~
A |

P mr
H
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. pyrolyzed at 200-220° for 15 min. 'The brown residue was dissolved

in _chloroform and separated by preparative Llc;khcxane-lo% ethyL;:
acetate) to give 28 mg (28%)‘of the title "compound (179) as a
colourless 0il togethé& with‘26 mg of the cig-ketone (lgg).
W,ﬂ,;wmAgsamplewwé&“di§ﬁil}ed at oil pump pressure to'agford analytically
| pure (179): bp 65-68°/b;63;ﬁm;\ir“(CCla) 1700 cm"1 (carbonyljs
nmr (CDC}S) § 0.87 (s, 3@,*@—7‘CH3), 0.90 (s, 3H, C-7 CH3), 1.27 .
(s, 3H, C-1 CHsl, 1.33 (s, 3H, C-4a CH3),74.87-5.30 (m, 24,
—pﬁsgﬂa), and 5.?5—6.12 (m, lH’,'Eﬂfcnz);;ms m/e (rélative- e

<
intensity) 248 (MV,45), 233 (13), 55 (68), and_41(100).

17728

Anal. Calcd. for C,_H,.,0: C, 82.20; H,11.36. . '
[ .
Found : C, 82.30; H,11.30.

W

Lol

The allyl ether.(177) (225 mg, 0.91 mmol) was refluxed in

ethylene,giycol for. 13} h. Upon cooling, the solution was diluted
. « L. :

with ether (100 ml) and washed with watery(xS),‘dried over
magnesium sulphate. Evaporation -of the solvent under reduced”

) -

' pressure gave 213 hé‘éf oil which was separated to afford .60 mg
‘ ¢ ’ :

»

(27%) of (179) and 25 mg of (162)+
When 600 mg (i.42 mmgi) of (177)was bo'leq in
. 2,2—oxydiefhénol for 4h, only the ketone‘(4§Z mg, 93%) was
¢ isolated. ‘ ' ..
\ Ref}ﬂxiﬁg 12; ﬁg (0.502 mol) of.the ether (lzZ)\in digiyme
+ (diethyleneglycol dimethyl pthef) resulted ié the formation of

56 mg (45%) of (179) and 17 mg of the ketone (162). - '

-

o,t
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. reflux temperature wlth mechanlcal stlrrlng To this suspension

-sodium bicarbanate solution, and brine. Drying over anhydrpus

“was distilled under vacuum: bp 78-83°/1.0 mm; ir (neat) 17463 -
-1723, 1657, and 1623 cn” (<-ketoester); nmr (CCl,) § '0.97 (s, 6H .

- gem-dimethyl) and 3.70 (s, 3H, -COO-CH

‘*

S

a’ / 2-Methoxycarbouyl—5,S—dimethylcycl'ohe'xanone (187).

« , Dry methyl carbonate (270 g, 3.00 mel) and sodjum- hydride

(72 g, 3.00 mdl) in 500 ml .of dry tetféhydrqﬁu;an‘were heated at <

was'added dropwlse 125 g (1 03 mol) of 3 3- dlmethylcyclohaxanone78

in 2Q0 ml of dyyf THF. Two minuteS*after the addition, about 18

.of potassium hydride was added to.initiate the reaction.

-

¥ :
The. solution was "refluxed for an additional 1} h.” The mixture was
then cooled in an ice bath for 30 min and ‘hydrolyzed by the
Ce:eful addition of- 3M aqueous acetic acid solution. The organic..
material was extracted with chloroform, washed with saturated
. » o
sodium sulbhate and ‘removal of solvent under reduced pressdfe gave

a yellow oil from whicﬁ the title keto ester (187) (115 g, 65%)

3)'

(X4

 2.Methoxycarbonyl-5,5-dimethyl-2- (m-methoxyphehethy1) -

cyclohexanghe (188).

(a) The procedure of Daum and coworkers 1,04gwas followed.

Potassium (11.7 g, 0.30 mol) was dissolved in 250 ml of dry

t-butanol. To thls was added dropwise 50. 6 g (0. 30 mol) of the
above ketoester as7n diluted with 100 m} of t-butanol.

An addltlonal 100 ml of t- butanol was added followed by the

; add1t10n of 2- (_7methoxypheny1) ethyl brom1de (183 diluted with .

100 ml of ;—butaﬁol. The reaction mixture was refluxed with

B v P

,
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mechanical stirring for 80 h. The cooled reaction mixture was

poured%?nto ice-water. Ether was added and the ‘organic layer was

i

separated. The ether layer was washed with dil. (3N) hydrochloric

he

acid, saturated sodiumfﬁicarbonafg\solution and brine. After
. E 2 ”»
b

drying over sodium sulphate, the solvent’ was removed ig_vacuo to -

leave a yellow oil. This oil was distilled under high vacuum;

‘the first fréction-(13 2 g) contained the starting Ketvester (187)

and m- methoxystyrene, the secoqd fractlon (10.2 g) whlch boiled at K

63-83° contalned the ester and the bromlde (1 83) the third

Affractlon that boiled at 83 85° was chlefly the bromide (1 83)

thefflnal fractlon that b011ed at 168 172° (0 3 mm) was collected

(a yellow viscous 0il, 27.72 g,-31%). “ir (neat) 1734 (ester); and‘(

1712 cm- (carbonyl); nmr (CDClS) § Q.89 (s, 3H, C-5 CH»), 1.03

(s, 3H, C-5 CHy), 3. 70 (s, 3H, -COOCH,),.3.76 (g, 3H, -OCH. 5) and

3)’

6.62-7.30 (m,) H, aromatlcs) ‘ms m/e (relative- 1q§en51ty) 318

»(M+; 6), 184 (33), 152 (21), 135 (27), 134 (100),%and 121 (23).
{b) Potassium (S.O g, 0.13:mol) was dissolveﬁ'iﬁ 200.ml of

dry benzene containing 20 ml of t-pentyl alcohol under reflux,

»

To the solution was added 19.5 g (0.106 mol) of the ketoester
(187) diluted with 50 ml of dry benzene while ca. 50 ml of benzene

was being removed through a Dean-Stark trap. Then, a-solution of

m-methoxyphenylethyl tosylate (32j7 g, 0.107 mol) in 100 ml of
benzene was added- dropwise w1th st1rr1ng under reflux. Reflux
was continued fbr 24-h. The cooled reaction m1xture was poured
into ice-water and benzene was added. The~benzene layer was

separated and the aqueouslayer\ias extracted with benzene (x2).

Thedcombined benzene extracts we;é washed with water, dil. (3N)

P
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hydr9ch10rié acid,_sapurated sodium bicarbonate~splution, and

_ brine. The solvent was removed in vacuo to leave a yellow oil..
This o0il was chromatographed on silica gel. Elution with hexape-.
ethyl acetatei}lozl) separated the starting ketoester (187)

(7.1 g) and yielded 10.2 g (30%) of (188)as a yellow viscous oil.

4 »

2—Hethoxyéarbony1-§£'dimethyl‘2?(ﬂf‘methoxyphe“acyl)'

cyclohexanone (190). Potassium (2.3 g,0.06 mol) was dissolved

4n 120 ml 6fgbenzene 'contain?ng 7 ml of t-pentyl alcohol under
reflux. A solution of 8.2 g (6;06 mol) 'of the #etoeg;er (187)
ip“SO ml of benzene was added dropwise to-the above solution and . --
benz;ne was distilled off through a Dean-Stark trap

simultaneously. ’E;Methoxyphénacyl bromidg (189) (13.4 g, -

0.06 mol)‘was then ad?éd portionwise‘agd the'resu}ting~deep red -

b

solution was refluxed under nitrogen overnight. The work-up

§
'
F
;
H
!

procedure described above produced a viscous reddish ojl.;
'This o0il was chromatographed on silica gel to separate 8.0 g

(54%) of thé title compound (190) as a red solid. A sample was

coL - recrystallized from ethanol to.give amorphous powders: mp- 92-93°;

ir (KB) 1735 (ester), 1712 (carbonyl), and 1684 cm ' (carbonyl):

k. npr (CDCly) § 0.94 (s, 3H, C-5 CHg), 1.07 (s, 3H, C-5 CH3),-3.74~~

e e vy
t

(s, 3H, COOQEG), 3.80 (s, 3H, 0955)’ and 6.80-7.54 (m, 4H,H

\

|

aromatic protons).

i

:Anal. Calcd. for C19H2405: C, 68.66; H, 7.21.

Found "~ : C, 68.64;.H, 7.24.

e
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" The product (lgg) (5.4 g, 16 mmol) was hydrogenated over
500 mg of 10% Pd/C in 100 ml of acetic ac1d After hydrogen
uptake had ceased (ca. 3 h), the solution was diluted with
t chloroform (200 ml) and filtered through Celite. The chloroform

N sgolution was washed with water (x3), saturated sodium bicarbonate

. solution (x3), and brine,,ﬁThe extract was .dried over sodium

- 'sulphate and evaporated at reduced pressure to leave a fellow oil
. which was purified on. silica gel column (eluted with benzene) to

separate 4.6 g (89%) of (188).

S .

4 7-Methoxy-10a-methoxycarbonyl-3,3-dimethyl-1,2,3,9,10,10a-

. hexahydrophenanthrene (191). fCompound.(188).(10 g, 0.31 mol) and

,.2‘5 g of pftoluenes%}phonig acid in~400 m} of dry benzene were -
refluxéd under nitrogen for 12 h. ‘Upon cooling, fhe reaction
mixture was ﬁassed through a short column packed with neutral

P laluT1n1um oxide (Woelm). Concentration of the solution under

reduced pressuré yielded fie cyclized material (191) (7.8 g, 83%)

as a-yellow solid. An analytical sampie of (191) was® obtained by

v

%/ \. recrf;taklizatioh from hexane as colourless crystals; mp 74-75°;

§ - | ‘_ir (KBr) 17li2>‘cm_1 (ester); nmr (CDC13) § 1.05 (s,” 3H, C-3 CH3);‘-
.g. 1.10 (s, 3H, C-3 CHS), 3.54 (s, 3H, C00£ﬂ3)> 3:;2 (s, 3H, Ogﬂs),

f . .. 5.94 (s, 1H, C-4 H)’ and 6.50-7.57 (m,’ 3H, aromatic); ns m/e" »

g ' ‘ 3 .ﬂ . {relative intens%ty) 300 (M+, 100), 285.(1Q0), 241 (31), ;nd 225
; . - = (42). . | : : | ‘ . . ‘ ’
; o e " Anal. Calcd. for Cyghyg0qi €, 75.97; H, 8.05.

é Found : C, 75.98; H, 8.08.

: . : . - ' o .
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‘lithiﬁ@ aluminium hydride in 40.m1tof dry ether was stirréd undeg’

- dry ether wa; added dropwise. The mixture was then refluxed for

gave 569 mg*(&4%) of the alcohol (195)'35 a white powder.

, ) . 146|

7-Methoxy-10ag-methoxycarbonyl-3,3-dimethyl —1,2,3,4,4a¢8,9,10,10a-

octahydrophenanthrene (194). Ester (191) (382 mg, 1.27 mmol) ‘was

‘hydrogenated over 70 mg of 10% Pd/C in SO ml of toluene. Aftdr

12 h, palladium—carboﬁ was removedrby filtration fhrough a pad of

Celite and the solution was concentrated to yield 376 mg {(98%) of ~
f
the hydrogenated product ( 94)\95 wh1te powders. A-sample was

recrystalllzed'from hexane-ethyl acetate (3:1): mp 91-92°; ir ‘

P

(KBr) 1739 cmj (ester), nmr (CDC13) $ 1.02 (s, 6H, C-3 gem-

 dimethyl), 3. 54 (s,3H, COOCH ), 3.75 (s, 3H, OCH’),uand 6.50-7.23

(m, 3H, aromatlc); ms m/e (relatlve 1nten51ty) 302 (M+,100),242
. £

(100) ®186 (19), and 171 (19). * - -

197263
Found : C, 7§.48; H, 8.60.

A

‘Anal: Calcd. for c H.. O C, 75.46; H, 8.67.

%

102 f-Hydroxymethyl~7-methoxy—3 ,3-dimethy1-1,2;3,4,4ad,9,10,10a-

octahydrophenanthrene (195). A slurry of 100 mg‘(2.50 mmol) of

\

n{trogen while the ester (194) (670 mg, 2.22 mmol) in 50 ml of

. 8
4 h. Excess lithium aluminium hydride was destroyed by adding

saturated sodium sulphate solution. The resulting suspension was

" diluted with dil. (3N) hydrochloric acid gnd the ether layer .was . -

separated. The ether layer was washed with water (x2) and dried
over sodium sulphate. Removal of ether under reduced pressure

Recrystallization twice from hexane-éthyl acetate (4:1) afforded a
-1

a sampie of aﬁalytical purity: mp 119-120°; iiw(Nujol )‘3276 cm

reng
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" (hydroxyl); nmr (CDC1,) § 1.04 (s, 3H, C-3 CHy), 1.07- (s, 3H, C-3

. C-10a ~CH,-OH), 3.79 (s;nd'oggs), and 6.60-7.14 (m, 3H, aromatic);

‘mmol) of the ester (191) in 50 ml of dry ether. After addition

P et S ’

3.46° (s, 2H, C-10a -CH,-OH), 3.76 (s,3H, OCH,),

- -

. : , L | . 147

CH3): 3.20 (d, 1H, J=11Hz, C-10a gﬂz—OH), 3.61 (d, 1H, J=11Hz,

ms m/e (relaiive intensity) 274 (M+,100), 243 (34), 173 (19), and .

147 (21).

£

Anal. Calcd. for C18H2602: C, 78.79; H, 9.55. .

Found : C, 78.84; H, 9.48.

lOa—Hydroxymethyl—7-methoxy—3,?—dimethyl_1,2,3,9,10,10a_

hexahydrophenanthrene (196). A slufry of 352 mg (8.8 mmol) of

lithium aluminium hydride in 50 ml of dry ether was stirred under

nitrogen Huying addition of a solytion containing 2.80 g (9.3 mm

was cohpleted, the mixture was refluxed for 4 h, and stirred
overnight at room temperature. Excess lithium aluminium hydride

L

was destroyed by adding saturated sodium sulphate solution.

The resulting suspension was diluted with dil. (3N) hydrochloric
acid. The organic }ayer Qas separated, washed with sédium '
bicarbonatg solution andvbrine. Dryingvover~sodium sulphate and
removal of solvent ig_xgégg gave 2.55 g of semi-solids. The sélid;
were purified by column cﬁromatography (silica gel, eluted with.
hexane-ethyl acetate) to afford 2.49 g (97%) of the title alcohol = )
(196) as white powders. The material was recrystallized from

hexane to give a samplée of anal;tical purity: mp 55-56°;. ir (KBr)
3400 em™? n$r.(dnc13) § 1.03 (s, 3H, C-3 CHy), 1.07 (s, 3H, C-3 CH,)

5.84 (s, 1H, . -

e

C-4 H), and 6.50-7.42 (m, 3H, aromatic).




Anal, Calcd for C18H2402 C, 79.37; H, ‘8.88..

Found : C, 79.41; H, 8.90. e

Catalytic Hydrogenation of (196). A solution of 550 mg

o (2.00 mmol) of the alcohol (196) in 50 ml of toluene was hydroge-

nated at room tempe ture Over, 50 mg of 10% pd/C for 20 h.

e

Palladium-carbon was remoVed by filtration through Ceilte

‘- - Concentration. of the solvent proilded 56ﬂ mg of a whlte solid.

- Some material was recrystall}zed to give a sample that melted at
 59-61°. The mass spectrum of the sample showed a molecular ion

peak at m/e 274. The nmr spectrum of this solid showed a complex
cdx ) )

. . ‘pattern of pehks at 3.10-3.70 which was a lyzed to be, composed

of two palrs of doublets (see P 92), and on thlS basis the product.

¢

- - . wa; found‘to be a mixture of (1 95) and (207).
/‘\

The hydrogenation was carried out in the following solvgnts;

. ethanol, ethanol—lo% dqueous sodium\hydroxide, acetic acidy- and

oy Sty HASRE T SPWT TR f

acétonitrilen After work-up, the residue was examined by nmr.

The cis- and trans- mixtures were obtained in these solvents

except acetonitrile, in which‘the cis-product (207) was produced

- ’ predomlnantly, but the time for hydrogenaflon of 30 mg of, (196)

Q

wag ca. 150 h.

10a-Carboxy-7-methoxy-3,3~dimethyl-1,2,3,9,10,10a-hexahydro-

, S ’
phenanthrene (205). Ester (191) (1.03 g, 4.44 mmol) in 70 m1 of .-

'. methoxyethanol was refluxed with 2 g (36 mmol) of pota551um

8]

Wt e e A S G S

hydrox1de for 48 h under nitrogen. The cooled reaction mixture

: ; - ‘ ) was acidified w1th dil. (3N) hydrochloric acid and, extracted with

‘a
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_(CBC1,) § 1.03 (s, 3H, C-3 CHy),

W )

ether. The ether extract was washed with water (x2) and brine,
. - . I/

¢
and dried over sodium sulphate. Removal of ether under reduced
) - . . ‘,‘ - s

pressure gave 695 mg (71%) of the ac}d {205). A-sample was recry-
stallized twice from ethanol to afford a white powder: mp 180-dec.

ir (KBr) 3300-2400, 1735, and 1690, cm ! ‘(caxboxylic acid); nmr

/1.10 (s, 3H, C-3 CH,), 3.75 (s,
3, OCH,), 5.90 (s, 1H, C-4 H), /6.45-7.50 (m, 3H, “aromatic), and.
7.91 (s, 1H, COOH); ms m/e (relative intensity) 286 (M+,64), 271

(100), and 241 (15). The combustion analysis of this solid did

not give correct percentage for C and H.’

»
> .

1Oap;Carboxy—Z:mthgxx;:‘QZQimgthyL;1,2,3,4,4§ﬁ59,10;10a-octahydro—

phenanthrene (206). The procedure of Thompson and c:oworkersm9

was followed. A solution of 300 mg (1.05 mmol) of the acid (205) "
in 20 ml1 of dry 1:1 tetrahidrofuranwethey was added to a stirred ’
solution of 100 mg.g%g mgrqtomg) of lithiuT in 60 ml of dist%lled
liqgid ammonia. .gfter 30 min the blue reaétion mixtufq was
qﬁenched.by adding solid ammonium chloride; and ammonia was ¢
;lLowéd to eJﬁporate. To thié; dil.»éSN)‘h;&rochloric acid was
added and the organic substance was extrac;ed/with.ether. v
The ether'extraét was wééhed with water (x2) ané brine, and”dried
over soaiﬁm sulphate. Reﬁoval of the solvent under redhced
pressure provided 274 mg gg crude solid whichéwas recrystalliied
from ethanol to;give 222 &g (74%) of the title acid (229) as fine
need}es. The matefial‘yas further red;&s;allizeq from ethanol

. . 0
to afford a sample for combustion analysis; mp 175-182 Wwith

partial sublimation; ir (KBr) 3450, 3200, and 1723 (carboxylic -

(N
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acid); nmr (COCl,) § 0.90 (s, 3H, C-3 CHg), 1.03 (s, 3H, C-3 CH,),
/ . 3.74 (s, 3H, 0955), and 6.50-7.06 (m, 3H, aromatic); ms m/e 288
// MY, 100); 242 (63), and 186 (11). . - ' y
j - . _Anal. Calcd. for C18H2403 Ff 74.97; H, 8.39.
o Found : C, 74.79; H, 8.46.
4

10af-Hydroxymethyl—7-methoxy-3,3-dimethyl-1,2,3,4,4a#,9,10,

10a-octahydrophenanthrene (207). A slurry of 68 mg (1.7 mmol) of

[ S lithium aluminium hy_dride. in 20 ml of dry tet*fdrofuran was
/ stirred under sitrogen during dropwise addition of a solution
| containing 555 mg (1.9 mmol) of the acid (206) in S0 ml of dry
THF. Upon pompletioﬁ.of?adhition, the mixture was ref}uxed for
D ‘2 h.  The cooléd reaction mixture was titrated with saturated
| sodium sulphate solution and tge solids.formed were removed by
filtration through Qelite; The filféred solution was dried over
sodium sulbhate and the solvent was removed at redu¢ed pressure

] to leave.498 mg (96%) of the alcohol (207) as an amorphous solid.

\iTwo recrystalllzatlons from hexane afforded an analyt1cal sample

&
J e i & I I R

mp 97- -98°; ir (KBr) '3350 cm (hydroxyl), nmr (CDC13) N 0 87 (s,
" 3H, c-s‘éus), 1.00 (s, 3H, C-3(Chly), 3.30 (d, 1H, J=1lHz, -CH,-OH) \
: B 3.42 (d, 1H, J=11Hz, ~CH,-OH), 3.74 (s, 3H, OCH,), and 6.54-6.96
- (m, SH,‘aromatic); ms‘m/e‘(relative_intensity) 274'(M+; 100),
256 (225, and 243 (22). ' f

' C, 78.79; H, 9.55. T

Anal . Caled. for C18 26 2
i . . e ~ Found : C, 78.80; H, 9.59.
| o | _
E; s
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" 10ag-Formyl-7-methoxy-3,3-dimethyl -1,2,3,4,4ad,9,10,10a-

octahydrophenanthrene (216). Pyridinium chlorochromate (213 g,

0.98 mmol) was suspended in 20 ml of dry methylepe éhloride, and

the trans-alcohol (195) (181\mg, 0.66 mmol) was added rapidly at

room temperature. The -reaction mixture was stirred for 3 h. -

The resulting solution was diluted with ether, the solvent was

decanted from ‘the black mass and the mass was washed with éther.
The combined étﬂer solutions were passéd through a Florisil column
and\the solvent was~rémoved at re&ucéd pressure to giQe 174 mg
(97%) of the aidehyde (216) as fine wﬁite cryétalé.
Recrystalliz;tioﬁ of the material from aqueous methanol affordedA
a‘sampleiéf analytical purity as fine needles: mp186—87°; ir (KBr) Y.
(CCl,) 1714 cm™" (aldehyde); mmr (CDClg) § 1.03 (5, GH, C-3 gem-
dimethyl), 3.74 (s, 3H, OCH); and 6.54-7.30 (m, 3H, aromatic),
and 9.57 (s, 1H, aldehyde). .

912

Found : Cy 79.40; H, 8.86. L
~

- \\

Anal. Caled. for CH, 0: C, 79.37; H, 8.88.

' /
- 7-Hydroxy-3,3,10ap-trimethyl-1,2,3,4,4ad,9, 10,10a=octa-p’

- i -
hydrophenanthrene (217),and 7-Methoxy-3,3,10af-trimethyl-

1,2,3,4,4ag29z10,1Oa-octahzdrophenanthrene (218!.

Aldehyde (216) (1.10 g, 4.05 mmol), 50 ml-of distilled a -

diethylene glycol, and 7.5 ml (0.15 mol) of hydrazine hydrate
were warmed to 120° over a 1 h period and maintained at this
temperature for 2 h. Upon cooling 2.8 g (0.05 mol) of potassium

hydroxide was added, and the mixture was brought to boiling point ) i

with concurrent removal of water by distillation over a period of




P

3h. Reflux was continued for a further 6 h. After coollng, the

mixture was acidified with dil. hydrochloric acid (ZN) and

extracted with ether. The ether extract was washed with water
(x5), then brine and dried over magnesium sulphase. Concentration

at reduced pressure left 894 mg of crystalline material that

showed two spots on tlc. Some mat‘lial (200 .mg ) was chromatogra-
~phed'6n preparative tlc (hexane-25% ethyl acetate) to sepafate

98 mg of less ﬁblar substance (Rf=0.84, hexane-10% etﬁyi acetate)
(] - : d -

and 75 mg of more polar substance (Rf=0.64).
"~ The more polar substance was recrystallized from methanol °
(twice) to afford a sample of the phenol (217) as an amorphous

soild: mp 92-94°; ir ICCLA) 3640 (phenol) and 1510 em ! (aromatic)

nmr (CDCIS).S 0.65 (s, 3H, C-10a CHS),’0.98 (s, 3H, C-3 CHS)’ 1.03

(s, 3H, C-3 CH,), 5.74 (br., 1K, -OH), and 6.33-7.00 (m, 3H,
aromatlc) 3 <
Anal Calcd for Cy 7,40 i C 83. 55; H, 9.90.
- . Found : C, 83. 49 H, 9.90.
Recrystalllzatlon of the less polar substance from methylane

chlorlde-methanol (1 3) gave a sample of the hydrocarbon (218) as

prisms with yellow tinge: mp 43-44°; ir (KBr) 1612 and 1501 cm -1

-

(aromatic ring); uv_ (ch OH) 218 (€ = 7940), 278 (2340, a

-

287 nm (2060); nmr (CDCIS) 6§ 0. 67 (s, 3H, C- IOa CHS) 0.97 (s, 3H,

C-3 CHy), 3.76 (s, 3H, OCHy), and 6.55-7.20 (m, 3H, aromatic);

3)! .
ms m/e (relatlve intensity) 258 (M+;100).

Anal Calcd.  for C18H260b C, 83.675 H, 10.14.

Foupd : C, 82.60: H, 10.06.
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Phenol (217) was methylated according to the method of

. L4 .
) . Stoochnoff and Bcnoition117. Thus, the phenol (50 mgem0.2 mmol)

- ;as‘dissolved En 50 ml of dry tetrahydrofuran containing 10 mg
(0.4 mmol) of suspended sodium hydride (98% dry). To this, was
) 'added 230 mg (0.9 mmol)qof mgthyl io%}de and the mixture was S
- stirred at room teﬁperature overnight. Water was added to‘destréy
the iqmaining sodium hydride and the organic substance was
. . ' extracted with ether. The ether ex;ract'was washed with water
énd brine, and dﬂ%ed over magne;i&m sulphate. Remova; of the‘

solvent at-‘reduced pressure left 45 mg (85%) of chromagtographi-

cally pure hydrocarbon (218). ) .

: Similarli, the femaining mixtures of the phenol (217) and
Y .
the hydrocarbon (218) were treated with 100 mg (4.2 mmol) of

sodium hydride (98% dry) and 2.4 g (10 mmol) of methyl iodide.

The solution was left at room temperiture overnight with
. !

stirring. Work-up as ‘above gave 667 mg of hydrocarbon (218).

The combinéd yield of the two steps Wolff-Kishner-methylation

v
amounts to ca. 75%.

7

/} —\\\\ 10a’-Formy1 7-methoxy-3, B—dimethyl 1, 2 3,4 4af99 10 10a- '

octahydrophenanthrene (2 19) Pyrldlnlum chlorochromate (1’i25g
)

. 6.80 mmol) was suspended in 70 ml1 of dry methylene chlorlde, and

the El;;alcohol (1.25 g, 4.53 mmol) (_QZ) was addgd qulckly.

The reaction mixture was stirred at room tempefature for 5 L.

The resuiting blacklsoiution,was diluted with ether, the solvent

e i. was decanted, and 'the black solid wa; washed with ether. The com-

bined ether solutions were passed through a Florisil column and

EReTaE R e o
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1718 cn”! (aldehyde); nmr (CDCL J & 0.93 (s, 3H, C-3 Cy), 1.03

(s, 3H, C-3 CH

154 -

the solvent was removed under reduced pressure to leave 1.19 8
. !
(96%) of the aldehyde (219). Recrysgallizatiov of the material

twice from aqueous methanol afforded a samplé“GE analytical purity
<

as fine needles with a yellow tinge: mp 100- 102 ir (CC14) - ‘

3), 3.74 (s, 3H, OCH,),

and 9.40 (s, 1H, aldehyde proton). e

6.50-7.10 {m, Jke aromatic) . i

Anal Calcd for C9H120 C, 79.37; H, 8.88. ) .

Found : C, 79.30; H, 8.86.

i

7;Methoxy-3,3,10aﬁLtrimethy1—1,2,3,4,4aﬂ,9,10,103—_
octahydropheﬁanthrene (182). - Aldehyde (219) (2.88 g, 10.5 mmol), o

hydrocarbon (182) (2.02 g, 75%). A sample of the material was

-~

70 ml of distilled diethylene glycol ~and 25 ml (0.49 ﬁQl) of

.hydrazine hydrate (100%) were warmed to 100 over a 2 h perlgda °
and maintained at this temperature for 2 h . Upon cooling,
potassium_hydroxide (5.6 gjﬁoxlo mol) was a@ded‘and thé mixfure

was boiled with concurrent removal of water by distillation over

a period of 3 h. The solution was refluxed for a further 12 h.

After cooling, the mixture was acidified with'dil. (3N)

‘hydrochloric acid and extracted with ether. ” The ether extract

was washed with water and brine, and dried over magnesium

t

sulphate. Concentration at reduced pressure ' gave 2.38 g of

. crystalline material. This material qu-methylated in SQ‘mI of

dry tetrahydrofuran using sodium hfdride tZOO.mg, 8.33 mmol) and

‘methyl iodfde (4.00 g, 16.5 mmol). Work-up"witﬁ ether afforded

twice recrystallized from methanol to give the hydrocarbon as ’ 1

R

‘- PSS [P




My prren =

(s, 3H, C-lOa CHS)’ 3.76 (s, 3H, OCH

phenanthren-7 (6H)-one (221). The, procedure of Wiesner and -

- . ' R . (’J . ) ) (_/
e ! . { I3

.

S

colourless needles,mp 65-66°; ir (KBr) 1600 and 1510 em ! o

(aromatic ring); u x (CH3OH) 220 (€¥5210), 280 1740), a

285 nm (1610):. nmr (CDC13) § 0.89 (s, 6H C-3 gem dlmethyll, .00

3) and 6.57-7. 06 (m 3H, S,

aromatic); ms m/e (relative intensity) 258 (M ,100).

. . Anal. Calcd. for C gH,0: C, 83.67; H, 10.14.

18726 "
Found T, 83.55; H, 10.15. ,
4. ;

-

 3,3,10af-Trimethyl-1,2,3,4,4a¢,5,8,9,10,10a-decahydro-

coworkers121 was followed. A solution of 600 mg (2.32 mmol) of .

the cis-hydrocarbon (182) in 50 ml of dry 1:1 tetrahydrofuran,
t-butanol was added over 15 min to a stirred solution of lithium ~
(320 mg, 45.7 mg-atoms) in distilled ammonia (ca. 100 ml).

The mixture was stirred at acetone-dry ice temperature for 1 h..

.‘The blue reaction mlxture was quenched by addlng absolute methanol

and ammonia was allowed to evaporate ‘The resxdue was dissolved

[

in water (100 ml) and extracted with ether (x4). The ether extract

. was dried by passing through a pad of magnesium sulphate and -

- 4 ’ - .
concentrated to afford a colourless oil.. This oil was immedie:ﬁiy

dissolved in cold absolute ethanol (100 ml)'and';reated with 1M

/ . o .
aqueous oxalic acid solution (30 ml) for -30 min at 0°. The mixture

" was neutralized by dropwise .addition of saturated sodium carbonate

—

solution. Normal work—ﬁp with ether, gave 512 mg (89%) of the

- "

ketone (221) as a yellow oil which solidified upon refrigeration,

but melted at room temperature. The material was distilled under

vacuum to afford.a colourless oil: bp 95-100'/1.0‘mﬁ;-%f_(neat)

£

o

2 ‘\—.‘
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1718 cm = (carbonyl); v (CHSOH) transparent beyond 210 nm  ;
T . nmr (CDCI}) § 0.87 (s, 3H, C-10a CH;) and 0.90 (s, 6H, C-3 gem-
2 dimethyl); ms m/e (relitive intensity) 246 (MT,100)," 231. (100),
¢ , .
AR S 217 (86), 105 (38), 91 (41), 79 (31), 69 (31), and 55 (34).
-Anal. .(?glcd. for CI7H26O;' C, 82.“87; H, 10.64. . .
: Found. : C, 82,90; H, 10.68. .
g ~ ‘ . LT
. — ) °%
Lo :
‘) & » Al ' '
.l' B o ' ! @ B y
O ® ’ , .
: ’ R
{
: *,
! ' > .
a v ﬂ
3 \ . o, [}
T Y ' ! /
* "' ¢
X ‘3 "‘ S ~‘
s » -
Ll -‘.‘ ' ) ' .
. o,
- s . !
,:, B / ., - a ¥ .
1 ! " .
PR _ ) . o
. S " ' .
AW .
- ,"_ .




by

e I G e+ s,
'

e s T e a2

e

10.

11.

12.(a)

' 12.fb)‘

13.

" Compounds",.

/ . REFERENCES'

2
)

_P. de Mayo3i"The Higher Terpenoids", Vol. TII,
~ Interscience delishers Inc., New York, L959.

J.'Simonsgn and D. H. R. Barton, ""The Terpenes'", Vol. III, .

Cambridge “Press, Cambridge, 1951. ’
b ‘.

_P. W. Brian, J. F. Groe and J. MacMillain in "Progress

in the Chemistry of Organic Natural Products", Vol. 18,

L. Zechmeister, Ed., Springer-Verlag, Vienna, 1969, p. 350.
- v “ I

J. R. Hanson in "Chemistry of Terpenes and Terpenoids",

A. A, Newman, Ed., Academic Press; London, 1972, p. 193.

L. Ruzicka, A. Eschenmoser and H. Heuserl Experientia,
9, 359 (1953); A: Eschenmoser, L. Ruzicka, 0. Jeger and

- D. Arigoni, Helv. Chim. Acta., 38, 1890 (1955)

LY

'K. Nakanishi in "Natural Products Chemistry",fVol. I
K. Nakanishi, T. Goto, S. Ito, S. Natori and §. Nozoe, Ed.,
Kodanshd: and Academic Press, Tokyo and Ney Yo 974,

p. 185. . , : . > .

" «J. R. Hanson in "Progress in the Chemistry of -Organic
’ Natural Products",

Vol. 29, L. Zechmelster, Ed.,
" Verlag, Vienna, 1971, p. 395. A

-«
Eey

R." McCrindle and K. H. Qverton in "Chemistry of Carbon
Vol. 2c, Elsevier, London, 1969, p. 373.

Refe%é 4, p. 156.

T. K ‘Devon and A I Scott ""Handbook of Naturally
"Occurring’ Compounds", Vol. 2, Academic Press, New York,
1972. ' X

For example "Terpen01ds and Steroids", Vol. 1-7, .
The Chem1c£1 Society, London, 1971-1977. )
T. AnthoneSen P. M McCabe R. McCrindle and R. D. H.
Murry Tetrahe&ron, 25 2253 (1969) and subsequent papers -
in the series.

S. Kusumoto, T. Okazak1 A. Osuga and M. Kotake,
Tetrahedron Lettérs, 4325 (1968) and subsequent papers
-in the series. .

‘

-

J. R. #anson in "Progress in Phytochemistry", Vol. 3,
L. Reinhold and Y. Liwshits, "Ed.,

London, 1972, p. 231. ~ °

.Interscience Publishers, .

157

Springer+ =

g a0 8

o




" 158
- ‘ N
14. R. M. Coates in *'Progress if the Chemistry of Organic -
. Natural Products', Vol. 33, W. Hertz, H. Grisebach and
. T G. W. Kimby, Ed., Springer-Verlag, Wien, 1976, p. 74.
. 15. Reference 13, p. 268 : '
16.. R. Mlsra, R. C. Pandy and S. Dev, Tetrahedron Letters,‘
" 3751 (1964). o v
37.. L_T. J. Kﬂng and S. Rodrigo, Chem. Commun.,, 683 (1969).
oo " 18. - G. Berti, O: Livi and S. Sernini, Tetrahedron Lett.,
' i - 1401 - (1970) . ) o
‘ 19. D. H.-R. Barton and D. Elad, J. Chem. Soc.,'.-zoas (1956).
20. . G. A. Sim, J. A. Hamon, J. C. Raul and J. M. Robertson, N
: Prdc. Chem. Soc , 75 (1961). .
. 21+ . D. H."R, Batron, H T. Cheng, A. D. Cross, L. M. Ja;kman
. -and M. Martln Smlth J. Chem. Soc.j; 5061 (1961). .
\ 22. 1. Kubo Yue-Wei Lec, V. Balogknair, ‘K. Nakanishi.and
v A. Chappya,‘U Chem, Soc.,Chem. Commun., 949 (1977).
~23.(é) S. Takahashi, T. Kusumi and H. Kakisawa, Abstracts of -°
Papers, the Annual Meeting of the Chem1ca1<Soc1ety of
Japan, 2002, Apr 1977.
23.(b) R. Kawasaki and T. Tokoroyama, ibid., 2U03, Apr. 1977; .-
e . T. Tokoroyama, Private Communications. 7 R
24, J. W. ApSimon and K. Yamasaki, Chem. Letters, 1453 (1977). :
‘ ST . 25, R. Kanazawa, H. Kotsuki and T. Tokoroyama, Tetrahedron f
' ’ Lett., 3651 (1975) ‘ N
. 26. S. Yamazaki, S. Tamura, . Marumo and Y. Saito,
: Tetrahedron Letters, 3651 (1969).
T ' 27. A. B. Anderson, R. McCrindle and E. Nakamura, J. Chem. Soc., -
° : ’ Chem: Commun., 453 (1974); J. Chem. Soc., Perkin-I, 1590 .
: (1976). ‘ * .
o - 28. T. Tokoroyaﬁa, K. Matsuo, R. Kanazawa, H. Kotsuki and ‘ - .
. T. Kﬂbota Tetrahedron Lett., 3093 (1974). = - - . 4
29. - H. E. Simmons and R. D. Smith, J. Am. Chem. Soc. 81, oo
) 4256 (1956) . ,
o : 30. /R E. Ireland and J. A. Marshall J. Org,._Chem,,»J_,’
: 1615 (1962). ) = i

~31. ° °N. Cohen, Acc. Chem. Reg.,'g, 412 (1976).




Ld

. o 159
32, R. Wiechert, Angew. Chem. Int. Ed. Engl., .16, 506 (1977).
v . ' ’ [
. < 33. G. Saucy, R. Borer and A. Furst, Helv. Chim. Acta., 54,
oo . 2034 (1971).
ﬂ" i > N .
34. " G. Saucy and R. Borer, Hely. Chim. Acta., 54, 2121 (1971)..,
35. F. Korte and H. Machleidt, Chem. Ber., 88; 1676 (1955).
36.(a) G. Stork,.S. Danishefsky and M. Ohashl, J. Anm. Chem Soc R
) 89, 5459 (1967) -
; ‘36:(b) Y. Pietrasanta and B Puccx, Tetrahedron Lett., 1901 e
) - (1974). . ., ' ' -
37. - B. M. Trost, K. Hiroi.and N. Holy, J. Am. Chem. Soc., 97,
| 5873 (1975). )
. 38. . M. S. Hende:son; R. D. H. Murry, R. McCrindle and
D, ‘McMaster, Can. J. Chem., §l 1322 (1973). °
R 39.. + R. McCrindle-and E. Nakamura, Can. J. Chem., 52, 2029
: _ (1974). D
, 40, T. Okazaki, A. Otsuka and M. Kotake, Mippon Kagaku Kaishi, .
O 583 (1973). : - p
. ¥ . ' T . . , o
- ' Ct .41, L. Ruzicka, Proc\ Chem. Soc., .341 (1959).
b ) ‘ .42, J. Simonsen and W. J.”  Ross, ."The TerﬁeneS", Vol. 1V,
: Cambridge Press, Cambxidge, 1957. -
. 43, G. Ourisson, P.Crabbé and\Q. R. Roding, "Tetracyclic‘TA iA
L Triterpenes", Holden-Day Iny,, California, 1964.
. Lk . "
- 44. J. D. Cornforth, Quart. \Rev.,.2§, 125 {1969).
. 45. R. 0. Haworth, Ann. Rep., 34, 327 (1937).’
.‘ 46. A. Meisels, 0. Jeger and L. Ru21cka, Helv Chim. Acta "
32, 1075 (1949) A
: 47. T R. Ames, T. G. Halsall .and E. R. H. Jones, J. Chem
Soc., 450 (1951) < .0 e
° ‘ "48. D. H. R. Barton and G. A: Morrison in "Progress in the
o ; Chemistry of Organic Natural Products", Vol. 19,
: - L. Zechmeister, Ed., Springer-Verldg, Wien, 1961.
: - A .
"49, ° " J. D. Connollyand K. H, Overton in."Chemistry of Terpenes
« and Terpenoids', A. A. Newman, Ed., Academic Press, ’
London, 1972, - - o T et ‘ .
L




e chaa

T AR AW e,

LAt A it LN B/ S S
B - . -

50.

fi.

.

“52.

53.
54.

55.

56. -

57.

58.

59.

60.

61.
- 62.

63.

64.

65.

66.

" 5014 (1956)

Reference 1, p. 202. _
J. H. Richards and J. B. Hendrickson, "The Biosynthesis
of Steroids, Terpenes and Acetogenins', W. A. Benjamin
Inc., New York, 1964.

D. H. R. Barton, T. R. Jarman, K. G.‘Watsan, D. A.
Widdowson, R. B.. Boar and K. Pamps, J. Chem. Soc., Chem.
Commun., 861 (1974). ' .

S. Seo, Y. Tomita and K. Tori, J. Chem. Soc., Qhem.

.Commun., 274 (1975).

4 .
E. J. Corey and J. J. Ursgrung, J. Am. Chem. Soc., 78,

\
\

F. S. Sprlng, J. M. Beatom, R. Stevenson and J.-M. Stewart,

)

J
N.

"Chem. and. Ind. (London), 1054 (1956) ' ,

H. Dutler, O. Jeger and L. Ru21cka Helv. Chim. Acta.,

38, 1268 (1955).

T. Kikuchi, M Niwa and N. Masaki,: Tetrahedron Letters,
5249 -(1972).

J. W. ApSimon and J. W. Hooper in "The Total Synthesi§
Natural Products", J. W. ApSimon, Ed., Vol. 2, Johm Wiley .
and Sons Inc., New York, 1973, ’ . .

R. T. Blickenstaff, A. C: "Ghosh and G. C. Wolf, "Total
Synthesis of Steroids", Academlc Press, New York 1974.

. A, arltrop, J. D. L1tt1eha11es, J. D. Rushton and .
A. J. Rogers, Tetrahedron Letters 429 (1962)

E. J. Corey, H. J. Hess and S. Proskow, J. Am Chenm. Soc s
90, 1031~(1968)

E. Ghera and F. Sondheimer, Tetrahedron Leftérs, 3887
(1964). '

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

"J. E. Dolfin, J. Newbould, W. S. Johnson, M.:Brown,

R. J. Crawford, P. F. Hudrlik, G. H. Rasmussen and .
K. K. Schmiegel, J. Am. Chem. Soc., 92, 5743 (1970). -

~ S. Badripersaud, Ph. D Dissertation, Carleton University,

1976.

L

G. Stork S. *Uyep, T. Wakamatsu, P. Grleco and J. Lapow1tz,
J. Am. Chem. Soc., 93, 4945 (1971)

"W. Nagata and M. Yoshioka in "Organic Reactions",’ Vpl. 25,
John wiley and Sons Inc., N@w York 1977. ' T

160




A<__
Lk

— N
—
T

67.
68.
- 69.
70.

70.

71.
72.

73.

74.

© . 76.
=77,

. 78.

(2)

(b)

75

79.

80.

81.

83.

82.

E. E. van Tamelen, M P. Seiler and W. W1ercuga J. Anm.
Chem. ?oc 94, 8229 (1972). )

-

E. E. van Tamelen, Acc. Chem. Res., 8, 152 (1975).

R;'E. Ireland, M. I. Dawson S. C. Wclch A. Hagenbach,
J. Border and B. Trus, J. Org. Chem., 95 7829 (1973).

R. E. Ireland and D. M. Walba, Tetrahedron Lett., 1071
(1976) . ' ,

D. M. Walba, Ph.D. Dlssertatlon California Instltute of
Technology, 1976.

G. H. Douglas, J. M. H. Graves, D. Hartley, G. A. Hugheg,
B. J. McLonghlin, J. Siddall and H. Smith, J. Chem.QSoc ,
5072 (1963).

R. E. Ireland, C .J. Kowalski, J. W.'Tilley and D. Walba,
J. Am. Chem. Soc., 96, 3333 (1974) and J. Orghyghen., 40,
990 - (1975) . ) ‘ :

F. G. Mann and M. J. Pragnell Chem. and Ind.. (London),

1386 (1964) .

- D. Felix, J. Schrelberz G. Ohloff and A. Eschenmoser,
Hely. Chlm Acta., 54, 2896 (1971).

S. Winstein, J. Sonnerberg and L. De Vries, J. Anm. Chen.
Soc., 81, 6523 (1959) .

T.'G. Halsall and D. B. Thomas J. Chem. Soc., 2431
(1956) ‘ §

J. E Ellis, J. S. Dutcher and C. H. Heathc0ck J Org.
Chem., 41, 2670 (1976).

J. w ApSimon, S. Badripersaud' T. T. T. Nguyen and

' .R. Pike, ‘Can. J. Chem.) 56, 1646 (1978)

L. S. Minckler, A. S Hussey and R. H Baker J. Am. Chem.

- Soc., 78, 1009 (1956)..

H. 0. House, "Modern Synthetic Reactions", 2nd ed.,

- W. A. Benjamin Inc., California, 1972,.p. 27.

R. L. Augustine, J. Org. Chem., 23, 1853 .(1958).

R. L. August1ne and A. D. Broom, J. Org Chen. , 25 802
(1960). ) .

H. 0. House, R. W. Giese, K. Kronberger, J. P. Kaplan and

. J. F. Simeone, J. Am. Ghem. Soc., 92, 2800 (1969).

"~ lel




84. J. E. Ellls, J, S. Dutcher and C H. Heathcock Synth. -
Commun., 4 71 (1974).
85. W. C. Still and F. L. VanMiddlesworth, J. Org. Chen., 42,
1288 (1977) . ‘
86. D. H..R. Barton &nd C. H. Roblnson J.. Chem Soc , 3054
, (1954). ' . , \
o '
87. . 'G. Stork and S. D Darling, J. Am‘ Chem. Soc., 86, 1761
(1964).
o 88.- D. Caine in "Organic Reactions', Vol. 23, John Wiley -and
ar Sons Ina., New York 1976. :
i “; ' 89. E. J. Corey and J. W..Suggs, Tetrahedron Letters, 2647
‘ - (1975). : N
e 90. L. F. Fieser and M. Fieser, '""Reagents for Organic
Synthesis", Vol. 1, John Wiley and Sons Inc., 1967,
P- 435. a- ’
9I: , J. B. Stothers, "Carbon-13 NMR Spectroscopy”, Academlc
Press, New York, 1972,-p. 60.
92, . S. H. Grover, D. H. Marr, J. B. Stothers and C. T. Tan,
N Can. J. Chem., 53, 1351 (1975).
. 93, H. 0. House and M. J. Lush, J. Org. Chem., 42, 183 .
(1977). '
94, | D. Caine and T. L. Smlth Jr., Ja Org. Chem., 43, 755
© 1 (1977).
"95. J. L Gough, J. P. Guthrie and J. B. Stothers, J. Chem.
~Soc., Chem. Commun., 979 -(1942). - o
96. Reference 80, p. 568. ‘ .

97. H. 0. House, L. J. Czuba; M. Ga

[ ond H. D. Omstead,
'J. Org. Chem., 34, 2324 (1969). .
98.  B. Ganem, Ph.D. Dissertation, Colujbia University, 1972.
99.  Réference.80, p. 527.
100. . R. F. Church, R E. Ireland and J. A. Marshall, J org.
' Chem., 27, 1118 (1962).  * i
101. H. M. R. ‘Hoffman, Angew. Chem. Int. Ed Engl., 8 556
(1969) . .

102:(a) D. H. W1111ams and N S. Bhacgca, Tetrahedron, 21 1641
‘ (1965) , .

v A L)

162

&




A : . ' y I | 163

.102.(b) D. H. Williams and N. S. Bhacca, Tetrahedron, 21, 2021

(1965). _ , ®
-103. D. H. Wllllams, Tetrahedron Lett., 2035 (1965). J
_-\\ o ‘ 104.(a) S. J. Daum, P. E. Shaw and R. ﬁ Clarke, J. Org. Chem s
) 32, 1430°(1967). . Lt

104.(b) H. W. Thompson J. Org. Chem., 32; 3712 (1967).

105. / . L. Ruest G. Blowin and P. De§1ongchamps, Synth Commun. ,
6, 169 (1976).

106. (a) H. W. Thompson J. Org Chem , 36, 2577 (1971).

106.(b) H. W. Thompson and 3 'E. Na1pawer J. Anm. Chem Soc » 95,
6379 (1973).

107. K.L. Williamson, T. Howell and T. A. Spencer J. Am. Chen.
3 Soc., 88,.325 (1966) :
\ - - 108. .R. L. Augustine, "Catalytic Hydrogenatlon" Marcel Dekker,
New York, 1965, pp. 34- 49 )
109. H. W Thompson, E. Mcpherson and B. L. Lences, J. Org.
Chem., 41, 2903 (1976).
110. " Reference 109, Exper1menta1 Sectlon (p. 2905)
111 . H. Smith, '"Organlc Reactions in Liquid Ammonla” §
‘ Interscience Publishers, New York, 1963, p. 226. ‘*
S112. Reference 111, p. 228.
' 113. E. L. Eliel, N. L.Allinger, S. J. Angyal and G. Morrlson,

ﬂConformatlonal Analysis", Intersc1ence Publlshers,
New York, 1965, p. 231.

114. . U. R. Ghatak, N. R. Chatterjee, A. K. Banerjee,

J. Chakravatry and R. E. Moore, J. Org. Chem , 12 3739
(1969)
115. . -J. E. McMurry, L. C. Blaszczak and M. A, johnson,

Tetrahedron Lett., 1633 (19178). ‘

116.  R. Stoermor and B. Kahlert, Chem..Ber., 34, 1812 (1801) ey

.- quated in "The Chemistry of the Ether L1nkage" S. Patai, Y :
‘Ed., Interscience Pub11shers, London, 1967, p. 47.

- 117. . B. A. Stoochnoff and N. L Beno1ton, Tetrahedron Lett.,,
- 21 (1973) e

L

118. Reference 111, p. 245.° - . : i




o~ - 164
A. J. Birch, J. Chem. Soc., 430 (1944).

" R. Ginsing and A. D. Cross, J. Am. Chem Soc., 87, A629

(1965) . ;
» .

K. Wisner,. I. H. Sanchez, K. S. Atural and S F. Lee,

" Can. J. Chem., 55, 1091 (1977).

F. F. Albertsqn,‘J. Am.- Chem. Soc., 72, 2594 (1950).

D. Seyferth in "Organic Synthesis", Vol. 39, M. Tighler,

--Ed., John Wiley and Sons Inc., New York, 1959, p. 10.
. : »

B. Pucci, Ph.D. Dissertation, Université deﬁMohtpellier,

" 1976.

H. O. House, L. J. Gzuba, M Gall and H. D. Olmstead,
J. Org Chem., 34, 2324 (1968). . .




APPENDIX I o .

The Numbering of Bicyclic Diterpenes

The following numbering system for the Bicyclicnditerpeneg ) v

. w

S . has been used in this thesis. ‘ _ -

clerodane -
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The Systematic Numbering of Typical Triterpene Skeleta
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APPENDIX III

CRey

13

C Chemical Shifts of cis- and trans-2-Octalones,(162) and (163).

1w

The natural abundance 3¢ R épectra data of the ocialongs

are summarized in the following formulae.

‘ -
(162) - (163) |
haes -
3 k)
(a) The specira.were taken in CDC1l, solution.
(b) Chemical shfits are given in ppm relative to internal TMS.
(c) The assignments in parentheses are tentative and may be .
1nte£§hangeble -
(d) Thé "7C chemical shifts reported above were determined /.
based on the reference shifts for’ the similar decalones’ y
(cf. refernces 92-94), . b
(e) The spectra were recorded on a Varian XL-100 NMR , f —
spect rometer. . , . 'f 'x
' \ . /
Lo se




: : . * + , APPENDIX IV
. : - 13C Chemical Shifts of cis- and trans-Tricyclic Hydrocarbons,
(182) and (218). . : !

The natural abundance 1‘-"C NMR spectra data of the hydrocarbons

. . . R .
are summarized in.*he following formulae.

. 'Y ) . ' b
\ ] . '-‘} L.‘“ . # .

33.3

55.6 -
‘ CH3O 114.3 ,)uze.s‘
! 136.9
1 ' =, ' 218) - g . - (182
L . ; -8
:
t
- L * (a) Chemical shifts are in ppm relative to internal TMS.
: - ®) The assignments in parentheéses are tentative. and may be
f - . interchangeble.
§ (c) -The chemical shifts were determined as previously ment foned
L S (ef. footnote @i}, p. 1673, . '
" 2 B Ay | T ‘
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Selected lH.NMR (60MHz) Spectra of S&ntheﬁic Intermediates

Lot -

.* All the spectra were taken in CDC1

.

3

solution.

e




<

162) or (153)

-

.
v ?

5B s g




-

o’

' 81) 0 (E90) | -

. -
: . =
Ca . :
a . R
H, ..n\ e .P
. .o n R
. , . R
S . PE
LY ~ - . . -
W v . .
: 2 .
- . -
S . = . .,
. (g N - c et
F] . o
. -
) . € R
PR
e .
h L3
‘ " ., .
’ * \l » -
.-. o N “ AT Al
'
\. : kY L4
. .
-
. , N .
* . . - .
- v *
a
- i k
! . . « 7 .n
: | < . v -
. o .
v, LA
N
-‘ *
s
- . .
| Y :
. g
B
] R . .
' . . e
Y . ‘ . vf ) .
C et g 3 o &




. u . e iti
) . . /- e i
‘ * SXHYR3L ! 3lenvs .. ounv JL\ LIVRNY ' : ‘ -
. 0! 02 o€ ov wie O 09 0L 0g
f ? T T IR P B i T 1. 1T 1T 1T T 1" -1 11 T A _
T T T Y T — . T T T T T _, T T T 1 I _ T ” T, ._” _ _ T T _ v “ _ﬁ B LI N _ i i T m Y
“ S . : ! - i ‘w ~ \
. . .- P . . - ' - .
, . _ £ ﬁmmyummﬁ ! ; r S “
! . _
!

T
‘. - - w
. . . . i .o
* ¥ ’ + .
. . N . . ~
. i ' m < - 7 . * ] ] -
. B / " o - ‘.- . . . M
! o \\, D - m ' HBN.HV : . . .“ N
- * - — v\u‘. G . m - - - [ ,
_ , R M _ ) m - ¢
| - < ! . |
' a * e o i -t *
j P _“ . .
T - : ! m i M
6 : S ' (6] 1 _ C ‘Ohm T
: ] v h : . ! -
0 ) o]l 74 - : B oy
: o . _ . Lot | e
2N 0¢ . Ov ) C .09 .. . 0" .
BRAYERd ) I ] e . I
0 ; Cs ' Q01 . o] IERRME e - Qx, .
; . . - ~ ‘ I !
:.m _ ov_ O&N ] \ o&n . M “ o&s.
: . 1 11 1 — 1 R D " _ ,,~ L M I | VU S | L1 i ._
[ : 4 RN _ L0 - 13 L4 1 bl 1| L .
el - . . . . 30‘!”! Cy . ) ";.
ﬂ g ] . .. 09 =S ON LUvYHD o et
s -~ 2 a ) . * “\ ‘.% . B y ‘ﬁ M
. - . N I S . L oy y L Y < i .MK.. o N




. a , . 4
) . - R e P N o -
at

1239 IWIL 63N ' i,

olny

oS

1WNYS -

L —

(4 (1) Wid

IWWANYW »

o9

bl

D -0 -0

CH—

4~
©
—
~

i

.
.

m
. S .

a
-~

e e
.

. - SPUVE] W poang oLt . ‘. S Lo
,409 =S ON 1UYHD - .




& I:M,Rﬂummm s
P. .

-

1?

.

.
(A
Ya,’




Ps .

9 WiLoads ~~ , . |

t

e s R "




176

(X}

”

L
. . e
e
. .
—a ;
N ...
+ L3 A o -' .
. .
u o
CEEEE LR
- <
" & F.- .
d * P v .,




\J

SPECTRUM 7

*5.0







. .




_ ,
R
. v
B Ly
. oo
g P

i
i
“ i
v .
1
N ; :
R i H Hih i
b K H iy 3 J
B vt H bl | R
t.AM.» ’ ».w o m~ w » 1 b
gt " i) B 131111 I ,i%
t T CRRE R R ER Y CRREL B !
' : i BT R ]
B :,ME HHie ! f
: : w._ ISt eassi bt 1 1H R
' H v " Y [11- < ..
D I A il 1 -
SR N ad B e
: - : i ! oy i1 } HHHL 1i3i I
T l H I r FHY B I SEREELRRCRRS H
. IAUTRNN SRR SN P . iy Hils i 1 3 xnnm T
RN : Sl il ; Hh 11| SR
w P ¥ i i 2} M
S IR i S It Mt e : i7;
! i : P st i ,m .
i ' _ : 1 0 1 i fis: NERE
INTUUE SUNIR S S ..rv% 1 31 A‘ v e
RS A i Sy ! il il
IR N S R . T 1
o . . : i ;
._ m

 SUSUCIUN S (o.twlu.llxiv. R

I
I

Sy !

| !
e w& -
: L -
I -t
N A

3

oy iy 04

pe!

i

P R e I

| 0pPee piags hurvy

[g gy

vivedoieadine

S0y

[ ER33% oot iy

Q
Y

1.

g vy
Py S

Py Sow ¥

oo oo




.
-
)
=
-

by anlod

|

[EPRNUR R A

Rty B

PSS

————— g

——b

|
!
A

JRSSPRS SRS SUN S

v T
.o
ol
: !

T ;

S

. i 4
¢ ; .t :

'
et !
[ e
Lo

=

i

e SR

<1

17

%.-« .
.

. P
B
i
'

t
T
: [SaR t Syym
- - 2N -
s=ver T ?
oo oy t
jgane 3 |
o 3 3
by 3
oo ~] T
pogud | =eus
il vy eope & toeet
o~
. Iy o by
Ll . ~ -
jo33¢ FE0¢ 2 : ehes1de  s3gees
. ; . . ey R ~
"ot . oot Y e -
. . . - - . e S
. ' T : . LI . ‘r. s
2 -~ A . et BRI & N
e L L R - ‘ .

-

&

-

| £

G



oS oaadd

PO —————
i PR
i
‘.
. I
[ ceebals
s

B

T

i

——te

R FERO

.-

S SR NP SURURIEIS S St

| PN S

PO YUY S S

JUNHUNIS S
i

s .

[2ITO0S 20004 S9SN LLTo0 fo00y S0uy paund s

SETTITTRTT 13004 ASae Sy

o veSuy vy

o4

(o458 89

+He

PUOSS FOREY Sipirey

o2 ]

1
jeogt sege
e

-

Fa

{SOws Peany 394

o gEa=e ¥

P o

If gpve

P LS LIy SRS Tt o

[33eY 223
IEeTs

(2004 sS0de tuwy

< (PPN Bone
S ey P TE e s ottt o

e 909

jrity

§5344

[3gge

—epe
P
Vesy

Tl

Joe s IS RTINS

ISPS gy m
(992 S200Y 94

3

Foaeefesidiliape

[PV Penie
b .




Jial g i e e o O
i . H LT 4 - .
; i ! E ‘
il ” ! i | ! \
s i H [ : :
Tali : n " T Il vers
Bt I TR B ‘ T
[RE * ”Lv R H i 3 ,
sl i I i I .
5 RIS 1, H H ; i .
sl AR LR i Attt e .
~ [z 1 4 - > : £ K
! R : $ § H |
; R BiK 11t i H
1 HR N I3 M 1 1 i ‘ :
! ettt s i 11
il I8 || B | HEEHH I
il 15 i -
A i
ilifs i i fiE
il it
i - » .
i :
TR T | ¢
_ " i - =as ’
e i i A
- 321 B
1
Tr._.:-,.-.:...L i V-
} .
L i
ot e gy | -
| - i . H | EEr Eiet IR
m | . n ” : ity
o L] . : T8 [
SR N 1
. ' :
A | :
, ! i 1
LT \ I
M + . -, T |
’
~v:| - vl‘q lvntv.\ -
m o ' i
. ' |
| h_ m s
" _ | ; . ol
. ) N ...‘-.
B | |
) N : .
T_. Ve ees - \ |
- ‘
P CoL : _ 4

! : o . e
e ._ [

! : < an- .»nivivlwl. e LT T RO, JO U

. N T . . 1 , 1

S Co .

L . S . |
g ] w
H vm; “ * : R ... |

_ | |
: . e ) T B
Il ‘ ' . a | B . y |
p— SN . . /.-\. ’ - | |
1 . _ - - -
» - - 1?. - R
. . O -

R S Oy TPy
PR P S T ST B .
o . oy N




w

¢

. o
e wIN et : Hag Mg P g

AT TT S OTRITIN TN A

-

¢

e

[

WL o ki, A

d u—m_.mhwnhhm

2 I

RN

-

BT R s

g

o

+*

R A T IR F RS e

ARC - 374




- . . s N d SR W, TTo. - 7o EEER7 Al ..J”' e

poye oo

T

1

o ode

£

i iy Soowy

g
yuoe

v~

Iafk EE

3
2

#

S ge -

—— e

S ——

r T T
i 3
i
- T
H
: '
1

. Tt B R ™ Yo Py et ¢ . - P . B .



_. I ! i
' d 14
. : t
! i _m. i
A A B i i H
v i £4 r4R L2
. i : . Jit 1
: P : 2 1+ +
i : . A P h & il
S N fee : veefene L m_ g
b : : i w@ :
N B KT ; ' T HEN 2By o8
i o : : X B3
. + R 0 . caepoa - - camaprea b
_” P [ I :
: T - L !
RS U D, N O U U TS S S .
i ot : L _ 3
T EROY SONRE I Ao
! ' ) o |
L. ! | .- 1 . I
e . i b
q_ ) ' i
. : _m : L ' i
NS P NS VRN P U SUUUPIDVU SEUEG SR SO S
R : B '
: . . ,

s

}

! i

jonmme i P :

- M v _ L}
R i NN |
. v {

' - ) : }
,ol.,.i-m At : -
N
! S o
s Treee————— .-:._f...l...l!...rtn

4 i i HE
PR A : .

w
) i
e e L R S O S Y :
T i _ AN I i e e o
AR I PO M P FETN [ R SORNN R .- S U DU SR P PO S
N I A AR NN .
; eennd By RSSOV SHUUE YT S Ly 3 | i i :
! * . m ) : “l , ] _ e ™ : “ : d . NG :
S . »_y / _ O R M TR IR O N TS S S E B
W - _ : h '.-‘I...Vll i IAr B S ! R .N “. »« — — | X . z X : 1 5
; o
- ». . » B
. - t . - N -
. o 3 . : .
. N N N » > . -
» . .
L. N~ . S—r \ . . — . ' : .
R . .
. . .. .
. © N i, edwataene 0t B L )
e - . N -




N
o
'

R e A

P

Y‘” ;

1
|
v
'
i

R s e

t
i
m
i
j

~- vy

podey

e

) Suiipiny I

| Sy

o L s P

o3¢ groey room

[PETY I vy pupus Gyminy Mg gu

PRISS 04

peenesdyed seey

pS $08-4

o

(3924 Spput spies sugen quing) SHUIGY £001d 20008 28003 phped Soesy

Lo LTI

$ -
Hroiin

-

&

Y

By SHY
oReterad Seun Selns SEESe SO SSOTT OIS p994

by

R permy guiuy

SNSEPUUS SEUISY




[P8 TP Sopns
SITRAVII NIl

N I IR

iyt






e ~
- *
-3
Ml
P
t
k]
-k
-5
i
..
» = -
. B
.
hd B
L ~.
. ,.m
¥
M
3
&
. b
b
*
- rd I
- .m.n "IJ h,
LN < E
R
4 5
SR

-
N .
&
. X
1
c i
.
4
- -
. . “ >
. ) . BN L. -
- . . B T - LA oo e —

-~ < - .









ARC- 378"




