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(1)
SUMMARY

Two approaches towards the synthesis of GB 13, a pentacyclic
alkaloid isolated from Galbulimima specles, have been developed.

In the first approach, 1-acetoxy—1,2,5,qrtetrahydro—Gumethoxyh
10-0%0=1 s 3~cthano=naphthalene was prepared by a novel reductive
cyclisation of methyl=l,2,3,,~tetrahydro~7-methoxy=L~oxo-naphthalene~
owacetate. The amnmelation of this intermediate with l-acetylcyclo=-
hexene was unsuccessfule

The second approach was based on a proposed solvolysis of
isoGB 13, a rearrangement product of GB 13. Hydrocyanation of 7, 8,
9, 10, 1Ca, 1Cb, 11, 12-octah&dro-2nmethoxy—6(6aH)—chrysenone with
hydrogen cyanide~diethylaluminium chloride gave Lb-cyano-4b, 5, 75 8,
9, 10, 102, 1Cb, 11, 12-decahydro=2-methoxy-6(6aH)-chrysenone. This
keto-nitrile, which possessed the trans-anti-trans backbone and axial
substituent at C-Lb necessary for the synthesis of isdGB 12, has been
elaborated to the important model intermediate, Lb-diazoacetyl-6,6'-
ethylenedioxy-4b, 5, 6, 62, 7, 8, 9, 1C, 10a, 10b, 11, 12-dodecahydro-

2-methoxychrysene.

EX 3
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The chemistry of twentyeight of the alkaloids isolated from
the Galbulimims species has been extensively irrvestigated1 =9 since
they were first isolated in 1955 by Hughes, Ritchie, Taylor, and

10,11

coworkers., Structural similarities allow the majority of these

alkaloids to be grouped into three classes.
1=3

Class (1) contains four trieyclic lactones which are
simple analogues of himbacine (1) , the major alkaloid of the genus.

Class (2) consists of fifteen hexacyclic estersl"—6 of high
oxygen content which are typified by the alkalcids himandridine (2a),
the major member of the group, and himandrine (20)

The final group of alkaloids, class (3), namely himbadine
(32) ,8 GB 13 (3b) ,8 and himgaline (L,_)9 has fewer substituents than
the other classes, One interesting feature of the members of this
class which initially hindered structural stuvdies was their skeletal
rearrangements; GB 13 for example, undergoes a postulated vinylogous
ketol rearrangement to isoGB 12 (Scheme 1) for which the structure
(5) has been proposed.8 Another important feature is the similarity
of their basic ring structure with that of the alkaloids of class (2)
and this was emphasised when the structure of GB 13 was confirmed
by partial synthesis from the ester alkaloid himandrine (2b)e Because

of this similarity the total synthesis of any alkaloid in class (3)

would also serve as a useful model and/or intermediate for the



( 1) - (23a) R:=OH
(2b) R:=-H

( ) R=C
3a H3

(3b) R=H
synthesis of alkaloids in classes (2) or (3).
With this consideration in mind, attention was focussed on
methods suitsble for the synthesis of GB 13 by a scheme that could

be modified later to incorporate the functionality necessary for the

synfhesis of the ester alkaloids in class (2). This thesis will



Scheme 1.

describe these initial approaches.

Alkaloid GB 13 was chosen as a suitable representative of
class (3) because of its relative simplicity and its unusual rearrange-
ment to isoB 13 A synthetic scheme is outlined later in which iscGB
1% is a proposed intermediate in the synthesis of GB 13. BSeveral
features of the GB 13 structure are readily distinguished as critical
units in the design of a synthetic plan. They are:

(1) the lability of the vinylogous ketol system to mildly

acidic and basic conditions,

(2) the establishment of the eight asymmetric centres in

the natural configuration, and

(3) the incorporation of a bicyclo[ 3.241 Joctane system
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with a bridgehead}[ hydroxyl group within the centre of
a pentacyclic carbon skeleton. This ring system is
unprecedented .

The difficulties associated with the first problem can be
minimised by introducing the vinyl ketol system at the latest stage
possible in the synthetic schemec.

The second problem, the introduction of eight asymmetric
centres, is probably not as formidable as it at first seems because
of the relationships between the various centres. The 8«9 and 19-20
'bonds* are necessarily cis-oriented at 08 and 020 and this defines
the asymmetry at these positionse. The anti-trans backbone of the A,
Be,; and C-rings as shown in structure (3b) represents the most stable
configuration with least H-H interactions and is the most likely to
be formed under thermodynamically controlled conditions. If the

stereochemical relationship between 08 arnd 010 can be controlled, it

# A "bridgehead" group in this thesis will refer to any group
R where x, y, 2 + 0 T
C
4 | A
(C HZ)X (C HZ)Y (C Hz)

E The numbering system used in this thesis
for GB 13 derivatives is that of Mander 4

and coworkers .8. 13




-5 -

should be possible to introduce the correct asymmetry at carbons

8, 9, 10, 15, and 20, Fortunately a simple and attractive solution
to obviate the steresochemical difficulties of the E-ring is also
available, provided that the picoline intermediate (6) is considered;
the molecular model of (6) suggests that adsorption and hence
hydrogenation of the concave molecule on an active catelyst must
occur on the o~face to give the desired stereochemistry at carbons

2) 5, and 60

OH OH

|
® O
(J T

CH3 Illll

(6) (7)

Although a useful precursor to GB 15 stereochemically, the
picoline derivative would te a difficult synthetic cbjectives The
a-hydrogens of 2-alkyl pyridines are very reactive giving rise to
prototropic reactions12 = this reactivity would impede the condensa-
tion reactions necessary to build a molecule of this size. However

this picoline derivative represents a synthon that may be derived
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from a less reactive methoxylated aromatic ring such as that present
in compound (7). A procedure by which this transformation may be

accomplished is suggested by previoﬁs work by Tarlal)e;l3

and Eschen=
1

— Fragmentation of the &,B-epoxyketone (8) with p-tosyl-

hydrazine under mild conditions gave the cyclohexanone (9) in 35%

yield (Scheme 2) .1:'

(8) (9)

Scheme 2

Thus a Birch reduction of the E-ring of the anisole inter-
mediate (7), followed by acid hydrolysis, should yield the a,[f-
unsaturated ketone (10) .15 Epoxidation and fragmentation under
Eschenmoserts conditions“*‘ should give the acetylenic ketone (11)
and after hydrad:ion,13 the diketone (12). &-Diketones, on condensa-
tion with hydroxylamine, yield pyridine clerivativeS.Jl

As the anisole derivative (7) would present fewer synthetic

difficulties than the picoline (6), a consideration of the synthetic



OR OR OR

=

o

0 CH
3
(10) C11) (12)

p
b,

routes to this intermediate is in order.

The construction of +the bicyclo[5.2.1]octanol portion of the
skeleton offers an interesting challenge. A logical approach to this
problem would be the preparation of the bicyclo[3.2.1]octanol with
the aromatic ring attached e.g. (13); this compound would then only
require a functional group at either the C~9 or C-10 position to
develop the A~ and B-rings. Either of the ketols (1) or (15) would
be suitable for this purpose, but (14) appears to be the more attrac-
tive intermediate because condensation with 1-acetylcyclohexene17’18
could be expected to give the desired anisole intermediate (7) in a
single stepe.

There are no reported benzdbicyclo[3.2.1]octan—10—ones with
or without a 1=hydroxyl group and at first glance there seems no
19

obvious or simple way to prepare them, However Gutsche and coworkers

have obtained a related acyloin system (17) by a novel reductive
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OH OH OH

10 )
OCH, OCH OCH

(13) (14) (15)

cyclisation of the keto-ester (16) (Scheme 3). Although this

OH 0
0 COZCH3

(16) (17)

Scheme 3.

reaction gave a low yield of product, it appeared suitable for the
preparation of the ketol (14) from the keto-ester (18) which should
be readily availsble in large quantities by following a sequence
similar to that used by Wj.lkinsonzo for the preparation of the keto-

acid (19).



0 OCH3 0
CH,0 g ‘ COCH, R
cl
= CH
(18) (19) Rz CHCOH
(132) Rz COM

As there is no precedent for the formation of a bridged
system by a reductive cyclisation procedure, the alternative approach
via the ketol (15) cannot be ignored. A survey of the literature
revealed one report of a preparation of a benzobicyclo[3.2.1 ]octan-
9—one.21 Unfortunately this sequence gives the ketone in very low
yield and cannot be modified for the introduction of a tertiaxry
hydroxyl group. However intramolecular condensation of the diketone
(20) , which should be readily obtainable from the acid (21) 5 could

be expected to yield the ketol (15) 22325

The elzboration of the
remainder of the skeleton by established methodszl" would require the
transposition of a functional group to the C-16 positione

A possible approach which introduces the carbonyl group

directly into this position could be based on the reductive cyclisa~
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| dﬁ\
CH30 COCH3 CH30 CO£4

( 20) ' (21)

i
tion™ of a species of the general structure (22).

OH
0
ib OCH,8
)
OCH,
0 0

X=0,0Ts, etc,
(22) { 23)

Part A of this thesis will describe the various approaches
to the synthesis of GB 13 that were developed. Although this route
proved to be unsatisfactory, the synthesis of the most challenging
portion of the molecule, the bicyclo[3.2.1]octanol, has been accom-

plished.

Perhaps the most interesting and informative approach to



]

GB 13 would be via i1sdGB 13, lee. reverse the vinylogous ketol
rearrangement. Not only would this introduce a new approach to the
total synthesis, but it would also confimm the proposed structux‘es
for isdGB 13. As before, in order to simplify the problems involved
in the formation of the heterocyclic E~ring, it would be preferable
to carry out investigations on the anisole derivative (23).

Camphor (24), on treatment with trichloroacetic anhydride,

rearr.‘a.nges2 to 1-trichloroacetoxycamphene (26) as shown in Scheme L.

OCOCCl3
0

( 24) (25)

Scheme L.

Reaction of the diketone (23) under similar conditions should result
in the formation of (26) (Scheme 5) and careful basic hydrolysis of
this would then give the anisole model of GB 13 (e A possible
alternative could be solvolysis of the tosylate (27) to the enone

(28)+ Oxidative coupling27 of the saturated axial alcohol (29) with
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OCH

( 23)

OH OR

O
R
OCH3 OCH3
0

RO OR
(7) (26)

R=COCC
C l3

Scheme 5.

C20 is geometricslly favourable and should provide a useful method

of oxygen functionalisation at the C-20 position.

The basic carbon skeleton of the model compound for isdGB 13

(23) is a dodecahydrochrysen~6-one diaxially substituted in the C=4b
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TsO? ) 20

]
3 |/
(J

( 27) (28)

(29) ( 30)

and C=11 positions eege (20) ,% to enable the formation of the cyclo=-
17

pentanone bridges. Robinson and coworkers have described ' an excellent

method of preparing a suitable precursor, the enone (32), in good yield

£ The chrysenone nmumbering system shovn in structure (30) is

used in this thesis for derivatives of isoGB 13
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by the condensation of 6-methoxytetralone (31) with 1-acetylcyclo-

hexene (Scheme 6) .

R OCH

(31) R=H (32) R=H

Scheme 6.

This enone has the advantage that hydrocyanation with hydrogen cyanide
in the presence of diethylaluminium chloride should give the keto-

nitrile (33) with the nitrile group in the desired axial configura-
148,49,50

tion.

OCH
CN

( 33)
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From this point two broad alternatives are possible for the estab-
lishment of the necessary bridge.

The first is the incorporation of a suitable substituent,
cege acetic ester, in the C~11 position. Such a side chain should
undergo a Dieckmann type condensation with the nitrile group to give,
after acid hydrolysis, the desired cyclopentanone bridge. The
introduction of this C-11 substituent might be accomplished either
by choosing a suitebly substituted tetralone, €ego Scheme 6 where
R = CHZCOZEt, and carrying out the annelation and subsequent hydro-
cyanation on this or by elaboration of the ketonitrile (33)

Another possibility for the introduction of the acetic ester sub-
stituent should be an intermolecular insertion of the carbene derived
from diazoacetic es"t;erl"2 into a double bond in the A11-position. Ring
cleavage of the cyclopropane should then give the desired C-=11 ester
substituent,

The second ahd more interesting alternative for the establishe
ment of the bridge would utilise the recent developments and uses of

diazoketone insertion reactions.29 »50

Intramolecular insertion of

the diazoketone function of compound (34) into the 411 double bond
should give the bridged cyclopropane (35)«  Ring cleavage with hydro-
gen bromide and hydrogenolysis should then yield the desired diketone
(23)e A synthesis of the olefinic diazoketone (34) from the ketonitrile

(33) should be possible by conventional methods.
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ool

0”0
\_/
(34)

=160

0
OCH,
0 0
/
(35)

Part B of this thesis will describe the application of these

synthetic routes towards the preparation of iso@B 13, While the

synthesis itself was not completed, these investigations propound a

possible route to the preparation of the olefinic diazoketone (34)e



DISCUSSION.

PART A, Apvroaches towards the synthesis of GB_13.
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1) Preparation of Ketol (1)) and its Reaction with 1-Acetyl-

cyclohexenc.

Although the synthesis of fused ring acyloins of the type
(17§ by the reductive cyclisation of keto-esters, eoge Scheme 3, is
well established,19 no efforts to utilise this reaction for the
formation of bridgehead acyloins like that required in the synthesis

of the GB 13 model compound have been reported.

(17)

Scheme 3.

The tetralone (18), which is the keto-ester necessary for the formam
tion of the acyloin (1), was prepared from m-methoxybenzyl bromide
by either of two methodse

The first method, which utilised the homologation of the keto=
acid (21) (theme 7) s proved useful because this tetralone also served

as an intermediate in the attempted synthesis of the isomeric ketol



=’ G

CH.O C02CH

(18)
OH OH

CH30 CH_.O
( 14) (15)
(15) (see below). The preparation was modelled on a sequence used
by Mu.xfeldt3 1 for the synthesis of 8-chlorc-1,2,3 sh=tetrahydro=5-meth-
oxy=l=o0x0 -2-naphthoic acid (19a).

Base-catalysed condensation of m-me thoxybenzyl _bromide with
triethylethane~1,1,2-tricarboxylate in the presence of sodium
ethoxide gave the triester (36). Saponification of this with potass-
jum hydroxide yielded the triacid (37) which was decarboxylated to
the knownl1L5 m-methoxybenzylsuccinic acid (38) either by heating to
190° or by refluxing with 50% sulphuric acid for ome hour. The latter
method also afforded a small yield of the keto-acid (21) directly.
This acid was obtained in 82%% yield, however, by treating m-methoxy-
benzylsuccinic acid with polyphosphoric acid, In order to prepare
the homologous acid it was first necessary to synthesise the diazo-

ketone (14.0) and effect a Wolff rearrangement. The keto-acid, when
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Q -
CH Br

COH
<2
H30 (:02H

( 38)

v
KIEL
H30 CO,H

(21)

/E'jé\/co CH

( 18)

Scheme

t
COE
COEt
CH,0
CO,Et
( 36)
v
CO,H
- COH
3
CO,H
( 37)
0
C0.CO
CH.0 C O, Et
( 39)
J@&
CH_,0 COCHN,
( 40 )
7



treated with ethyl chloroformate in the presence of triethylamine’{ gave
a quantitative yield of the mixed anhydride (39). The diazoketone (40)
was then obtained by allowing this a.nhydride52 to react with diazo-
methane., Subsequent rearrangement of (40) in methanol in the presence
of silver oxide gave the desired keto-ester (18) .

The same product was obtained more conveniently and in better
yield from the sequence outlined in Scheme 8.20

Condensation of memethoxybenzyl bromide with diethylmalonate
in the presence of sodium ethoxide gave E—methoxybenzyldiethylmalonate
(11). Reduction of the diester with Ilithium aluminium hydride in
ether afforded a good yield of the diol (42) after the granular pre-—
cipitate of aluminium oxide, obtained in work-up, had been exhaustively
extracted with hot ethanol. The methanesulphonate ester (43), formed
from the diol and methanesulphonyl chloride in the presence of pyridine,
was treated with potassium cyanide and the product hydrolysed with base
to B—I_r_l-methoxybenzylgluta.ric acid (44). Treatment of this diacid with
concentrated sulphuric acid followed by esterification gave the desired
keto=ester (18).

Initial investigations into the reductive cyclisation of the

keto-ester were carried out using the conditions devised by Gutsche and

c:owo::‘]ms:rs.19 It was found, however, that this reaction proceeded in

# ¥ Keto acids are known to form chloro-lactones on treatment with
: [
thionyl chlon:'ide;)1 mixed anhydrides avoid this complication because they

are formed under essentially neutral conditions.



I\ - o A
H.0 t
CH,0 CH, Br CH, COE

( 41)

v
OMs OR
QL e, LI
OMs OH
HO
o 3 CH30
( 43) ( 42)
v 0
_ | CO,H
_—
S TL\V/ CO_H
CH30 . COZH CH30 2
(4b) ( 45)
v
0
CO.CH
CH30 23

(18)

Scheme 8



slightly higher yield by using dimethoxyethane as solvent in place of
tetrahydrofuran, Another useful modification was the quenching of the
reaction mixture with acetyl chloride, instead of acetic acid, to give
the more stable crystalline keto-acetate (46). Thus, treatment of the
keto=ester (18) with sodium and naphthalene in dimethoxyethane (Scheme
9}, followed by work—up with acetyl chloride, gave an olly mixture

which could not be completely separated into its components by column

chronato graphy. Fortunately a solid crystallised from some of the

0
CH O COZCH3
3
(18)
2\
0
OAc 0
OAC
+ m\)
CH30 CH30
( 46) ( 47)

Scheme 9.
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fractionse The infrared spectrum of this material showed the absence
of the aromatic ketone band at 1670 cm-.1 ard the presence of bands at
1750 and 1735 cm"‘1 corresponding to the carbonyl frequencies of an ace-
tate and a cyclopentanone, Mass spectrometrys NoMeXs, and analysis
confimmed the structure as that of the keto-acetate (16)e The yield
was only &%, Other impure fractions, exhibiting carbonyl frequencies
at 1750 and 1670 cm""l in the infrared spectrum, were believed to contain
the compound (47) e

In explaining the mechanism for this reaction, Gutsche aLssumed.1
that the reductive cyclisation of keto-esters was initiated by the addi-
tion of an electron to the ketone group. He postulated that it was
easier to add a second electron to the ketone radical anion than to
the ester, which had a higher redox potential, and that the coupling
step proceeded via a nucleophilic displacement by the ketone dianion
on the carbonyl group of the estere. However the formation of products
of the type (47) in the reductive cyclisation of the keto-ester (18)
suggested that the mechanism for this reaction took a different course.
The presence of both acyloin (46) and uncyclised keto-acetate (7
indicated that the addition of electrons was occurring at both the
ketone and ester groups. In this series, then, the presence of an aro-
matic ring with an electron-donating methoxyl substituent has increased

the value of the redox potential of the ketone and equated it with that

of the ester group. Although the addition of two electronsié to either

# An equally feasible mechanism involving one electron addition may
also be postulated.
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function should give the acyloin product, it would be difficult for

the ester dianion to cyclise with the ketone function (Scheme 10)
because of the decreased electrophilicity of the aryl ketone, Instead,
protonation of the ester dianion and further reduction would yield the

observed uncyclised productse.

CH.O

e

] 0y
(|C—0CH & C-0CH,
— e
CH30

Scheme 100
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These observations posed an interesting question; whether
removal of the methoxyl group would increase the amount of acyloin
obtained? To anewer this, it was first necessary to prepare the ben-
zene keto-esster (51;.).

This ester was prepared by methods similar to those used for
the methoxyl derivative (18) but with a few minor modifications,
Haworth and coworkerso2 have synthesised the ketowacid (51) in 30%
overall yield from diethylacetylsuccinate and benzyl chloride, but the
method outlined in Scheme 11 gave (51) in 4,9% yield., Benzyl bromide,
on condensation with triethylethane-1,1 s2=tricarboxylate in the
presence of sodium ethoxide, yielded the triester (48) e Basic hydroly-
sis of this, followed by acidification, gave benzylsuccinic acid (19) .
However in contrast to the methoxyl series, treatment of (19) with
polyphosphoric acid afforded only a low yield of the keto=acid (51).
It was preferable to follow Haworth's conditions for the cyclisation
and convert the diacid to the anhydride (50) and then carry out a
Friedel Craft intramolecular acylation with aluminium chlorides A
second, isomeric acid, identified as the indanone (52), was 2lso iso=
lated from this reaction in low yield. Treatment of the keto=acid
(51) with oxalyl chloride, followed by diazomethane, gave the diazo-
ketone (53) which underwent a Wolff rearrangement with silver oxide
and methanol to the keto-ester (54) »

The same ester was also prepared by the sequence outlined in

Scheme 8 using benzyl bromide in place of m-me thoxybenzyl bromide.
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CO,E
= CO.Et
CH_Br 2
2 CO,Et
( 48)
0
)
COH
= @\j\
I CO,H
( 50 ) ( 49)
Vo 0
@ﬁ .
co M COH
(5l) e
VO . 0
O‘ ~ @ij\/ H
COCHN, COZC 3
( 53) ( 54)

Scheme 11
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Reductive cyclisation of this ester, employing the same condi-
tions as for the methoxyl species, gave a much improved yield (197) of
the acyloin (55) (Scheme 12). Thercfore, it would appear that the
redox potential of the aromatic ketone function is fundamental in de-

termining the success of this reaction.

0 oR A
>
COZC,H3
( 54) | ( 55) R:COCH3
(55a)R=H
Scheme 12,

Although this cyclisation proceeded in low yield, it represented
a convenient preparation of the required bicyclo[3.2.1 ]octanol, because
of the ready availability of the starting material and the simplicity
of the reduction.

Since the ketow-acetate (55) was available in larger quantities
than the anisyl derivative, its condensation with 1-acetylcyclohexene
in fhe presence of sodium amid.eJl8 to elaborate the model enone (56) was
investigated first. Unfortunately this reaction was unsuccessful, as

it was found that prolonged reflux of (55) with sodium amide in ether,
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OAc
OAc
J0
1)
0 0
( 56)

followed by addition of 1-acetylgyclohexene resulted in the recovery
of the 1-acetylcyclohexene and an impure product, possibly the acyloin
(552)s This failure to effect the condensation is probably due to
reaction of the base with the acetate group to form the alkoxide which
would inhibit the formation of the enolate anion. With this in mind,
the preparation of the tricyclic ketone (57) with no bridgehead
hydroxyl function was initiated. If the condensation of this with 1=
acetylcyclohexene proved successful, the hydroxyl group might be
introduced at a later stage.

One possible way to synthesise this ketone was by a Dieckmann
condensation of the diester (58) which was prepared by the sequence
shown in Scheme 13« A Wittig reaction on the keto-ester (54) with

triphenylmethylphosphoniun iodide in the presence of potassium t~butoxide



0 CO.CH

COCH
2C3

( 57) (58)

gave the methylene ester (59).

Hydroboration of this olefin at room temperature, followed by
oxidative work-up with hydrogen peroxide-sodium hydroxide gave a mix=
ture of the diol (60) and some hydroxy-ester (61)e. When the hydro-
boration was carried out at Oo, the hydroxyester was the major product.
The mixture was not separated but oxidised with Jones reagent and then
esterified with methanol and a trace of acid., A mixture of esters was
obtained and this was chromatographed on silica gels Partial separa—
tion was achieved and the required diester (58).was obtained in 21%
yield together with a much higher yield ( ~50%) of the keto-ester
(54). This byproduct presumably arose from oxidation of the enol fomm
of the aldehyde, ioce (63) - the intermediate in the oxidation of the
primary alcohol to the acid, Preatment of the crude diester (58) with

sodium hydride gave the cyclised keto-ester (62) which was hydrolysed
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Vv

002CH Co CH3

( 54) (59)

C 02C H C H20H

-+ <
( 54) CO.CH

w
LY
W

2

(58) ( 60) R:CHZOH

( 61) R:=CO CH3

o)
Vv
o

CO,CH

( 62) (57)

§Eheme _1_3




COH

(63)

and decarboxylated to the tricyclic ketone (57)s This was charac-
terised as its semicarbazone derivative. The infrared spectrum of
(57) had the required carbonyl frequency at 1735 cm-1 for a cyclo-
pentanone and the nemer. spectrum was consistent with the proposed
structure,

A1l attempts to condense the enolate anion of this ketone with
{=acetylcyclohexene failed, and only starting materials were recovered,
Therefore, although 1-acetylcyclohexene is a useful compound for the

17,48

anmelation of some ketones, it would seem from this work and that

of others that such condensations are impractical when the ketone is
hinﬂered17 or stra.i.ned..33
With this effort frustrated, attention was concentrated on

the alternative route to the model compound of GB 13 (7) via the

ketol (15).



2) Attempted Preparation of Ketol (15)_.

OH 0
CH.O
3 CH,0 COCH,

(15) ( 20)

An obvious way to synthesise the diketone (20), which was
required for the preparation of the ketol (15) by an intramolecular
22,23

aldol cyclisation, was from the already available ketowacid (21).

-
CH.O COZH CH30 COCHN2
( 21) (40)

A1l attempts to protect the aromatic ketone group in (21) as

the ethylenedioxyacetal both in the methoxyl and the benzene series



=33

failed, because of the low reactivity of these ketones to nucleophilic
attack.3)+ Therefore, to convert the acid to a methyl ketone group, it
was necessary to employ a method which would allow the survival of the
aromatic ketone group, and to this end, the diazoketone (40) » prepared
previously, was treated with hydriodic :aLcid35 to afford an excellent

yield of the diketone (20).

0
OH on
— O‘
COEt
CHCL, co £t CHCL,
( 64) ( 65)
.z_/
Vv
0 OH
0
o
| -+
A 0
CHeL, cHe,
( 66) ( 67)

Scheme 140
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Wenkert and Stevensz3 have carried out an intramolecular aldol
cyclisation on the tetralone (64) and obtained the aldol (65) in 35%
yield (Scheme 14)e Acid hydrolysis of (65) yielded an equilibrium
mixture of diketone (66) and ketol (67) in the ratio 3:1. The attempted
aldol cyclisation in the present case using potassium hy'droxide,22
potassium t-butoxide or borontrifluoride etherate~acetic acid—acetic

za.nhydride3 6

failed both for the diketone (20) and its desmethoxy
analogue (72). The last set of conditions which was successful in the
synthesis of the highly strained twistanone (68) ,36 gave only the enol-

acetate (69) and starting material. Intramolecular condensation of

AcO 0 o
COCH
[ I ] 3
A
CH,0 o %% chp
|
0 CH

3
(68) (69) (70)

the homdogous methyl ketone (70) also failed. The success or failure
of this 2ldol cyclisation would appear to depend on a nunber of factorse.
Wenkert's work illustrated that the aromatic ketone function, at least
in the benzene series, was sufficiently reactive to undergo this type
of reactions From this it seemed that other factors were involved in

the failure of the ketol (71) to fommn.



COCH3

(71) (72)

The isolation of an equilibrium mixture of diketone (66) and
aldol (67), which favoured the open form, suggested that these aldol
cordensations were thenmnodynamically controlled; in the present case,
the diketone (72) would be the more stable, and therefore, the expected
product. Another possible explanation was that the reaction did not
proceed at 2ll because of a combination of two effects, steric come
pression and the low reactivity of the aryl ketone. Whatever the
correct explanation, the likelihood of an aldol condensation proceeding
in the anicole diketone (20) seemed very remote.

This phase of the work was terminated when the isoGB 13
approach, which is described in the next section, showed particular

promiseo



DISCUSSION.

PART B, Approaches towards the synthesis of iscGB 136
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The basic carbon skeleton of the model compound for isoGB 13
(23) was a dodecahydrochrysene diaxially substituted in the C-Lb and

C-11 positions and with a ketone group in the C-6 position, e.ge (30).

OCH
3

6
0

(23) ( 30)
The key reaction to the synthesis of this skeleton was the annelation
of an Otetralone, €«ge .(75) , with 1-acetylcyclohexene in the presence

of sodium arnide17’18 to give the enone (74) (Scheme 15). It was

R R |
pOS)
O
0 0
(73) R=R=H (74) R=R=H

(31) R=OCH_, R=H (32) R=0CH,, R=H

3’ 3°

Scheme' 15
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reasonable to assume that this reaction, because of the conditions
used, would be thermodynamically controlled and therefore lead to the
most stable product, The molecular model of structure (74) showed
that the anti-trans backbone not only represented the most stable con-
figuration with the most favourable non=bonded interactions, but also
allowed maximum overlap of the T-orbitals of the conjugated enone.
Fortunately this anti~trans backbone was the one required for the model
compound of isoGB 13 (23).

The work described in this section is concerned with the methods
that were developed for the construction of the rings B and C sub-
stitution patterns, initially on the model compound (74) s but later on
the anisyl derivative (32). !

One possibility for the construction of the C-11 sidechain
involved attachment of a suitable group R' to the tetralone and cone
densation of this with 1-acetylcydohexene to give the substituted
enone (Scheme 15). A primary alcohol, protected as the tetrahydro-
pyranyl ether, was chosen as a suitable group R' because of its stabil-
ity to base and also the ease with which it could be oxidised to a more
useful carboxylic acid funclion.

Reduction of the ketowacid (15) from the previous section with
1ithian aluninium hydride gave the diol (75) (Scheme 16) o Selective

oxidation of the benzylic alcohol group37 with activated manganese

dioxide in acetone produced the ketol (76) and subsequent treatment
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of this with dihydropyran and a trace of acid yielded the tetrahydro-

pyranyl ether (77).

0 OH
~ OH
COH e 5
CH,0 i
{ 45) (75)
V
L O
0 0 OH
.
CH,0 CH,0
(77) ( 76)

Scheme 16.

All attempts to condense the enolate anion of this tetralone

with 1-acetylcyclohexene failed and only starting materials were
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recovered. In accordance with the observations in Part A of the Dis-
cussion, this failure would be due to the tetrahydropyranyl ether side-
chain hindering the approach of the 1macetylcyclohexene to the enclate
anione.

The sterecoselectivity of the hydrocyanation of oy Bunsaturated
ketones with an alkyl aluminium compound a.na hydrogen cyanide or a
dialkyl aluminium cyanide has been demonstrated by Nagata and co-

U8549550  peiv results suggested that this reaction would be

workers;
suitable for the introduction of the C-Lb substituent in the model

enone (74) which was synthesised from the readily available oa~tetra~
lone (73) .Jl8 Difficulties were expected, however, in the hydrocyana~
tion of this enone with triethylaluminium and hydrogen cyanide because
of the presence of the aromatic ring. Not only would this additional
conjugation decrease the electrophilicity of the 4b carbon atom, but

it would also increase the base-induced reverse reaction of the keto-
nitrile (78) %o the enone (74) because of the stability of this system.
Fortunately Nagata found22 that the less basic diethylaluminium chloride
overcame these difficulties and he cbtained nitrile compounds from
similar aromatic enone systems in good yields. When this modification
was tried on the emone (74), the keto-nitrile (78) was obtained in 65%
yield. An inspection of a molecular model of the keto-nitrile with

the desired trans-anti=-trans backbone showed that this configuration
placed one of the C-5 methylene hydrogen atoms in the plane of the

aromatic ring. In accordance with this requirement, the nem.re
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spectrun of the keto-nitrile obtained from the hydrocyanation showed an
B quartet at d 2455 and 3.38, J = 14 Hz for the C-5 methylenes. At
this stage then, the C~4b axial substituent for the formation of the
cyclopentanone bridge had been realised and the next objective was the

introduction of the C=11 functional group.

SCN CN

(78) (79)

CN

(80)

Scheme 176
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Benzylic oxidation of the keto-nitrile (78) to the diketo-
nitrile (79) with chromiun trioxide in 95% acetic acid, followed by
selective protection of the aliphatic ketone as the ethylcene dioxy-
acetal, gave compound (80) (Scheme 17)e Attempts to formylate (80)
by modification of the method of Turner and ccworkers38 with ethyl
formate and sodium ethoxide failed, as did similar attempts with sodium
hydride under forcing conditions. Moreover, only starting materials
were recovered when the enolate anion of the ketone group, formed by
treatment of (80) with sodium amide, was allowed to react with ethyl-
bromo=—acetate. The failure of this ketone to react under these condi-
tions may be compared with the inability of the tetrahydropyranyl ether
(77) to condense with 1-acetylcyclohexenes In the present case, the
axial nitrile group would further hinder the C=11 position, which may
be compared with the hindered C-11 position of steroid moleculeso
Having failed in these attempts to introduce a C-11 functional group
in the model series, it was considered desirable at this stage to

attempt the hydrocyanation of the less reactive anisyl enone (32) »

“ OCH3 OCH3

0 0
(32) ( 33)
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Treatment of this enone with hydrogen cyanide-diethylaluminium
chloride under the same conditions as those used for the benzene enone

(7,) (chart 1, reaction 1), gave the keto-nitrile (33) in only 51%

yielde
Cha.rt 1 °
Reaction mole ratilo e % Yield
IO HON E,A1C1 (Hours)
1 1 5 7 L8 54
2 1 2.6 2e7 120 89

The recovery of a considerable amount of starting material (~35%) in
a reaction where a large excess of reagents was used, suggested that
the reaction may have been interrupted before completione When the
enone was allowed to react with considerably less reagent (reaction 2)
for a much longer time, an excellent yield of the keto-nitrile was
obtained.

With the keto-nitrile available in large quantities by this
modified hydrocysnation reaction, other methods were sought for the
introduction of the C~11 substituent.

Since a functional group could not be introduced into the

hindered position by conventional condensation reactions, it was thought

that a suitable substituent might be realised by the insertion of a
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reactive carbene species into a double bond in the A11~positione
Recently House achieved angular alkylation in an indane system by
the insertion of ethyl diazo-acetate into a double bond in the presence

k2 subsequent cleavage of the cyclopropyl ester

of copper sulphate;
gave the desired angular acetic acid residue. This sequence seemed
ideally suited for the introduction of an acetic ester functional
group at C=11, The olefinic lactone (81) was chosen as a suitable
substrate for this insertion because the lactone group would not only
conveniently protect the C-lb and C-6 functional groups, but also
sexve as a useful group to undergo a Dieckmamcondensation with a C-11
acetic ester substituent. This should give the desired cyclopentanone
bridgee.

A successful approach to the olefinic lactone (8y) was
initiated by the reduction of the keto=nitrile (33) with sodiim boro-
hydride. The lower ‘energy transition state for this reduction should
involve approach of the hydride ion from the side opposite the nitrile
group to yield the P~alcchol. This would then a2dd to the nitrile
group to give the imino-lactone (81). In fact, reduction of the keto-
nitrile (33) with sodium borohydride yielded the imino-lactone (81)
exclusively (Scheme 18). Acidic hydrolysis of (81) produced the
Jactone (82). Benzylic bromination of this to the bromo-lactone (83)

with N-bromosuccinimide, and subsequent dehydrobromination of (83)

with calcium carbonate in refluxing dimethylformamide, gave the olefinic



J\/\ OCH OCH
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/
0 0
( 33) ( 81)
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OCH
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< —
Cco co
/
0 0
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OCH3
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/
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Scheme 18
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lactone (84) in 95% overall yield from the lactone.

When the olefinic lactone (84) was treated with ethyl dilazo=
acetate in the presence of copper powder, only unreacted starting
material and a mixture of ethyl fumarate and maleate were isolated,
suggesting that the Ali~olefin was too hirdered for an intermolecular
insertion reaction.

Nevertheless, prospects of an intramolecular insertion29
occurring in the compound (34) appeared excellent, because the carbene
species would be positioned directly sbove the double bonde This inser-
tion should give the bridged cyclopropane (35)+ Ring cleavage with

hydrogen bromide followed by hydrogenolysis should then yield the model

compound for iscB 13e The most likely precursor of the diazoketone

0

OCH

9 \__J

( 34) R=COCHN2

( 3%)
( 85) R=C02H

(34) was the olefinic acetal acid (85) and this became the next syn-

thetic objectives
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Initial investigations into the hydrolysis of the nitrile
group of the benzene keto-nitrile (78) demonstrated that this reaction
was unsuitable for the preparation of the carboxylic acid function.
Some elimination of hydrogen cyanide occurred, presumably via the
enolate anion (86), to give the enone (74). The other product was
the very stable lactamol (87) (Scheme 19). Since the C~6 ketone
group influenced the formation of both these undesirable products, it
was protected as the ethylene dioxyacetal. However, the nitrile group
in the compound (88) of the anisyl series could not be hydrolysed even
wder the extreme conditions of potassium hydroxide in ethylene glycol
at 1900. In contrast to this, the ease of hydrolysis of the keto-
nitrile (78) may be rationalised in terms of the addition of hydroxyl
ion to the C-6 ketone and intramolecular attack of the nitrile group
as shown in Scheme 20,

Another possible preparation of the carboxylic acid function
at the C-Lb position should be by oxidation of an aldehyde groupe.

Nagata39

has successfully reduced 2 hindered nitrile group to the
aldimine with lithium aluminium hydride. Since complete reduction to
the amine would have involved the conversion of an P, hybridised
aldimine to a more bulky sp3 species, the reaction stopped at the
aldimine., Hydrolysis of the aldimine followed by oxidation should then

yield the desired acid function.

Reduction of the acetal nitrile (88) with lithium aluminium
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hydride produced the aldimine (89) and subsequent hydrolysis of this
with sodium acetate-buffered acetic acid gave the acetsl aldehyde

(90) (Scheme 21). Attempts to oxidise this aldehyde group under
basic conditions using either silver oxideho or potassium.pennanganatehj
foiled. I+t became obvious that more forcing conditions were required,
but first it was considered preferable to remove the acetal groupe.

An attempt to carry this out by exchange with acetone using p-
toluenesulphonic acid as catalyst gave a surprising product, believed
to be the keto-acetal (91), i.e. acetal exchange between the ketone
and the aldehyde group had occurred. The infrared spectrum of the
product showed the absence of the aldehyde C —H band at 2680 cm.—1
and the aldehyde carbonyl band at 1720 cm.-1 but indicated the presence
of a carbonyl band at 1700 an“. The product was too insoluble for an
NeMers spectrum to be determined, but the mass spectrun showed an
NL03H502 peak, iec. loss of the whole acetal side chaine In compari=
son, the mass spectrum of the acetal aldehyde (90) showed the presence
of an intense (M~1) peak followed by loss of carbon monoxide.

No sound explanation can be offered to account for the transfer
of the acetal to the more hindered aldehyde group as the reaction could
not be repeated. Later reactions of the acetal aldehyde with acetone
showed no acetal exchange either with the aldehyde group or with the

acetone.

Treatment of the acetal aldehyde (90) with 3% hydrochloric
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acid in tetrahydrofuran did not yield the expected keto-aldehyde but
instead gave the aldol product (92) (Scheme 21), which was charace
terised as its acetate, The compound proposed as the keto=acetal (91)
also gave the same aldol product under these conditionse

A _successful approz;sh to the olefinic acetal acid (&) was
achieved by elaborating the readily available olefinic lactone (84) »
Using the saturated lactone (82) as a model, it was found that treate
ment of this with sodiwm hylroxide, followed by careful acidification
at 0°, gave the hydroxy acid (93) (Scheme 22)« An inspection of its

1 for

inf'rared spect:_rum showed t.he required bands at 3200 ard 1660 cm
the hydroxyl and acid functions respectivelye Oxidation of (93)
with Jones reagent at 0° , and siubsequent careful work-up, did not

give the desired keto=acid (94) but the la}.ctol (%5). No equilibrium
between the lactol and keto—acid was observed. A modification of

this sequence which avoided this lactol formation was then carried out
on tre olefinic lactone (8L).

Cleavage of the lactone ring of (8y) with base followed by
careful  acidification, .gave the hydroxy-acid (96) which was immediately
esterified with diazomethane to the hydroxy-ester (97) (Scheme 23).
Oxidation of this with Jones reagent gave 2 mixture of products.

Some keto-ester (98) crystallised from-the mixture; the remainder
was treated with ethylene glycol and p~toluenesulphonic acid. Careful

chromatography of the resulting mixture on alumina gave the acetal
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Scheme 22,

ester (99) and two other products.

The major byproduct had infrared

absorption bands at 1725, 1655, and 1630 cmmjl , which suggested the

presence of the ester and a conjugated ketone groupe. The nem.r. spec-

trum showed the presence of an ethylene dioxyacetal group at dL and



Scheme 23
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a doublet at 6.5, J = 1,5 Hz (allylic coupling) integrating for one
hydrogen., This spectral data is consistent with the proposed struc-
ture (100), and the mass spectrum and analysis confimed it. The
structure of the minor byproduct was not investigated. One plausible
reaction sequence for the surprising formation of (100) from the keto-

r4
ester (98) is outlined in Scheme 24. Allylic oxi dation5) of the C-10b

Scheme 2l.e



55

position of (98) would yield the chromate species (101) . Nucleophilic
attack on the Ali-olefinic bond by water might then give the benzylic
alcohol (102) which would undergo further oxidation to the enone (100) «
When the olefinic lactone (8)) was treated with Jones reagent
under similar conditions, no reaction occurrede. This suggests that
the mechanism proposed in Scheme 2). is oversimplified and that the
ester group must be implicated in the formation of (1C0) either by
coordination with the chromic acid or by direct involvement in the

reaction itself's

OCH

CN

00
J

(88)

The failure of the nitrile group of the acetal-nitrile (88)
to hydrolyse even under forcing conditions did not augur well for the
hydrolysis of the ester (99) and difficulties were expecteds However,
treatment of the ester with potassium hydroxide in ethylene glycol at

180° ard careful acidification geve the desired olefinic acetal acid

(8) in &% yield (Scheme 25) e
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Scheme 5.

Although the hindered nature of the carbonyl function attached to C=Lb

did not affect this hydrolysis, from here on it presented repeated

difficultiese
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Treatment of the sodium salt of the acid (85) with oxalyl
chloride at 0° for one hour showsd no appreciable formation of acid
chloride (1C3). When the reaction time was increased to three hours
at room temperature, some acid chloride was ohserved (ba.ncl at 1780 cm-'1
in the infrared spectrum) together with unreacted acid and a consider-
able amount of product believed to be the result of opening of the
acetal and further reaction with oxalyl chloride. When this mixture
was allowed to react with diazomethane for periods of up to 96 hours,
only trace amounts of diazoketone were isolatedif Treatment of the
acid with oxalyl chloride in the presence of pyridine under more
forcing conditions gave similar undesirable products which would not
undergo any reaction with diazomethane. With this effort frustrated,
s search for other methods of diazoketone formation was initiateda

The most promising approach seemed to be that of Wolf and

L1

Hendrickson '~ who prepared diazcketones by treatment of activated methyl

ketones with tosyl azide (Scheme 26).

# This result is in direct contrast to the attempted formation
of the diazoketone from the hindered carboxyl group in Qemethyl-
podocarpic acid. In this case, the acid chloride forms readily but

L3

will not undergo reaction with diazomethane.



R-CO-CH, —>

(iHO
R-CO-C-N=N-NH-Ts
~J v

R—CO—CHZ—-CHO

The feasibility of utilising this method was tested on the more readily
available acetal aldehyde (90).
methyl megnesium iodide gave the alcohol which was immediately oxidised

to the methyl ketone (10y) with Jones reagent (Scheme 27)s Formylation

Scheme 26,

&;

——> R-CO0-CH=CH

(|3H0
R—C 0~CH-N=N-N~Ts

& —
R-CO-CH=N=N + Ts-NH-CHO

To this end, treatment of (90) with

of the methyl ketone with ethyl formate in the presence of sodium
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hydride gave the O=keto=aldehyde (106) « The presence of the enol
group was confirmed by a positive ferric chloride test and an inspec-
tion of the infrared spectrume The crude a~keto~aldehyde was treated

directly, without further purification, with tosyl azide and sodium



hydride and the crystalline diazoketone (106) was obtained.

The preceding work demonstrates an efficient method for the
introduction of a diazo=acetyl function into the hindered C~4b position
of a model compound for iscGB 13e This method should be readily adap-
table to the olefinic methylketone (107) to allow for the synthesis
of the diazoketone (3L), a useful precursor in the synthesis of the

isoGB 13 model compound (23).

OCH
T I

0 0 Q9
_J ./

( 107 ) (34)

OCH

\_/

(23)
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GENERAL.

Melting points were determined on a Kofler heating stage and
were uncorrected. Ansalyses were carried out by the Australian Micro-
analytical Service, Melbourme.

Infrared spectra were determined with Perkin-Elmer 337 and
Unicam SP200 instruments and the infrared absorption mexima refer to
Nujol mulls, unless otherwise specified. Ultraviclet spectra were
recorded in ethanol on a Perkin-Elmer 137 instrument. All mass spectra
were deternined with an Hitachi Perkin-Elmer RMU 6D double focussing
mass spectrometers The nuclear magnetic resonance spectra were record-
ed on Varian DA=60-IL and T60 spectrometers operating at 60 me/s using
approximately 10% solutions in deuterochloroform unless stated other-
wises Each signal is described in terms of multiplicity, intensity,
chemical shift in pepeme from tetramethylsilane, assigment and coupling
constants in Hz in that order with the use of the following abbreviam
tions: s, singlet; d, doublet; +t, triplet; q, quartet; m, multie
plet; (b), broad. Signals due to OH disappeared with D0.

Whatman SeG 31 silica gel was used for column chromatography
and 1light petrcleum refers to the fraction of Depe 60--80°.

Compounds were identified Dy meDe, mixed mepes and a comparison
of their infrared spectra. The expression "work-=up in the normal
mammer” implies that the organic layer was washed with water, dried

over anhydrous magnesium sulphate, and concentrated under reduced



pressure.

The preparations and reactions described in the experimental

are listed in their order of appearance in the discussione
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PART A,

1, Prevaration of Ketol (1)) and its Reaction with 1-Acetyl—

cyclohexene.

Triethyl-3 ,memethoxyphenyloropanc=1,2,2-tricarbexyl ate (,"ﬁ-S_l.

A solution of sodium ethoxide (prepared from 8.8 g of sodium)
in ethanol (200 ml) was slowly added dropwise to a vigorously stirred,
ice-cooled solution of m-methoxybenzyl bromide (517 g5 0,26 mole) and
triethylethane—1,1,2-tricarboxylate (63 g, 026 mole)s Stirring was
continued for one hour at roam temperature before water (700 ml) was
added and the organic layer separated. The aqueous solution was ex—
tracted with ether (3 x 200 ml) and work-up in the normal manmner
afforded a yellow oil. Distillation under reduced pressure gave the
triester (36) (86.1 g, 93%) as a clear oil, bep. 172° at 0.8 mm
(Found: C, 62.3; H, 72 C19H2607 reqires C, 6213 Hy 742%) e M ax

223, 278 nm, € 8100, 1800; x (£ilm) 1730 e (ester); nemeTs

vV
m
Spectm (CCIL‘.): My, l"H’ 6.),{-2"7.10, zromatic H; My 6H, 3.87"‘[{-.35,

3x "O_C_:_I_'ZZCHj; s, 3H,; 3468, "O_QE;; sy, 2H, 323 03"‘1{2; Sy 2, 270,

C1"H2; t, 91{, 1.23, 3 X -OCHZQ‘EB, 79

meMethoxybenzylsuccinic Acid (38) o

The triester (36) (86.0 g, 0.2} mole), potassium hydroxide
(6640 g, 1018 mole) and absclute ethanol 6C0 ml) were refluxed with
g

stirring for 16 hours. The reaction mixture was then cooled, diluted



with water (11) and the ethanol distilled off at atmospheric pressure.
Acidification with concentrated hydrochloric acid and cooling deposited
a white solid. Recrystallisation from aqueous ethanol gave 56, g
(86%) of the triacid (37) as colourless needles, Mope 168-170°; M paxe
208, 221, 275, 281 nm, € 10000, 8000, 3400, - 3000; Voax 1700 cm'"1
(acid); nemere spectrum (d6 DMSO): s(b), 3H,~115, 3 x COOH; m, LH,
650~7.37s aromatic H; s, 3, 3.73; -O_(_l_f_{.j; s, JH, 3.23, C}-Hz, s, A,
208, C1wHZo

The triacid (37) (5.0 g) was heated at 190° until the evolu-
tion of carbon dioxide ceased. The oily residue was crystallised from
acetone=light petroleum to give a gquantitative yield of m-methoxy~
benzylsuccinic acid mepe 150-—1310,(15.1:.!*5 MeDo 151—1320) (Found: C,
60+8; H, 5.8. C12H“+05 requires C, 60.5; Hy 5.95) Npase 2085 2215
27, 281 mm, € 7900, 7000, 1900, 1800; v__ 1700 . (acid);
nemers spectrum (d6 DMSO): s(b), 2H, ~11.5, 2 x -COC0H; m, 1H,
65 3mT7e0, aromatic Hy s, 3H, 3.77» -O_Q.I_%; m, 5H, 2.20=3.30, ali-

phatic H.

12223 :"+"TetE.'?.‘.hifdl"o"7‘%‘3}:??.9.-}2\.&'31;:?2?9.??;:’1%2&?@939.&?}.@...(.2_.1_,1 .

The triacid (37) (5.0 g) was heated at 190° wntil the evolue
tion of carbon dioxide ceased. After cooling, the syrupy diacid (38)
was mixed with polyphosphoric acid (20 g) and heated to 900 for one
hour with occasional stirringe, The dark-brown mixture was then cooled

to 60° and digested in water (100 ml). Further cooling in an ice-
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bath deposited 3.4 g of dark yellow solid which was recrystallised
from aqueous etianol (charcoal)e The ketowacid (21) (3.2 g, 82%) was
obtained as colourless needles, mePe 204-—2060. An analytical sample,
MePe 206—2080, was recrystallised twice from ether (Found: C, 65.8;
H, 560 012H1202+ requires G, 65.5; Hy 5.5%)s A .. 211, 226, 277 nm,
e 12000, 12000, 14000; v___ 1710 (acid) 1635 el (ketone); nm.re
spectrun (36 DMSO): s(b), 1H, 8.7 -COOH; d, 1H, 7.32, c5-H, 10; 4,
1H, 6.83, C6-H, 10; s, 1H, 6.78, C8d; s, 3, 3.82, -OCH,; m, 5H,

5
2.1}’3 olp’ aliphatlc He.

3-Diazoacetyle3 h-d ihydro=5-msthoxy-1 L?H_} ~naphthalenone (4L0) .

A solution of the keto—acid (21) (5.0 g, 0.023 mole) in

ether (100 ml) and triethylamine (2.3 g, 00023 mole) was cooled to

0° with stirring and a solution of ethyl chioroformate (246 g, 0e02L
mole) in ether (10 ml) added dropwise cver 15 minutes. The mixture
was stirred at o° for 10 minutes more, then at roam temperature for
one hour. The triethylamine hydrochloride was filtered off, and the
filtrate concentrated under reduced pressure at room temperaturee The
residue slowly crystallised on standing to yield 6.5 g of the mixed
anhydride (39) meps 57-60"; v__ 1800, 175 (-00-0-000B%), 1670 —
(ketone); nemere spectrum (CC:LA.)’ d, 1H, 78, C5-H, 8.5; d‘ of d,
1H, 6.7, C6-H, J5’6 85 s J6,8 2.5; s, 1H, 6,63, C8-H; q, 2H, 425

"OEI_E.I_ZCI_IB, 7; Sy 3}1, 3.80’ 'OQ‘IEB; My 51{’ 2.57—3.33, aliphatic }1; 't,



ZH, 1355 -00112-9_1_{.3, 7« The mixed arhydride was used in the next step
without further purification.

A cooled solution of the mixed anhydride (6.4 g) in ether
(100 ml) and chloroform (10 ml) was added to a solution of diazo=
methane (prepared from 8 g of Nenitrosomethylurea) in ether (100 ml)
at 0° and the reaction mixture allowed to reach room temperature overw
might (16 hours)e The pale yellow precipitate was filtered off and
recrystallised from acetone~light petroleum to yield L.2 g (77 from
acid) of the diazoketone (40) as a white crystalline compound , MePe
193-125°, An analytical sample melted at 12,5-125.5", (Found: C,
63485 H, 4o8; N, 11.5. C,H, N 0, requires C, 63.9; H, 5405 N, 11.5%).
Voo 210 (aiazo), 1570 (aromatic ketone), 1620 = (diazoketone);
NJmer, spectrum : &, 1H, 7.93, C5-H, 8; d of 4, 1H, 64675 6487, C6-4,
Js 6 85 Jg,5 255 S 1H, 6.70, C84; s, 1H, 5.37, COCHN; s, 3H,

3480, <OCH,5 s S5H, 2.57-3.22, aliphatic H.

Methylel 2,3 ,?_L-—tetrahydro-?m.e’-.:ho:cy-h.-o:cownanhtha'i_ BTG D=

acetate (18) .

Silver oxide was prepared by treating a solution of silver
nitrate (1.0 g) in water (10 nml) with an excess of 10% sodium hydroxide
solutione The brown silver oxide was filtered off, washed well with
water, and dried at 350 for 4 hours at 0.0 mma

A solution of the diazoketone (40) (1.0 g) in absolute

methanol (15 ml) was gently refluxed for 2 hours with the dry silver
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oxide prepared above., The silver oxide was then filtered off, the
filtrate concentrated under reduced pressure, and the residue chromato-
graphed on silica gel (25 g). The keto-ester (48) (620 mg, 61%),

MePe 62—630, was eluted with benzene and recrystallisation from ether-
light petroleun gave an analytical sample MePs 63-61..5° (Found: C,
67.9; H, 6450 cwﬁmo4 requires C, 67+7; Hy 6.5%) M asc 226, 278 mm,
€ 5500, 12100; v_ . 1730 (ester), 1580 el (ketone); mnemers Spec-
trun: &, 1H, 793, C5-, 8.5; 4 of d; 1H, 6693, C6-H, J5,6 8eDy J6,8
2.5; s, 1H, 6.67, C8-H; s, JH, B'%i612s5; -OQI_{_Z’; s, 3H, 3.67, -COO_Q_I:I_B;

My 5H’ 2'33"'3025’ aliphatlc H.

m-Ms thoxybenzyldiethylmalonate (n1) .

Preshly-distilled diethylmalonate (58 g, 061 mole) was added
to a stirred solution of sodium ‘ethoxide (prepared from 1062 g of
sodium) in absolute ethanol (300 ml) and the solution stirred for 30
minutes at room temperature before cooling to 50. m-Methoxybenzyl
bromide (825 g, O.42 mole) was slowly added dropwise and the mixture
stirred at room temperature overnight (15 hours). Water (500 ml) was
then added and the reaction mixture acidified and extracted with ether
(3 x 200 ml). Work-up in the normal manner gave a yellow oil which,
when distilled under reduced pressure, gave the diester (11) (79 g»
69%) as a clear oil ba.pe 11+5-1l*,8° at 0.7 mn (Found: C, 6400; H, Tede

015112005 requires C, 6le3; Hs 7eZh) e Voo (film) 1730 i (ester);
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Nemere spectrum: m, 1H, 6¢83=7.2% 1 x aromatic H; m, 3H, 6ol 5080,
3 x aromatic H; 9y L;..H, 4008, 2x —O'Q‘IiZCHB’ 7; Sy BH’ 3070, -095’3;

My 3}1, 2993-3.62, aJ.iPhatiC I'I; t’ 6H, 1.33, 2 x —OCI-I?c-I;I'B, 7.

2 ;medethoxybenzylpronan-=l |, 3=310). (12) e

A solution of the diester (11) (78 g, 0028 mole) in dry ether
(200 ml) was added, under an atmosphere of dry nitrogen, to a stirred
suspension of lithium aluminium hydride (1642 g, 0.43 mole) in dry
ether (500 ml) at such a rate as to maintain gentle refluxinge The
mixture was then refluxed for a further L hours before the excess of
1ithiwn aluminium hydride was destroyed by the dropwise addition of
water (15 ml), 15% sodiwm hydroxide solution (16 ml) and water (48 ml).
The gramlar precipitate of aluminium hydroxide was filtered off and
the filtrate concentrated under reduced pressure to yield 1.1 g of
diol (42). Exhaustive oxtraction of the aluminium hydroxide with
hot ethanol gave a further 15.0 g (total 86%) of the diol mepe 76-780.
Recrystallisation from benzene raised the meps o0 80-820; Voax

3200 & (hydroxyl) o

2 yi-Me thoxybenzylpropan=i ,3-~diol-b jemethanesulphonate ('f_f:) .

A solution of the aiol (42) (45 g, 023 mole) in dry benzene
(250 ml) and pyridine (54 gs 0468 mole) was cooled to OO. Methane=
sulphonyl chloride (79 g, 0.5 mole) was added, with stirring, over

a one hour period; the temperature of the reaction mixture being
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maintained between 5-15°, After the mixture had been stored at 6° for
2], hours, the precipitate was filtered off and washed with benzene

(5 x 50 nL'L) .« The combined washings and filtrate were washed with 1N
sodium bicarbonate solution (125 ml) and work=up in the normal manner
gave 70 g of crude diester (43)« The product was recrystallised from
ethanol to yield 61 g (76%) of white needles, Mepe 92-93", Further
recrystallisation from ethanol gave an analytical sample MePe 930

(Found: C, 44e5; Hy 596 C 0732 requires C, 4he3; Hy 5e75);

13720
NeMoTs Spectrum : my 1H, 7400=7e425 1 X aromatic H; m, 3H, 6.57=
6.90, 3 x aromatic H; s, 2H, Le22, C1-H, C3-H; a, 2H, L4, C1-,
C3-H, 1.5;I s, 3Hy, 3¢5 -OQ_I*_Iﬁ; s, 6H, 2,98, 2 x -OSOZQE_ s m, 3H,
0,17=2.83, aliphatic He

B,m-Mcthoxybenzylrlutaric Acid (1) o

A solution of potassiun cyanide (27.0 g, 0.4l mole) in water
(160 ml) was added to a solution of the diester (4,3) (60e5 gy 017
mole) in ethanol (300 ml) and the mixture refluxed for 5 hours. A
solution of 1N sodium hydroxide (170 ml) was added and the mixture
refluxed, with stirring, for a further 16 hours. After most of the
ethanol had been distilled off, the solution was acidified with cone
centrated hydrochloric acid, charcoal added, and the mixture evaporated
to two-thirds of its volume, The charcoal was filtered off and a pale

yellow oil, which slowly crystallised on standing, precipitated from
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the filtrate as it cooled. The diacid (1) (3643 g 81%) was recrys-—
tallised from acetone-cther, mep. %5=97"; A__ 2130 (acid OH), 1700
an (acid); NeMeTe spectrun (d6 DMSO): s, 2H, 12.0, 2 x ~COOH; m,
1H, 7407=7¢57s 1 x aromatic H; m, 3H, 6.70=-6.97, 3 x aromatic H; s,

H, 380, 0CH,; m, 7, 240-2.8, aliphatic H.

14243, h=Tetrahyd r‘o--z-:ng_tho:g,'-).;.--{ﬂo-—-n:-mhi;halcne—2—-:1cct:lo Acid (15).

B-Methoxybenzylglutaric acid (14 g) was treated with concen=-
trated sulphuric acid (70 m1) and the mixture allowed to stand at room
temperature for 16 hourse. The reaction mixture was then poured onto
ice and the pale yellow solid collecteds Recrystallisation from aqueous
ethanol gave the keto=acid (15) as pale yellow needles mepe 1).,.6—1500.
An analytical sample, mepe 150-1520 was recrystallised from ether
(Found: C, 66.3; H, 640 CBHMOLP requires C, 66.6; H, 6.00)s v_
1720 (acid), 1640 ! (hydrogen bonded aromatic ketone); NemeTe
spectrun (36 DMSO) s, 1H, 8e4s -COOH; d, 1H, 7.635 C5-H, 9; d of 4,
4H, 6.85, C6-H, J5,6 9, J6,8 25; s, 1H, 6477, C8H; s, 3H, 3483,

~OCH3 my THj 242-3.25 aliphatic He

Methylel ,2,3 ~tetrahyd ro=j-me thoxye) ~oxo=naphtnal exneew2=

acetate (1 Ei)_.

A solution of the ketomacid (45) (60 g) in methanol (70 ml)

was cautiously treated with concentrated sulphuric acid (3.5 ml) and

the reaction mixture refluxed for 2 hours. Water (300 ml) was added
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and the aqueous solution extracted with chloroform (2 x 100 ml).
Work-~up in the normal mamner gave 6.5 g of pale yellow oil which slowly
crystallised on coolinge Recrystallisation from ether-light petroleum
gave the keto-ester (18) (5.8 g 9%%) MeDe 62-63° which was identical
in all respects to that obtained from the Wolff rearrangement of the

diazoketone (40) .

1-hcetoxy=1 :2:% J~tetrahyd ro=S-methoky=l Q0K vl 5 G fhanoe-

naphthalene (16).

Sodiun (1.82 g, 0,08 g atom) was added to a stirred sclution
of naphthalene (10.2 g, 0.08 mole) in dry dimethoxyethane (800 ml) in
an atmosphere of nitrogenes The solution, which turned a dark green
colour after approximately 15 minutes, was stirred at room temperature
for I hours and then a solution of the ketomester (18) (49 g» 0402
mole) in dry dimethoxyethane (150 ml) added dropwise over 7 hours. The
reaction mixture was stirred an additional 13 hours and then quenched
with acetyl chloride (9.5 g, 0.12 mole). After it had been stirred for
a. further hour, water (500 ml) was added and the aqueous solution ex-
tracted with ether (3 x 100 ml)s The ethereal extracts were washed
with satucated sodium bicarbonate solution (2 x 100 ml), water (100
ml), and dried over anhydrous magnesium sulphates Evaporation of the
ether under reduced pressure gave a yellow semi~-so0lid residue which

was chromatographed on silica gel (300 g). Elution with % ether-
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light petroleum (105 1) removed the naphthalene and a clear oil was
eluted with 20% ether-light petroleums The ketomacetate (16) crys-
tallised from these fractions and the crude product was collected and
recrystallised from acetone-light petroleum to give 310 mg (6%) of white
plates mepe 155.5-1570, (Found: C, 69.0; H, 6420 015H1604 requires

Cy 69425 Hy 6426)e A 216, 241, 293 mu, € 11200, 7000, 2200; v
1750 (acetate) 1735 cm_1 (cyclopentanone); mnemers spectrum: d, 1H,
7.4,0, C8-H, 8.5; d of d, 1H, 6.8, C7-H,

8.5, J 205; 5, 1H’

77,8

557
6068, CB-I'I; Sy Z)H, 3.77, "09...53; Sy BH, 2.23, -OCOQEB; mass SPeCtm H

parent ion m/e 260

The Iinfrared spectrum of another product, possibly (17) s which
was eluted with the keto~acetate, showed barnds at 1750 (acetate) and
1670 cnn“1 (aromatic ketone)« This compound could not be separated

from other impurities.

Triethyle3=vhenylpropane=1,2,2-tricarboxylate (1.8) .

A solution of sodium ethoxide (prepared from 13.6 g sodium)
in sbsolute ethanol (200 ml) was slowly added dropwise to a vigorously
stirred, ice-cooled solution of benzyl bromide (100 g, 0.58 mole) and
triethylethane-1,1,2~tricarboxylate (11,.8 g50660 mole). Stirring was
continued for a further L5 minutes at room temperature, before water
(,00 ml) was added and the mixture extracted with ether (3 x 200 m1).
Work-up in the normal manner gave a yellow oil which was distilled

under reduced pressure to yield the triester (48) (167 g, &%) as a
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clear 0il, beps 200-205° at 10 mm  (Found: C, 6ke3; Hs 7o1e Codl, Of
requires C, 64.+3; Hy 702%) e Moo c43 nm, € 6600; Vo (£ilm) 1720

(ester); nem.re spectrum (CClh)’ 1, 5H, 6e92=733, avomatic H; my

61, 3.87-4e3T5 3 % QO3 85 2, 3426, Co-y5 s, 2, 2,70, Gy
t’ 9H’ 1023’ 3 X -OCHZC_EB’ 7'

Benzylsuccinic Acid (1.9) »

A solution of the triester (48) (167 g, 0.5 mole) in ethanol
(1 1) and potassium hydroxide (139 g, 245 mole) were heated under
reflux for 16 hours with stirringe Water (700 ml) was added to the
cooled mixture and the ethanol distilled offe The mixture was acidi-
fied with a large excess of concentrated hydrochloric acid, and refluxed
for 3 hours. On cooling, the acidic solution deposited a white pre-
cipitate which was filtered off, washed well with cold water, and driede
Benzylsuccinic acid (101 g, 98%) had a melting point of 161-162° after

recrystallisation from acetone=light petroleum, (1i‘t032 mepe 15 7—1600).

Benzylsuccinic Anhydride (50).

A mixture of benzylsuccinic acid (71 g, O.JL mole) and re-
distilled acetyl chloride (82 g, 102 mole) was gently refluxed for
90 minutese. After the solution had been cooled in an ice-bath, the
white solid was filtered off and washed with ether (2 x 80 ml) to

32

give 60 g (93%) of the anhydride (50) » mepo 96-98° (1ite” " mepe =

97°)
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1,253 L ~Teltrahyd ro=~oXo -2=naphthoic Acid (51) «

The method was adapted from that used by Haworth and co-
Workers.32 Benzylsuccinic anhydride (50) (60 g, 031 mole) was slowly
added to a solution of aluminium chloride (86 g, 0465 mole) in nitro-
benzene (300 ml)e After 2) hours, the dark mixture was poured into
concentrated hydrochloric acid (300 ml) in ice (1 kg) , and the nitro-
benzene steam distilled offe. After the acidic solutiocn had been
cooled, the crude product was filtered off and recrystallised from
water (charcoal)e The ketomacid (51) (371 g, 61%) was obtained as
colourless plates, Mmepe 11,5=147° (1it.32 MePe 115-147°) ; Moo 2135
251, 296 nm, £ 11800, 10900, 1600; Ve 1690 (ketone, acid super-
jmposed); nemer. spectrum (a6 acetone), a of d, 1H, 797, C5-H,
J5’6 6, J5’7 25 my 3H, Tel7=7e705 C6-H, CT7-H, CO-; s(b), 1H, 6.00,
~COOH.

Concentration of the filtrate deposited Le2 g of the isomeric
spdanone acetic acid (52) which, after recrystallisation from water,
melted at 142—11..3950 (Found: C, 69¢2; H, 5elie C11H1003 requires C,
6945; Hy 5e3%)e A, 2125 247, 294 mm, E 112,00, 11000, 2100; v
17% (cyclopentanone) 1680 ! (acid); neme.r. spectrum: s, 1H,
9.93, -COOH; m, LH, 7e16-7.88, 4 x aromatic H; m, SH, 2e33=3483,

aliphatic He
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1 42,3% 4l =Tetrahyd 1oml—~oxo=2w=naph thoyl Chloride.

A solution of the ketoeacid (51) (2040 g, Oe11 mole) in pyri=
dine (10.5 g, 0012 mole) =znd benzeme (100 ml) was slowly added, with
stirring, to an ice~cooled solution of oxalyl chloride (2740 g5 0e21
mole) in benzene (50 ml) e The mixture was stirred at room temperature
for 2 hours and then refluxed for a further hour. The pyridine hydro-
chloride was then filtered off, washed with benszene (100 ml) and the
filtrate and washings concentrated under reduced pressure to remove
the benzene and excess oxalyl chloride. Further portions of benzene
(2 x 100 mL) were added and distilled to ensure the complete removal
of all oxal;}l chlorides The pale yellow solid was recrystallised from
benzene to yileld 20.2 g (91%) of the acid chloride, mePe 72—-750; Vnax
1770 (add chloride) , 1675 cm'-1 (ketone)o The acid chloride was used

in the next reaction without further purification.

3.Diazoacetyl=?,l~dihydro=1 (2H) naphthalenone (52)..

A solution of the acid chloride (20 g) in ether (2C0 ml) was
slowly added to an ice=cooled solution of diazomethane (prepared from
60 g of N-nitrosomethyl urea) in ether (600 ml), The mixture was kept
at room temperature overnight (16 hours) and then the excess of diazo-
rethane removed by warming on a steam=-bath. The pale yellow precipitate
of diazoketone (13.5 g)' was filtered off and the filtrate chromato=
graphed on alumina (100 g)+ Elution with 50% benzene-light petroleum

gave a further 3.0 g of (53) (total 16.5 g 81%) as pale yellow needles
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MePe 87-890; Viax 2090 (diazo), 1675 (aromatic ketone) 1615 c:m"‘l
(diazoketone); nem.r. spectrum: d, 1H, 8.0, C5-, 7; my 3H, Tel=
7.7’ 06-'.[{, C7-‘I'I, C8—:H:; s, 1}1’ 50[4.3, -CO_(_:}_]NZ; m, 51{, 2.6~3q3’ aJ.i"“

phatic He

= % =% B o) -, ", et at
Methyled ;2551 rﬁd:&-?ﬁiﬁ)_}&rj:ﬂ,CO‘:IL?\EQQ'ID].GHLM2-‘:1(-(-. tate (5)) .

Silver oxide was prepared by treating a solution of silver
nitrate (5.0 g) in water (50 ml) with an excess of 10% sodium hydroxe
ide solutione The brown silver oxide was filtered off, washed well
with water, and dried at 400 for J hours at 0.1 mme

A solution of the diazoketone (53) (kb g) in absolute
-methanol (1¢c0 ml) was gently refluxed for 2 hours with the dry silver
oxide prepared aboves The mixture was filtered, concentrated under
reduced pressure, and the dark 0il chromatographed on silica gele
The keto—ester (54) (3e5 g, 76%)s Mebe 52-51°, was eluted with o0
ether-light petroleum. An analytical sample, MePe 5Lpo, was recrys—
tallised from ether-light petroleum (Found: C, 71.3; H, 6eDe
cwﬁmo3 requires C, 71:5; H, 65%)e A . 213, 249, 297 nm, € 1500,
11200, 1500; v __. 1720 (ester) 1680 e (aromatic ketone); DNaMeTe
spectrun: 4 of d, 1H, 7.92, C5~H, J5,6 Ts J5’7 2: m, 3H, 6.83=758,

C6"H, C?—H-.’ CB’H; Ss 3H’ 3.63’ -COO"C-@'B.

Benzyldiethylmalonate.

Redistilled diethylmalonate (140 g, 0.87 rnole) was added

dropwise to a refluxing solution of sodium ethoxide (prepared from



20 g of sodium) in absolute ethamol (600 ml)s A solution of benzyl
bromide (100 g, 0458 mole) in absolute ethanol (200 ml) was then added
at such a rate as to keep the reaction under contrcle The mixture was
refluxed for a further L hours before water (600 ml) was added, Worke
up as for compound (11) gave 8245 g (57%4) of the diester as a clear
0il, bepe 118° at 005 mm (Found: C, 67.15 H, 7.2. Oy H g0 requires
Cy 6742; Hy ToZ%) o Viax (film) 1730 ok (ester); nemers spectrum

(cor,): s, BH, 7013, aromatic H;  d, LH, Le06, 2 x ~OCH CH
'

2 3; m, BH’

2.97~3.63, alirhatic H; t,; 6H, 1417, 2 X .001129133, Te

2B enzylpropan=1 ,3=diol .

A solution of benzyldiethylmalonate (82,0 g, 0.33 mole) in

ary ether (300 ml) was added dropwise, with stirring, to a suspension
of 1ithium aluminium hydride (18+6 g, Ool8 mole) in dxy etber (700 ml)
under an atmosphere of nitrogene The rixture was stirred and reflwred
for 5 hours before wet ether was sdded to destroy the excess of hydrides
The solution was filtered, dried over anhydrous sodium sulphate, and
concentrated under reduced pressure to give Shel g (97%) of the diol

as a pale yellow oil which was used without further purification in
the next reaction; V_ (film) 3300 . (hydroxyl); Nemel's Spec-
trum: s, 5H, 7417, aromatic H; m, 3H, 333407, 01-H2, C3-H,; s(b),
H, 3,00, 2 x =QH; 4, 2H, 2,57, 2 X benzylic H, 7; m, 1H, 1467=2633,

CZ"‘HQ
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o-Benzylpropan—i , Z_diol-bismethanesulphonate.

A solution of 2-benzylpropan=l,3-diol (52.5 g, 0.32 mole) in
dry benzene (250 ml) and pyridine (750 gy 0495 mole) was cooled to
50. Methanesulphonyl chloride (90,0 g, 0e78 mole) was added, with
stirring, over a one hour period; the temperature of the reaction
mixture being maintained between 5 and 15oo The mixture was stored
at 6° for 16 hours and then work-up and purification as for compound
(4,3) gave 78 g (78%) of the diester as white needles, Mape. 87-880.
Recrystallisation from ethanol gave an analytical sample MoPe 890,
(Found: C, LLe9; H; 5.9 C12H1806332 requires C, Lhe7; Hy 5e60);
Ni.Te spectrum: s, HH, 7.22, aromatic H; s, 2H, L.22; C1-H, C3-;
d, 2H, Le13, C1=H, C3-H, 1.5; s, 6H, 2497, 2 X -OSO2QI_{_3; m, 3H,

2025-2987, alipha.tic He

BBenrylglutaric Acide

A solution of potassium cyanide (35 .0 g, 054 mole) in water
(200 ml) was added to a solution of the diester from the previous
experiment (78.0 g, Oo2L mole) in ethanol (350 ml) and the mixture
refluxed for 5 hourse A solution of 1N sodium hydroxide (200 ml)
was added and the mixture refluxed, with stirring, for a further 16
hourse Work=up, as described for compournid (42) , gave a pale yellow
oil which slowly crystallised on standing. Recrystellisation from
benzene afforded 36.1 g (676) of the diacid, mep. 160-101° (lit.46

mepo 101%; Vinax 2630 (acid OH), 17% Gt (acid) e
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14245 ,h-Tetxfahydm-?_-,.--o:{o-qa.r.-htheﬂ.ene»??-—-acc:tic Acid.

The method was adapted from that used by Stevenson and
Thorj_oe.l"6
p-Benzylglutaric acid (23 g) was treated with concentrated
sulphuric acid (115 ml) and the mixture kept at rcom temperature for
16 hourse The reaction mixture was then poured onto ice and the pale
yellow solid collected. Recrystallisation from aqueous ethanol gave
the ketomacid as a white crystalline solid (1940 g, 90%) 5 mepe 110-

114° (lit.hG MePo 110-111%); v o 175 (acid), 1675 o (aromatic

m

ketone) o

Methyled ;2,3 h=tetrahyd ro=l~oxo=-nanhthalene~2=acetate (51) o

A solution of the ketomacid from the previous experiment
(18.0 g) in methanol (200 ml) was cautiously treated with concentrated
sulphuric acid (10 ml) and the mixture refluxed for 2 hours. Water
(500 ml) was then added and work=up in the normal manner gave 20 g
of a pale red oil which was chromatographed on alumina (1,00 g)e EBlum
tion with 50% ether-light petroleum gave 1848 g (98%) of the keto=
ester (51), mepe 52-54°, which was identical in all respects to that

prepared from the Wolff rearrangement of the diazoketone (53).

4 hcetory=1 42 43 sh=tetrahydrom10=oxo~1 , 3=ethano-naphthal ene (55)

Sodium (220 mg, 9.6 mg atom) was added to a stirred solution

of naphthalene (1.21 g, 9.5 mmole) in dry dimethoxyethane (90 ml) in



an atmosphere of nitrogen. The mixture was stirred at room temperature
for 3 hours and then a solution of the keto~ester (54) (540 mgy, 245
mmole) in dimethoxyethane (50 ml) was added dropwise over 5 hours.

The reaction mixture was stirred for an additional 16 hours and then
quenched with acetyl chloride (1.0 g, 13 mmole)s After one hour,

water (200 ml) was added and the aqueous solution extracted with ether
(3 x 50 ml) . The ethereal extracts were washed with saturated sodium
bicarbonate solution (2 x 50 ml), water (100 ml), and dried over anhy-
drous magnesium sulphate. Removal of the solvent under reduced pressure
gave a yellow oil which was chromatographed on alumina (40 g)e. Elution
with light petroleum (500 ml) removed the naphthelene and further elu-
tion with ethyl acetate (300 ml) gave the monomeric productse The
ketomacetate (55) (108 mg, 19%), a white crystalline solid mep. 115-
1160, was separated from this mixture by preparative scale vapour phase
chromatography on a 5 foot, 200 BoDeSe column at an oven temperature

of 200° (Found: C, 72.9; H, 6s3s Cy H O, requires C, 73.0; H, 6o1%) o
Vias 1750 (acetate), 1735 e (cyclopentanone); nemers spectrum: m,
LH, 6.83=7.53, a.Lromatic H; s, 3, 2.17s -OCOQE_I_B; mass spectrum :

parent ion m/e 230,

Attempted Annelation of Ketowacetate (55) with 1-Acetylcyclo=

hexene.

When sodium amide (50 mg, 1.3 mmole) was added to a solution of
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the ketowacetate (55) (100 mg, 0,43 mmole) in ether (5 ml) in an ate-
mosphere of nitrogen, an exothermic reaction ensved and the mixture
immediately turned a dark brown coloure The reaction mixture was
stirred for 5 hours at room temperzture amd then a solution of 1w
acetyloyclohexene (55 mg, Oel mmole) in ether (2 ml) added. After it
had been refluxed for 4 hours, the mixture was acidified with dilute
hydrochloric acid and extracted with chloroform (2 x 30 ml)e. Work-up
in the normal manner gave 132 mg of a darkly coloured oile An infras~
red spectrum of this oil showed the presence of the enone system of
{-acetylcyclohexene at 1655 and 1620 cm_1 and other bands at 31,00
(hydroxyl) and 1735 el (possibly cyclopentanone). The acetate band
at 1750 o~} was absento Chromatography of this oil on alumina (6 g)

gave only the one product - unreacted 1-acetylcyclohexene (141 mg)e

Methyl=1,2,3 ,h-tetrahydm—-);.—methvlencnarhthalenc:-?ma,cetate (59) «

A suspension of triphenylmethylphosphonium iodide (7840 g,
0.19 mole) and potassium t-butoxide in dry benzene (250 ml) was stirred
at 50 for 30 minutes in an atmosphere of nitrogen. A solution of the
keto—ester (54) (140 g, 0,06k mole) in benzene (50 ml) was added and
the mixture stirred at 5c> for 3 hours and then at room temperature
for 13 hours. Hexane (100 ml) and 75% methanol-water (200 ml) were
added, the mixture shaken, and the layers separated. The aqueous
layer was extracted again with hexane (100 ml) and work-up of the

combined hexane extracts in the normal manner gave 31.2 g of yellow
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0il, This was filtered through a silica gel column (600 g) under re-
duced pressure with o0% ether-light petroleum as elutant. The olefinic
ester (59) (11.3 g, 81%) was isolated as a pale yellow oil. An analyti-
cal sample distilled at 78-80° at Oo1 mn (Found: C, 78.0; H, 7.8.
C1l;.H1602 requires C, 77¢8; Hy 7e5%) o Vinax (film) 1725 (ester), 1625
el (olefin); nemer. spectrum (ccn_h) my, 1H, 7e33=7¢67, C5~=H; m, 3H,
6e83=7423%y C6-H, C7-H, C8-H; s, 1H, 5.42, methylene H; s, 1H, 490,

methylene H; s, 3H, 3460, -COOQ_I;I_}.

Methyled ;2 53 s h=tetrahyd ro=L-methoxycarbonylnavhthal ene-2.:

acetate (58).

A solution of boron trifluoride etherate (35.0 g,0¢25 mole) in
dry tetrahydrofuran (1,0 ml) was slowly added over one hour to a stirred
suspension of sodium borohydride (7.0 g, 0,13 mole) in dry tetrahydro-
furan (100 ml) at 0° in an atmosphere of nitrogen. The mixture was
stirred for a further 2 hours at 0° before a solution of the olefinic
ester (59) (10.0 g, 0.046 mole) in dry tetrahydrofuran (100 ul) was
added. The reaction mixture was then warmed to 25° and kept at this
temperature for 3 hourse The excess of diborane was destroyed by the
dropwise addition of water and the organoborane oxidised at 300 by the
addition of 3N sodium hydroxide solution (20 ml) followed by 3
hydrogen peroxide solution (20 ml)s After one hour, the reaction mixe
ture was saturated with sodium chloride and the organic layer separated,

washed with saturated sodium chloride solution (100 ml), and dried over



anhydrous sodium sulphateo Evaporation of the solvent under recduced
pressure yielded 11.0 g of crude diol (61) which was dissolved in
acetone (150 ml) and cooled to 0%, Jones reagent was added dropwise
until the orange colour persisted (~ 3 ml). Aftecr the addition of
water (200 ml) the mixture was extracted with chloroform (2 x 100 m1),
and work-up in the nommal menner gave 12.2 g of an oily mixture of
acidse A solution of the crude mixture in methanol (120 ml) was
cautiously treated with concentrated sulphuric acid (8 ml) and the
mixture refluxed for 3 hours. Water (300 ml) was added and the mixture
extracted with ether (3 x 100 ml)o Work-up in the normal manner
yielded 10¢1 g of an oil which was chromatographed on silica gel (300
g)e Elution with 20% ether-light petroleum gave 2.5 g (21%) of the
diester (58) as a clear oll, v _ (film) 1720 ! (ester); nNoMelTe
spectrum (0014): s, LH, 7.00, aromatic H; s, 3H, 363, ~COOCHz; S5
ZH, 3460, -COO_Q_I%.

Further elution with 20% ether-light petroleum afforded 5.7 g

of the keto-ester (51) mepe 53-51° 4

1,2,3,)~-Tetrahydrc=10-oxo=1,%-¢ thenonaphthalene (57) .

A solution of the diester (58) (1.77 g, L5 mmole) in dry
tetrahydrofuran (40 ml), and sodium hydride (0,66 g, 275 mmole) were
stirred in an atmosphere of nitrogen at room temperature for 16 hours
and. then at reflux for L hours. After the addition of water (100 ml),

the solution was acidified with dilute hydrochloric acid and extracted
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with ether (3 x 50 ml), Work—up in the normal manner gave 146 g of
Beketo=ester (62), Voax (£ilm) 1735 (cyclopentanone) s 1720 cmm1
(ester) «

The P-keto-ester was refluxed with 25% hydrochloric acid (50
ml) for 16 hours then cooled, basified, and extracted with ether (2 X
100 ml) « Work-up in the normal manner gave 143 g of a dark oil which
was chromatographed on alumina (40 g)e Elution with 5% ether-light
petroleun yiclded 1.1 g (95%) of the tricyclic ketone (57) as a clear
oil, v . (£ilm) 1735 i (cyclopentanone); nemeTre spectrum (CClL‘“):
s, JH, 7,01, aromatic H; m, &I, 1,60-3,50, aliphatic H; mass spec-
trum: parent ion m/e 172.

The semicarbazone of the tricyclic ketone formed white needles
from ethanol, mep. 211-212°, (Found: C, 6841; H, 6.7+ C, M, N30

requires C, 68¢1; H, 6.6%).

Attempted Annelation of Tricyclic Ketone (57) with 1=Acetyle

cyclohexene.
A solution of the tricyclic ketone (57) (100 mg, 0.58 mmole)

in dry ether (5 ml) was treated with sodium amide (34 mg, 0487 mmole)
and the mixture reflwuxed in an atmosphere of nitrogen for 5 hourse.
After the addition of a solution of {=acetylcyclohexene (80 mg, 0465
mmole) in dry ether (2 ml), the mixture was refluxed for a further 16
hours, Water (30 ml) was added and the aqueous solution acidified and

extracted with ether (2 x 50 ml)e Work-up in the normal manner gave
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196 mg of pale yellow oil which was chromatographed on a silica gel
thick plate using 5% ether-light petroleum as elutant. Impure tri-

cyclic ketone (57) (87 mg) » - (film) 1735 cn{-1 , was recoverede
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2e Attempted Preparation of Ketol (15) .0

Behcetyl=3 l-dihyd combomes thoxy=1 (2H) =naghthalonone (20).

Hydriodic acid (55% in water) was added dropsise to a solution
of the diazoketone (40) (0.5 g) in chloroformn (10 ml) until the evolu-
tion of nitrogen ceased. The mixture was allowed to stand for 30
minutes and then water (50 ml) added. The chloroform layer was
separated, washed with 10 sodium thiosulphate solution until no more
colour was removed, ard workeup in the normal mammer gave a pals yellow
0il which was chromatographed on alumina (20 g)o Elution with benzene
yielded 420 mg (96%) of the methyl ketone (20) as a white solid, mepe
106-1 070. Recrystallisation from benzene-light petroleum gave an

analytical sample as white needles, mepe 10705---108o (Found: C, 71.7;

H, 6+6+ Gy, 05 requires C, 7155 Hy 65%)e A 2155 226, 278 mm,
€ 9900, 11100, 15000; v 1690 (methyl ketone), 1660 &) (aromatic

max
ketone); nemer. spectrum: d, 1H, 7092, C5-H, 8.5; d of d, 1i, 6.77>5

C6-H, J 5 8¢5, J6 3 2:5; s, 1H, 6468, C8-H; s, 3H, 381, =0CH,; m,
» ) -3

5H, 2.50-3:27, aliphatic H; Sy BH, 2020’ "I-‘IO_QEBQ

Attempted Aldol Cyslisation of the Methyl Ketone (20).
1) A solution of the methyl ketone (100 mg) in ethanol (10 mil)
was refluxed with 1N potassium hydroxide solution (14 ml) for k4 hours.

Work-up in the normal manner gave a crystalline residue which was iden-

tified as the unchanged methyl ketone (20), m.p. 106-107°
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2) A solution of the methyl ketone (100 mg) in dry tetrahydrofuran
(5 ml) was added to a solution of potassium t-butoxide (prepared from
39 mg of potassium) in dry t-butanol (5 ml) in an atmosphere of nitro-
gen, The mixture was warmed to 600 for L. hours, then cooled, and
diluted with water (60 ml)s Work-up in the normal manner gave unchanged

methyl ketone (87 mg).

3) A solution of the methyl ketone (100 mg) in acetic acid (2.5
ml) and acetic anhydride (2.5 ml) was treated with boron trifluwride
etherate (0«75 ml) and allowed to stand at room temperature for 24
hours. Water (20 ml) was then added and the aqueous solution extracted
with chloroform (2 x 30 ml)s Work-up in the normal manner gave a pale
yellow oil (60 mg) believed to be a mixture of the enol acetate (69),
- (£ilm) 1760 (acetate), 1560 (aromatic ketone) , 1630 & (olefin);
nem.re spectrun: 8143 (\/C=c(-9_1_{_3)-ococr13); and methyl ketone (20)
- (£film) 1690 (methyl ketone) 1660 . (axomatic ketone); nNeMoT.

spectrun 52420 (-CO_Q_I_{_B) 5

3ehoetyl=3 J-dinydro-1 (1) ~naphthalenone (72).

Hydriodic acid (55% in water) was slowly added dropwise to a
solution of the diazoketone (53) (1.0 g) in chloroform (20 ml) until
the evolution of nitrogen ceasedes The mixture was allowed to stand
for 30 minutes and then work-up, as described for compound (20), gave

a pale yellow oil. Distillation of this under reduced pressure gave



=88~

54,0 mg (61%) of the diketone (72) as a clear oil which slowly crys-
tallised on standing, mope 5},;—560. An analytical sample, MoPe 5657,
was recrystallised from ether-light petroleun (Found: C, 75.4; U,
6o 0121{1202 requires C, 76.5; H, 6o1%) o Kmax. 213, 252, 297 nm,

e 11500, 10500, 1500; v _ . 1700 (methyl ketone), 15675 c:rrf"'1 (aromatic

Ketons); NeMeTs sSpectrum (CClb): d of 4, 14, 7.83, C5-H, J5 ¢ 8
- 3

J5’7 2; my 3H, 7.00~7505 C6-H, C7-H, C8-H; s, 3H, 213, -CO_ClIf_In_.‘}.

3 e Dilydro=5-me thoxy=3- (2" ~oxo=propyl)~1(2 1)-naphthalenons

(0.

A stirred suspension of the keto=acid (15) (2.0 g, 8e5 mmole) y
in benzene (50 ml) was coolsd to L° and oxalyl chloride (242 g» 17+2
mnole) slowly added. Stirring was continued for 3 hours at room
temperature before the benzene and excess of oxalyl chloride were
distilled off under reduced pressure. ¥Further portions of benzene
(2 x 50 ml) were added and distilled to ensure the compleste removal of
oxalyl chloride. The resulting yellow oil was dissolved in ether (50
ml) and slowly poured into a solution of diazomethane (prepared from
5 g of Nenitrosomethylurea) in ether (50 ml), The mixture was kept
at room temperature overnight (16 hours) before the ether was ‘removed
wnder reduced pressure and the diazoketone dissolved in chloroform
(20 ml)« Hydriodic acid (55% in water) was added dropwise to this
solution until the evolution of nitrogen ceased. Work-~up, as described

for compound (20) gave a pale yellow oil which crystallised from ether
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as white needles (1.6 g, 81%) MeDe 100-101°¢ An analytical sample,

MePe 100.5-1010, was recrystallised from benzene-light petroleum

(Found: C, 72¢7; Hjs 7400 0“311603 requires C, 72¢4; Hy 6.9%) Vias

1700 (methyl ketone), 167 i (aromatic ketone); hemers spectrum:

d., 1H’ 7¢95, CB"'}I, 9; d. Of d, 1H’ 6.78’ C6'_H, J 9’ J 3; S’ 1H,
5,6 6,8

6.67’ CS-&I; Sy BH, 3.83’ U‘O_QI;I‘5; Ing 71—1’ 2.!{."‘3.3, aJ.iPhatic }; Sy jH..,

2417, -COCH; ¢

Attempted Aldol Cyclisation of the Homologous Methyl Ketone

(79)..

A solution of the methyl ketone (100 mg) in dry ethanol (5 ml)
was added to a solution of sodium ethoxide (prepared from 25 mg of
sodium) in dry ethanol (5 ml) under an atmosphere of nitrogen. After
48 hours, water (50 ml) was added and the aqueous solution extracted
with chloroform (2 x 30 ml). Work-up in the normal manner gave une

changed methyl ketone (96 mg) ; mepe 99~1 00°,



PART Ba

Approaches towamls the synthesis of isoGB 13.

é.‘l(E thane?2t wol) =1 ,2,3 =tetrshydro=] ~hyd roxy=be~me thoxy—

‘naphthalene (7).

The ketowacid (45) (3.0 g, 0,016 mole) was added in small por-
tions to a stirred suspension of lithium aluminium nydride (073 g»
0,018 mole) in dry tetrahydrofuran (50 ml) at room temperature in an
atmosphere of nitrogen. The mixture was then refluxed, with stirring,
for 3 hours before water (0.7 ml), 15% sodium hydroxide solution (07
ml) and finally water (2.2 ml) were added dropwise to destroy the excess
of lithium aluminium hydride. The granular precipitate was filtered
off, washed with tetrahydrofuran, and the combined washings and filtrate
dried over anhydrous sodium sulphate. Removal of the solvent under re-
duced pressure gave 3.1 g (qua.ntitative) of clear oil which slowly
crystallised on standing. An analytical sample, recrystallised twice
' from ethanoleether, melted at 97-98° (Found: C, 70.3; H, 842.
C1§H1\803 requires C, 70.2; H, 8e2%) o Viax 3300 cm—1 (hydroxyl). The

diol was too insoluble for an nem.r. spectrum to be determined,

BB than=2 '_-aol) % o)y =dihydro-b-me thoxy=1 (21) =naphthalenone (76) o
L7

Activated manganese dioxide (200 g) was added to a solu-
tion of the diol (75) (2,0 g, 0,009 mole) in pure acetone (120 ml) and

the mixture stirred at room temperature for 2 hours in an atmosphere



of nitrogen. The manganese dioxide was filtered off, washed with ace-
tone (3 x 50 ml), and the combined washings and filtrate concentrated
under reduced pressurce Crystallisation of the resulting oil from
ether gave 1.88 g (91%) of the ketol as white needles, mepe 1001 01°
(Found: C, 70.5; Hs 726 C13H1 503 requives C, 70¢9; H, 7+3%)e Voo
3,00 (hydroxyl), 1660 cm'-1 (aromatic ketone); nem.re spectrum: d,
1H, 7.95, C5—H:, 8.5; d of d, 1H’ 6.75’ C6-H, J 805’ J 205; Ss

1I'I, 6.68, CS-I'I; S BH’ 3.81, -O,(_:.I—_I~3; t’ 2['1’ 5.73’ -_g}j'zO}I‘ 695.

Tetrahydropyranyl Ether (77).

A solubion of the ketol (76) (1.7 g) in dihydropyran (10 ml),
and _P—toluenesulphonic acid (20 mg) were allowed to stand at room
temperature for one hour and then ether (50 ml) was addeds The ether-
eal solution was washed Wit;tl 10% sodium hydroxide solution (2 x 25 ml)
before work-up in the normal. manner gave 2.1 g of crude ether which
was chroxﬂatographed on alumina (70 g). Elution with benzene yielded
1.36 g (58%) of (77) as a clear oils An analyticel sample was dis-
tilled at 150° at 0,02 mn (Found: C, 70.6; H, 8.1a C,di, 0, requires
C, 71.0; H, 8.0%) Viax (fllm) 1670 cm'"1 (aromatic ketone); nemeTs
spectrumn: 4, 1H, 8,08, C5-H, 8,5; d of 4, 1H, 6,90, COH-H, J5,6 Be5 s
J6,8 2,55 s, 1H, 6,80, C8-H; s, 1H, Le63, -o_é_ryo; s, 3H, 3.90,

"'O_CE.B; my, LH, 3e3=hels 2 X 'OSLan"‘



Attempted Annclation of the Tetrahydvopyranyl Ether (77) with

1=Acetylcyclohexene.

A mixture of the ether (77) (1.0 gs 343 mrpole), finely powdered
sodamide (0e2 gy 3ol mmole), and dry ether (50 ml) was refluxed in an
atmosphere of nitrogen for 6 hourse 1=Acetylcyclohexene (0oli5 g5 346
mmole) was added and the mixture kept at room temperature for 16 hours
and then refluxed for one hour. The mixture was then diluted with
water (50 ml), carefully acidified to pil 7, and extracted with chloro=
form (2 x I30 ml) . Work—,uf in the normsl marmer gave a pale yellow oil
which was chromatographed on alumina (40 g). Elution with benzene

yielded only 1-acetylcyclohexene (0437 g) and unchanged ether (0.65 g).

74859510,10a,10b,11 ,12-0ctahydro~6(62H) Lhrysenone (7h) «

This compound was prepared using the method of Peak and Robin-
son.ll8 Ar_melation of a~tetralone with 1-acetylcyclohexene, in the
presence of sodium amide, gave two isomeric enones A and Be

Isomer A, the major product and the omne used in this synthesis,
had & mepe 199-199,5° (Lite'O maps 200-20045°) (Found: C, 8549; H,
8400 C, gl P requires C, 8..7; Hy 8.0%) Voo 1660, 1580 G (enone);
NemeTs spectrum m, 1H, 7.53=7.97, C4-H; m, 3H, 6e90=T7eL7, C1-H, C2-,
C3-H; d, 1H, 6.60, C5-H, 2; MBq, 2, 2483, 2498, C12-—H2, Se

Isomer B, the minor product had a mepe 152-153° (11’0.18 MePe

152-153°)  (Found: C, 85.9; H, 8.1s C, gl 0 requires G, &.7; H, 840%) «



Vo 1660, 1580 — (enone); nem.r. spectrum: 1, 1H, 7.57-8.03,

Ch-H; m, 3, 7.00=7.47, C1-H, C2-H, C3H; d, 1H, 6,57, C5-4, 2;

ABQ_, 21{’ 2.91, 3.08, C12"Ii2’ 3.

Lio-Cyano=bh,5 3 7:8,9,10,102,100,11 ,1 2-decahydrom=t (6al) =

chrysenone (79).

A solution of hydrogen cyanide (7e3 g5 0426 mole) in dry
tetrahydrofuran (50 ml) was slowly added to a stirred solution of
diethylaluminiun chlorid¢ (37«5 g5 0.31 mole) in dry tetrahydrofuran
(100 ml) at 0” in an atmosphere of nitrogen. This solution of hydro-
gen cyanide-diethylaluminium chloride in tetrahydrofuran was then
poured slowly into a stirred suspension of the enone (71) (1245 g,
0.05 mole) in tetrahydrofuran (150 ml) in a nitrogen atmospheres
After 30 minutes, the enone had all dissolved but the mixture was
stirred for a further 65 hours at room temperaturee The dark solution
was then‘ slowly poured onto a mixture of 50k potassium hydroxide solu~
tion (200 ml) and ice (500 g), the precipitate collected, and the
filtrate extracied with chloroform (2 x 500 ml)e. The precipitate was
successively washed with water (200 ml) , methanol (100 ml) , and ether
(2 x 100 ml)s Work-up of the chloroform extract in the nomnal manner
and crystallisation of the yellow oil from acetone gave more keto-
nitrile; total yield 9.6g(6%%) s mepe 166-168°. Recrystallisation
from ethanol-ether gave white plates meps 169.5=1 70° (Found: C, 81.5;

Hy Tebi N, he9e CygH yNO requires C, 81.7; H, 7e6; Ny 5008)e V_
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22,0 (nitrile), 1710 el (ketone); nemer. spectrum: s, 4H, 7.22,

aromatic H; ABq, 2}1’ 2055’ 3058’ C5‘H2, 1l{n; My 2}1, 2977’3012’ C12‘H2.

LbeLyanowlb ;5,7 38,9,10,10a,11 —~octahydrochrysen=6 41 2(6aH ,1 Ob};);

dione (79).

The keto=nitrile (78) (3.0 g, 0011 mole) was added to a solu-

tion of chromium trioxide (405 gs 0s043 mole) in 95% acetic acid (100
ml) and the mixture stirred for 72 hours at room temperature. Water
(500 ml) was added, and the pale yellow precipitate filtered off, dried,
and recrystallised from ethanol-chloroform to yield 2.0 g (63%) of
diketo-nitrile (79) as white crystals, mepe 2)42-."450 (Found: C, 77.6;

H, 6.6; N, LB 9No2 requires C, 77.8; H, 6665 Ny Lo8h)e V

€15
2240 (nitrile), 1720 (aliphatic ketone), 1680 cm-:1 (aromatic ketone);

max

NellleT e SPCCtmn: My 1H, 800"8&3, C1"‘H', Mg 31{, 7.3"‘7.75, CZ"I‘I, CB"‘II,

Cy-l; ABaq, 2H, 268, 3452, 05"112’ 1he

LbeCyano=6 56" methyl enedioxy=lb 5 46 ,68.,7,8,9,105102,1 1-decabiydro-

42(10bH) =chrysenone (80) o -

A mixture of diketo-nitrile (79) (1l s LeB8 mmole), ethylene
glycol (04355 g, 5.7 mmole), and p-toluenesulphonic acid (50 mg) in
benzene (60 ml) was heated under reflux in a Dean Stark water separator
for 16 hourse Chloroform (10 ml) was added to the cooled solution and
the organic layer washed with saturated sodium bicarbonate solution

(2 x 30 ml)e Work—up in the normal manner and recrystallisation of the



residue from ethanol-chloroform gave white crystals of the acetal (80),
meps 177-179° (Found: C, 74e0; H, 6.9; N, 3.80s G, H, N0, requires
C, The7; H, 6.9; N, Lel%) o Voax 22,0 (nitrile), 1680 c;mn1 (aromatic
ketone): nemer. spectrum: m, 1H, 7.9-8.17, C1-H; m, 3H, 760=T7s7>
C2-H, C3-H, Cy-H; s(b), 4, L.08, ~OCHL CH 0-, ABd, PH, 3440, 3.72

CS'&IZQ 1)4.; My 21.[, 2.6"3.0, C11"’H2.

Attempted FPormylation of Keto-acetal-nitrile (80) o

The corditions outlined in Chart 2 for the formylation of (80)

were unsuccessfule.

Chart 2.
Molar Ratio
Reaction Base acetal Tase ethyl Solvent Conditions
formate
1 NOE+ 1 5 5 E40H 16 hours at 20°
2 NaH 1 5 5 T.HF. 18 hours at 20°;
1 hour at

reflux B

3 NaQEt 1 3 3 benzene 16 hours at 20

Attempted Alkylation of Ketomacetal-nitrile (80) with Ethyl

Bromoacetate.

A mixture of keto—acetal-nitrile (80) (100 mg, 0.3 mmole) ,
finely powdered sodamide (L4 mg, 069 mmole) , and dry ether (5 ml) was
refluxed in an atmosphere of nitrogen for 5 hours. Ethyl bromo-

acetate (150 mg, 0.9 mmole) was added and the mixture refluxed for a



further J, hourse Work-up of the reaction mixture gave only unchanged
ketow-acetal-nitrile (93 mg)e More forcing conditions using tetrahydro-

furan as solvent and longer reaction times also failed.

Hydrolysis of Ketownitrile (?8) .

Potassium hydroxide (200 mg) was added to a solution of the
ketoenitrile (78) (100 mg) in ethanol (5 ml) and the mixture refluxed
for 20 hours. Acidification of the reaction mixture with 10% hydro=-
chloric acid deposited L,.§ mg of white solid, mep. 198-2003, identified
as the eﬁoné (74) s Concentration of the filtrate gave 51 mg of the
lactamol as white needles, mepe 231 —2330, (Found: C, 75.3; H, 7eb;
N, hebe Gy, N0, requires C, 7675 Hy 748; Ny LoTh)s V. 3300
(hydroxyl), 3200 (amide N-H), 16-80 ™ (lactam); the lactamol was too
insoluble for an nem.r. spectrun to be determined; mass spectrum:

parent ion mfe 297,

758:9590,51005100,11,12-0 ctahyd ro=2-methoxy=6(6 aH) =chrysenone

32)e

This compound was prepared by the annelation of 6-methoxy-
tetralone with 1-acetylcyclohexene in the presence of sodium amide
according to the method of Rapson and Robinson;'w MePo 226-2280 (1i'b.17
MePe 228-2290); Viax 1615, 1615 cm-1 (enone); mnemer, spectrum: d,
1H, 7.67s Cl4d, 8; d, 1H, 6473, C3«ii, 8; s, 1H, 6.67, C1-H; d, 1H,

>

6.,,4.7’ 05"1{, 2; S 5H, 3.80, -‘09_115.
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L-Cyano=db 5 7:8,9,10,10a,10b,11,1 2-decahyd.ro~2-methoxy=-
6(6a1) —chrysenone _ (33) .

A solution of hydrogen cyanide (22.8 g, 0.8l mole) in dry

tetrahydrofuran (4,0 ml) was slowly added to a stirred solution of
diethylaluminium chloride (106.8 g,' 0,88 mole) in dry tetrahydrofuran
(80 ml) at 0° in an atmosphere of nitrogen. This solution was then
slowly poured into a stirred suspension of the enone (32) (9140 g,
0.32 mole) in dry tetrahydrofuren (1.4 1) in a nitrogen atmosphere.
Stirring was continued for 5 days at room temperature and then the
da:r‘kljr coloured solution was poured cautiously,' with vigorous stirring,
into ice~water (12 kg) containing sodium hydroxide (120 g). The
yellow precipitate was collected and successively washed with water
(500 ml), 3 hydrochloric acid (500 ml) , water (6 x 500 ml), methanol
(200 ml), and ether (3 x 200 ml)s The crystelline keto-nitrile (8745
gs 8%) 5 mene 189-1 910, did not require further purification. An
analytical sample was recrystallised from acetone as shiny white plate-
lets, mepe 192=193° (Found: C, 77ehs Hy 7653 N5 helhe C,JH O, @
quires C, 77.6; Hy Ta5; Ny Le5%) e Mpasc 4L, 233, 279, 286 mm, €
9100, 8500, 1900, 1900; v _ . 2220 (nitrile); 1700 - (ketone);
neme.rs spectrum: d, 1H, 7.27, CL4-l, 8; 4, 1H, 6.75, C3-I1, 8; s, 1,

67y C1-H; s, ZH, 5482, “0_0.1_1_3, ABq, 2H, 3.42, 258, 05"'H2: 1o



1155 265622 758:2510510 8,410,171 ,12-Dodecahydro-6-lydroxy=lbe

iminocarboxy-2~methoxychrysene=ib ,6-lactene | 81) e

Sodiun borohydride (6.7 gs 0418 mole) was slowly added to o
stirred suspension of the ketoeniirile (33) (20 gy 0a065 mole) in
sbsolute ethanol (1.2 1). After the mixture had been stirred at room
temperature overnight (1€ hours) , water (3 1) was added and the solue
tion extracted with chloroform (3 x 200 ml). Work-up in the normal
”manner gave a pale yellow oily residue which crystallised from ether
to yield 1841 g (90%) of the iminolactone (81)« An analytical sample,
MePe 167.5-168°, was recrystellised from acetone-light petroleum (Found:
C, 77e4; Hy 8oy Ny haBo C M NO, requires G, 77.1; H, 8o1p N, 4o535)s
)‘ma}: 241, 228, 279, 286 nm, € 13900, 9800, 1500, 1500; Voox 3230
(imino NI), 1€65 o™ (imine); mnem,rs spectrum: d, 1H, 7.1, Ch4-l, 8;
d, 1H, 6.72, C3=H, 8; s, 1, 6.6%, C1-H; s, iH, 643, >C:§11_; d,

1H, 4-37) C6"“H’ 6; S, 3H, 3> “"09_}_239

JbeC a0 0xylb o5 56,685 758:9,1C,1Ca,1Ch, 12,41 2-»-&0(‘1:;::5@3}.1@3‘_@17'@:

hydrozy=2-me thoxychnysene=hb s6u=lactone (62) .

A solution of the iminolactone (81) (181 g) in tetrahydro-
furan (1.2 1) and 10% hydrochloric acid (600 ml) was heated under ree
flux for 18 hourse Water (2 1) was added and then most of the tetram
hydrofuran distilled off at atmospheric pressure. After it had been
stored. at 0’ overnight, the mixture was filtered and the white

precipitate washed well with waters Recrystallisation from acctone
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pave 141 g (78%) of the lactone (82) as white needles, mepe 188-190°,
An analytical sample melted at 189.5«1900 (Found: C, 768; Hy 707

02(}{214.03 requires C, 7609; H, 70773)0 A ax 209, 23)1, 280, 287 nm,

I

£ 12200, 7800, 1500, 1500; v__ 1766 — (lactone); nemer. spectrum:

d, 1H, 7407, C4-l, 8; a of 4, 1H, 6.73, C3-H, T30, 8, J, 3 3; d, 1H,
2 ’

lpol{.8’ C6“Ii, 6; S’ 31‘1, BOB, '-O"’Q‘I;]':j; d Of d, 1}1, 3003, C5"H’ Jgem 12,

J5,6 6; d’ 1H, 1.93’ 05—1{, 120

L

12-B rono=lb=carboxy=ib ;5 »6,,6878:9.:10:102,100,11, 1 2-dodeca

hydro=6=hyd roxy-2-methoxychrysenc=hb, Gelactone (8%).

A mixture of the lactone (82) (14.8 g, 0.047 mole), N-bromo-
succinimide (94 g, 04053 mole), and dibenzoyl peroxide (50 mg) in dry
carbon tetrachloride (%00 ml) was heated under reflux for one hour and
then cooled. The succinimide was filtered off, washed with more car=
bon tetrachloride (20n£L) , and the conbined filtrates concentrated
under reduced pressure. Crystallisation of the pale yellow oil from
ether yielded the bromolactone (18,0 g, quentitative) as a white solid
meps 168-1 7200 Recrystallisation from acetone gave an analytical
sample as whibe plates, mep. 169-172° (Found: C, 61.1; H, 5.8; Br,
2045 o 0201{2305131« requires C, 61443 Hy 5495 Br, 20.4%) Moax 2153 280,
288 nm, € 13800; 1400, 1400; Ve 1760 cm'-1 (lactone); nNeMere Spec—
trum: m, 3H, 6.67=7022, aromatic H; t, 1H, 557, Cl1z2-H, 2; 4, 1H,
Le55, C6-H, 6; s, 3H, 3¢71s -O‘C"H"Z'; d of 4, 1H, 305, C5-, J5',6 6,

Jgem 11; d, 1}{, 2008, CS"‘H’ 11.
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LbeCarboxymib 5 56 4628,7,859510.10a,10b-decahydro=6-hyd roxy=-2m=

A mixture of the bromolactone (83) (18,0 g, 0.046 mole) and
dry powdered calcium carbonate (15 g, Oo45 mole) in dry dimethyl-
formamide (500 ml) was heated under reflux for 4 hourse The calcium
carbonate was then filtered off, washed well with dimethylformamide
(2 x 100 ml), and the combined washings and filtrate poured into colé
water (L 1). The pele pink precipitate was filtered off, washed well
with water, and recrystallised from acetone., The olefinic lactone
(8y) (1346 g, B%) was cbtained as colourless prisms, mep. 169-1 72°,
An analytical sample melted at 174=175" (Found: C, 77.6; H, 7a%e
czoﬁzzo3 requires C, 77+43 H, 7e1%) e Mooy 2285 270, 303 nm, € 27000,

1

1700, 1800; Voox 1760 (lactone) 1630 cm = (olefin); nemere. spectrum:

d, 1H, 70080 C)+-H, 9; I, 2}1, 6.53"6.80, C1—I{, Cj—lI; d of d, 1H,

6050’ C11-H, J 10, d- Of d’ 1H, 5.’75, C12_H, J

11,12 19 J4op,11 25 11,12

10, J1Cb,12 105; d, 1H, Lek45, c6-H, 6; 5y 2H, 3-78» "o_(_-"_fi}; d of
d, 1H, 3.17, Cs‘H, Jgem 12, J5’6 6; d, 1H, 1.87, CB"'H, 12.

N

Attempted Insertion of Ethyl Diazo~acetate into the Olefinic

Lactone (81).

A solution of the olefinic lactone (8,) (200 mg, 0.6l mmole)

in dry tetrshydrofuran (2 ml) was liluted with dry cyclohexane (5 ml).
Copper powder (1.0 g) was added and the mixture heated to reflux, A

solution of ethyl diazo-acetate (333 mg, 146 mole) in cyclchexane
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(10 ml) was slowly added to this mixture over a period of 5 hours and
then it was refluxed for a further 18 hourss The mixture was then
cooled, filtered, and concentrated under reduced pressure to yield a
clear oil which was chromatographed on silica gel (15 g)s Elution
with 5-10% ether—-light petroleum gave a mixture of ethyl fumarate and
ethyl maleate and further elution with 20% ether=light petroleum
yielded 188 mg of white s0lid, mepe 1681 72o which was identified as

wnchanged olefinic lactone (8)) by infrared and nem.re spectroscopye

@&A{_m"G;G' -eﬂ}ylencdiom-’l‘b,s 16 )6&,7,8,9 ,1 02_1 Ca,1 O‘b_,11 ,1 2"’

dodecahydro=2=me thoxychrysene (88).

A mixture of ketomnitrile (33) (2.0 g, 6.5 mmole), ethylene
glycol (1.6 g, 25.8 mole), and p-toluenesulphonic acid (50 mg) in
benzene (60 ml) was heated vnder reflux for 16 hours in a Dean Stark
water separator. After it had been cooled, the benzene solution was
washed with saturated sodium bicaxbonate solution (100 ml), and woirke
up in the normal manner gave a clear oil, whiclh crystallised from ether
to yield 2.2 g (96%) of the acetolnitrile (88) as a white solid, mepe
176-1780. Recrystallisation from ether gave shiny plates, meps 178
179°  (Fownd: C, Theb; H, 7o7; N, hele C,J1, N0, requires Gy ThoT;
Hy, 7¢7; Ny 4.00) o Mo 2105 2515 278, 28 nm,; € 13700, 9400, 1400,
14003 Voax 2220 qn—1 (nitrile); nemer. spectrum: &, 1H, 7.17, Ci-i,
8; d, 1H, 6.70, C3-H, 8; s, I, 6.60, C1-l, s(b), 4H, 407,

-0_@129,1220-; sy 3Hs 3735 'O?ﬁj; Bq, H, 157, 2480, 05"'1{2, ko
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6 ,6' B thylenedioxy=lb-formyl-ib,5 .6 B2,7:859510,10a,100,11 ;12

dodecahydro=-2-methoxychrysene (gg)_ .

A solution of the acetal-nitrile (88) (5427 gs 0015 mole) in
dry te’cfahydrofuran (100 ml) was added dropwise over a pericd of 15
minutes to a stirred suspension of 1 ithiun aluninium hydride (1 <12 g
0,03 mole) in dry tetrahydrofuran (100 ml) under an atmosphere of
nitrogene The mixture was stirred at room temperature for 2 hours
a.nd then water (1.2 ml), 10/ sodiun hydroxide solution (1e4 ml) s and
water (3.6 ml) were added dropwise to destroy the excess of lithium
aluminiun hydride. The granular precipitate was filtered\off s washed
with tetrahydrofuran (2 x 50 ml) and the combined washings and filtrate
dried over arhydrous magnesium sulphate. Distillation of the solvent
wnder reduced pressure gave Sel g (quanti’cative) of the acetal~imine

(89) as a clear oil, - (£ilm), 3300 (imine NH), 1650 el (imine) .

Vi
A solution of the crude imine (5.2 gs 0,015 mole) in tetra=
hydrofuran (200 ml) was refluxed for 5 minutes with a solution of
acetic acid (30 g, 0.5 mole) and sodium acetate (1¢ g, 0.12 mole) in
water (80 ml)e The cooled reaction mixture was diluted with water
(500 ml) , extracted with chloroform (3 x 150 ml) and work-up in the
normal manner gave a clear oil, which crystallised on the addition of
acetone-hexane as white needles of the acetalaldehyde (90), mape
169.5-170.5° (Found: C, 74e0; T, 8eOs C,Jl, 0, requizes C, Thal;
Hy, 7e9%) - 213, 24,2, 279, 286 mm, € 13,600, 7000, 2000, 1900;
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Vg 2680 (aldehyde C-H) 1720 el (aldehyde); nemer. spectrum: d,
1, 943, «CHO, 2; 4, 1H, 723, C4=H, 8; d, 1H, 64735 C3-H, 8; s,

1H, 6067, C1-H; s, W5 3775 —O_C_IEZQEZO-'; S 3H, 3673 -O_C}}iy

Attenpted Oxidation of the Acetalaldehyde (90).

A solution of sodium hydroxide (90 mg) in water (1 ml) and
‘ethanol (10 ml) was added over a period of 10 minutes to a stirred
_solution of the acetalaldehyde (90) (100 mg, 028 mmole) and silver
nitrate (100 mg, 0459 mmole) in ethanol (20 ml) at room temperature
under an atmosphere of nitrogene After 6). hours, the silver oxide was
filtéred off and washed well with ethanol. The filtrate and washings
were combined, concentrated under reduced pressure, and water (50 ml)
added, The aqueous solution was cooled to 0° and carefully acidified
with dilute hydrochloric acid. The white precipitate (93 mg) was
collected but was found to be identical in all respects to the acetal-

aldehyde (90).

Hydrolysis of the Acetalaldehyde (9@)_.

1) A solution of the acetalaldehyde (100 mg) amd p~toluene-
sulphonic acid (5 mg) in acetone (30 ml) was hcated under reflux for
), hours. Water (50 ml) was added and the agueous solution extracted
with chloroform (2 x 30 ml). Work-up in the normal manner gave a
residue which crystallised from ether to give 95 mg of the ketoe~
acetal (91)+ White needles, mepe 205-207°, were obtained when the

sample was recrystallised from chloroformeacetone. (Satisfactory
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analytical figures could not be cbtained because of a small amount of
ketol (92) present). Vo 790 an™} (ketone); mass spectrum: parent

ion m/e 356; (M—03H5O 2) ion 283,

2) A solution of the acetalaldehyde (3.1 g) in tetrahydrofuran
(100 ml) was heated under reflux with 10% bydrochloric acid (50 ml)
for 2 hourse After the cooled solution had been diluted with water
(500 ml), it was extracted with chloroform (3 x 50 ml.) and the chloro=
form extracts washed with swziurated sodiun bicarbonate solution (50 ml).
Workeup in the nomal manmer yielded 3.1 g of the ketol (92) as a crude
o0il which crystallised, a.f:ter prolonged scratching, as a white solid,
MePe 86;9o°; Vi 3550 (hydroxyl) , 1720 e (ketone)e The ketol
was characterised as its acetate, mepe 157.5-1590 (Found: Cy, The';
H, 703 0221126}01+ requires C, 7he6; H, 7ol¥%) Apax 209 228, 280, 286
nm, € 11900, 8500, 1600, 1600; Voax 1735 (acetate), 1720 crm-'1 (ketone) ;
nem.r. spectrun: d, 1H, 7.23, Cu~il, 8; 4, 1H, 6.72, C3-H, 8; s, 1H,
6.63, C1-H; s, 1H, 5.22, :c_rg-ococnz; s, 3H, 34775 035 s 3H,

1488, -0COCH;.

Hydrolysis of Keto-acetal (91).

Treatment of the keto-acetal (91) with dilute hydrochloric acid
in tetrahydrofuran as in the previous experiment, part 2), gave the

same ketol (92) as the acetalaldebyde (50).
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LbeCarboxy=,b 5 46,68,7,8,9,10,102,10b,11 ,12-dodecahydro~

646" =3 ihydroxy=2-me thoxychrysene=kb,6-Lactone (95) .

The lactone (82) (2.2 g; 0,007 mole) was dissolved in ethanol
(50 ml) containing 10f% aqueous sodium hydroxide solution (4e3 ml, 0,011
mole) by warming on a steam~bath., Heating was continued for a further
hour to evaporate most of the ethanol, and after the addition of water
(50 ml), the aqueous solution was extracted with chloroform (50 ml) to
remove any neutral material. The alkaline solution was cooled to 50 P
chloroform (50 ml) added, and the stirred mixture carefully acidified
to pH2 by the dropwise addition of 5% hydrochloric acide After separa-
tion from the c.hloroform layer, the agueous solution was extracted with
more chloroform (2 x 50 ml) and work~up of the combined chloroform exe
tracts in the nomal manner gave 2.1 g of the hydroxy acid (93) as a

white solid; - 3200 (hydroxyl), 1660 c:mm‘l (acid)« The hydroxy

\Y
m
acid was dissolved in acetone (50 ml) and Jones reagent added dropwise
until an orange colour persisted. After dilution with water (200 ml) ,
the white precipitate was filtered off, washed well with water, and re-
crystallised from acetone to yield 1.8 g (78%) of the lactol (95) as

white plates, mepo 202-2040. An analytical sample melted at 20,3--2050

(Found: C, 73¢1; H, Te3e Codln)0), requires C, 73¢1; H, 7od%)e A
209, 226, 280, 287 nm, € 13500, 7900, 1900, 1900; Vnax 3330 (hydroxyl),

max

17,0 . (Lactone) s The lactol was too insolible for an nem.re

spectrum to be determined.
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6(6aH)~chrysenone (98) .

A solution of the olefinic lactone (8y) (1346 g, 0,049 mole)
in ethanol (100 ml) was treated with 100 aqueous.potassium hydroxide
solution (37 ml, 04066 mole) and the mixture heated on a steam=bath
for one hour to eveporate most of the ethanole Work-up, as described
for compound (9%) 5 gave 14e3 g of the hydroxy acid (96); Voax 3500
(hydroxyl) , 1680 &t (acid). .

A solution of the hydroxy acid in chloroform (200 m}) was
slowly added to an excess of diazomethane (prepared from 18,0 g of
N-nitrosomethylurea) in ether (200 ml) to give 14.8 g of the hydroxy
ester (97) as a clear oil; V. (film) 3430 (hydroxyl), 1720 (ester),
1625 cmf—1 (6lefin).

A solution of the hyarcxy ester in acetone (150 ml) was treated
with Jones reagent until the orange colour persisted (124l mL) e The
mixture was then diluted with water (1,00 ml), and extracted wifh chlorom=
form (2 x 100 ml) s Work-up in the normal manner gave a yellow oil,
some of which crystallised on the addition of ethere The ketomester
(98) (265 g) s MePe 135—1400, was collected and the filtrate concen-
trated to 10,0 g of an oily crystalline mixture. An analytical sample
of the keto=ester, mepe. 149—1520,'was recrystallised from benzene-
light petroleun (Found: C, 7hel; H, 704 C,,H,, 0 requires C, 7hel;

21720 0
H, 7.4%)e A__ 207, 267, 304 mm, € 20000, 5200, 22005 vy, 1720



(ester), 1705 (ketone), 1630 c:m-1 (olefin); nem.r. spectrum: d,

1H, 723, Cl~H, 8; d of d, 1H, 6078, C3=II, J3:2{- 8, J1 ,3 2; s, 1H,
6,67, C1-H; d of &, 1H, 655, CH1-H, Jpy 1, 10, Iy 4y 35 d of &
1H, 6.42, C12-1, J11 A2 10, J”lO"D,'iZ 2; s, 3H, 3,80, uO_Q‘HB; s, S,

3.1].7’ "Coog‘l-.ﬁ; ABq_’ 21{’ 2.68“"3022, 05-1 2; 1l+.l

6,6 -Ethylenedioxy=hb .5 36462457,8,9,10,102,10b—decahydro=2-

me thoxy-/b-me thoxy carbonyl chrysene (99) o

1) Crystalline keto~ester (58) (2.4 g, 642 mmoles) from the
previous experiment, p~-toluenesulphonic acid (100 mg) , ethylene glycol
(183 g5 30 mmoles), and benzene (100 ml) were heated together under
reflux in a Dean Stark water separator for 16 hours. The addition of
sodium bicarbonate solution and work=-up in the normal marnex afforded
the acetal—-ester (99) whic}; ‘crystallised from ether as colourless
cibes (266 gy 93%) s MaDe 187-189°, Recrystallisation from benzene
gave an analytical sample, mepe 189.5-1900 (Found: C, 7e7; Hi Teds
023}12805 requires C, 71e8; Hy 7o5%) e Apase 236, 272 nm, € 20800,

35003 vmax 1720 (ester), 1630 c:m-'1 (olefin); nem.re spectrum: d,
1H, 7.23, Ch=il, 8; m, 2H, 6.37=-6.87, C1-H, C3-H; s, 21, 6.30, C11-H,

c12-;  s(b), M, 388, <OCH O 0=; s, 3, 34775 ~0CHys5 8, 3H,

2

36185 «COO_(_{}_%; Mg, 2H, 172, 3602, 05--1‘12,-1!;..

2) Crude oily ketowester (10.0 g) from the previous experiment,

ethylene glycol (7.3 g), p-toluenesulphonic acid (200 mg) , and benzene
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(300 ml) were heated under reflux in a Dean Stark water separator for
16 hourse The addition of saturated sodium bicarbonate solution and
work-up in the nommal manner gave a pale orange oile Acetal=estcr
(99) (1.2 g) crystallised on the addition of ether and the remaining
9.8 g of oil was chromatographed on alumina (250 g)« Elution with
benzene afforded a further 5.1 g of acetalmester. Further elution
with 5% ethyl acetate-benzene gave two products; ~ the minor product
(0.12 g) was not characterised but the major product (1.2 g) was
identified as the enone (100), mepe 920--223°  (Found: C, 69_.2; Hy Bolpe
025H26O6 requires C, 59.3; H, 646%) Voo 172 (ester) 1655, 1630 e
(enone); nemers spectrun: d, 1H, 7.75, Ch-H, 855 d, 1H, 7463,
C1-H, 3; m, 1H, 6.93-7.53, C3-H; a, 1H, 6.5, C11-H, 1.5; s(b),

KH, he0B, ~OCHOHL Om; s, 3H, 3487, -0CH; s 3H, 3463, -CO0CH;;

2
ABq, 20, 1575 327, C5—H2, 113 mass spectrum: parsnt ion m/e 398,

LbmCarboxysb ,6! ~ethylensdiony=b,5 16 ,022728,2,10,102,1 00 .

L [P, TR [rew Ao e e o] 35
decahyd ro=2-me thoxychrysene (85) .

The acetsl ester (99) (LeO0 gy 0.01 mole) and potassium
hydroxide (Le7 g5 0.08L mole) in ethylene glycol (100 ml) were heated
at 180" for l,. hours, After the addition of water (600 ml) to the
cooled mixture, it was extracted with chloroform (2 x 50 ml) to remove
any neutral materiale The alkaline solution was then cooled to 50,
chlovofarm (200 m].) added, and the mixture carefully acidified to ol

with stirring, by the dropwise addition of 5% hydrochloric acide
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After separation froa the chloroform layer, the agueous solution was
extracted with more chloroform (2 x 100 ml) and workeup of the come
bined chloroform extracts in the normal marmer gave a residue which
crystallised from ether as the acetalwacid (&) ‘(3.3 gs 86%), meDe
?_20-2220, (a small amount of lactol, fommed by hydrolysis of the
acetal group, could not be separated from the acetal-acid and the C
analysis was always too low); - 2620 {acid OH) 1690 i (acid);
nemere spectrum (d6 DMSO) s(b), 1H, ~10, ~COOH; d, 1H, 755, Ch~,
8; m, 3H, 6u5=649, C1-H, C3-H, C12-H; s(b), 1H, 5.8, C11-H; m, LH,
3e8=le2, -O_(_J_Iizf_lj_i‘zo-; Sy 2H, 3473, ~OCH_; ABq, 2T, T4, 3617, CS«HZ,

5

1}; mass spectrum: parent ion m/e 370.

Attempted Preparation of Olefinic Diazoketone (31).e

The acetal acid (85) (410 mg, 1.1 rmols) was dissolved in a
minimun of ethanol and the solution diluted with water (5 ml)s Anhy-
drous sodium carponate (60 mg, 0.56 mmole) was added and the mixture
warmed until the evolution of carbon dioxide ceased., The solvent was
removed under reduced pressure and the sodium salt dried at }_.rO0 at
0.05 mm for 15 hours. The dry salt was covered with benzene (10 ml)
containing pyridine (0,1 ml), the mixture cooled until the benzene
just started to freeze, and then oxalyl chloride (210 mg, 1.6 mmole)
added., The reaction mixture was stirred for one hour at 0° and then
for 3 hours at room temperabure, before it was filtered and the scl-

vent removed under reduced pressure. Iurther benzene was added to
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codistill the excess of oxalyl chloride. An inspection of the
infrared spectrum of the pale yellow oil (156 mg) revealed the
presence of wunreacted acid (1690 cm"1) » possibly the acid chloride
(1780 dn—1) and impurities (1640, 1670 cm"1) . The mixture was re-
dissolved in benzene (20 ml) and p'oured into an excess of diazomethane
(prepared from 1 g of N-nitrosomethylurea) in ether (30 ml). After
16 hours an aliquot was removed from the reaction mixbure and the
infrared sPecfrum of this showed the presence of some diazoketone
(bands at 2100 and 1630 cmu1) and other bands at 1700, 1740, ard
1760 cmm1 . TNo further reaction had occurred at 96 hours and the mix-
ture was chromatographed on alumina (20 g) and the impure diazo—
ketone (20 mg) eluted with benzene. An inspection of the infrared
spectrum showed bands at 2100 (diazo), 1720 (ester), and 1630 =
(ketone); the nemere spectrum showed the diszoketone hydrogen at

35 el and the acetal group as a multiplet at 3+8=lo3e

Lbehoe tyl=6 6! e thylenedioxy =l )5 363:685758,9,10,10a,100,11 s

12-Aodecahydro-2-ms thoxychzysene (104).

A solution of the acetalaldchyde (90) (262 gs 642 amole) in
dry tetrahydrofuran (10 ml) wag slowly added to a solution of methyl-
magnesium iodide (prepared from 6.0 g of methyliodide and 082 g of
magnesiun) in ether (30 ml) under an atmosphere of nitrogene The
mixture was stirred overnight at room temperabure and then hydrolysed

by the addition of saturated amponiun chloride solution (3 ml) e
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Anhydrous sodium sulphate was also added and, after 30 minutes, the
solid was filtered off, washed well with ether=tetrahydrofuran (5:1 R

2 x 50 ml.) and the filtrate concentrated. The pale yellow oil (21 g)
was dissolved in acetone (30 ml) and treated with a slight excess of
Jones reagent at OO. The mixture was then diluted with water (150

ml) , extracted with chloroform (2 x50 ml), and workeup in the normal
mamer gave 1.8 g of a clear oil. Chromatography on slumina (4O g)
and elution with 5% ethylacetate-~benzene afforded the met’ yl ketone
(1.2 g5 5-2%') as white plates, mepe 162-165°¢ Recrystallisation from
benzene~light petroleum gave an analytical sample, mMepe 1631 650
(Found: C, 7heb; H, 8d5e 023113004 requires C, 7heb; H, 8.7%) Vo
1690 cmn1 (methyl ketone); NeMmers spectrun: d, 1H, 727s CLh-H, 8;

a oi.‘ d, 1H, 6.73, C3-H, Jj,;!,_ 8, J1 )5 2; s, 1H, '6.67, C1-H; s, 4H,
%4975 -0912@20"'; Sy 3y 36775 -O_QI:%; S, 3H, 1.87, -COQ_@%.

Jo-Diazoagetyl=b 6 —e thylenedioky=h 5 26268,758:9510,108,10b,

-

14,1 2=dodecahyd ro=2-me thoxychrysene (106)..

A mixture of the methyl ketone (104) (280 mg, 0.76 mmole) in
dry tetrahydrofuran (20 ml), ethyl formate (560 mg, 7.6 mmole), and
sodium hydride (182 mg, 7.6 mmole) was stirred for 16 hours at room
temperature in an atmosphere of nitrogen. The resulting red solution
was then heated under reflux for 2 hours, cooled, and carefully acidi-
Pied with oxalic acid solutione The yellow solution was extracted

with chloroform (2 x 30 ml) and work-up in the normal mamner yielded
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the omketo-aldehyde (105) (287 ng) as a pale yellow oil which gave a
positive enol test with ferric chloride solution; Voax (film) 1720
(aldehyde) , 1690 (ketone), 1630 R (enol) .

A solution of the crude ketomaldehyde (2éo mgs Os7 mole) in
dry tetrehydrofuran (10 ml) was stirred with sodium hydride (73 mg,
340 mmole) for 2 hours at room temperature in an atmosphere of nitro=
gene Tosyl azide (600 mg, 30 mole) was added and the mixture stirred
overnight (16 hours). After dilution with water (50 mL), the solution
was extracted with chloroform (2 x 30 ml) and work-up in the normal

manner gave a pale yellow oil which was chromatographed on alumina
(30 g). Elution with benzene afforded a clear oil (105 mg) which
crystallised on the addition of ether. The diazoketone (106) melted
at 150-155° with decomposition (Found: C, 70.0; H, 7ak; N» 6.8
0231{28N20LF requires C, 6947; H, 7e1; N, 741%) ¢ Voo 2100 (diazo)
1620 cm-1- (ketone); nemeres spectrum: d, 1H, 7.2 Cu-H, 8; 4 of 4,
1H, 6473, C3-H, Jj,z,_ 8, J1 )3 2; s, 1H, 6,67, C1-H; s, 1H, 590.,

~COCHN,;  s(b), M, 4O, ~OCH CH 0-5 s, JH, 3.8, =OCH,; ABa, 2,

3;
145 2015 Co=H, 1b; mass spectrun: parvent ion mfe 396; (M-NZ)

m/e 5680



11 3m

REFERENCES o

1o J.T. Pinhey, E. Ritchie, and W.G. Taylor, Aust.JChems, 1l
106 (1961).

Do RoJ« Abraham and HeJ. Bernstein, Aust.J.Cheme, 1L, 64 (1961).

Sa Je Fridrichsons and A.McL. Mathieson, Acta crystallogre, 15,

‘ 119 (1962) .

e P oMo Lovell, Proc.,ChemeSocss 58 (1964)

He L.N. Mander, E. Ritchie, and W.Ce. Taylor, Aust.JesChem., 20,
981(1967) «

6o L.N, Mander, E. Ritchie, and W.C. Taylor, Aust.J.Chem., 20,
1021 (1967)

e G.B. Guise, L2Ne Mander, R.,H. Prager, M. Rasmussen, E. Ritchie,

and W,C. Taylor, Austl.d.Chem., 20, 1029 (1967).

8o L.N. Mander, R.,H. Prager, M, Rasmussen, Es Ritchie, and W.C,
Taylor, AusteJ.Chem., 20, 1473 (1967).

Qe L.N. Mander, RH, Prager, M, Rasmussen, E. Ritchie, and W.C.
Taylor, Aust.J.Chem., 20, | 706 (1967) .

104 R Brown, Re Drummond, A.C. Fogerty, G.K. Hughes, J.T.
Pinhey, E. Ritchie, and W.C. Taylor, Aust.J.Chem., 9, 283
(1956) .

11e S . Binns, PoJ+ Dunstan, G«B. Guise, G.M. Holder, A", Hollis,
R.S. McCredie, JeoTs Pinhey, R.He. Prager, M. Rasmussen, E.

Ritchie, and W.C. Taylor, AusteJ.Chem., 18, 569 (1965).




==

120 E. Klingsberg, "Pyridine and Derivatives, Part 2", 182,
Interscience, New York, 1961,

13. M. Tanabe, D.JF. Crowe, and R.L. Dehn, Tetrahedron Letters,

3943 (1967).

1lpe A+ Eschenmoser, Do Felix, and G, Ohloff, Helv.Chiml,Acta.,
50, 708 (1967) .

15 WJF. Johns, J.0rg.Chem., 28, 1856 (1963).

164 E. Klingsberg, "Pyridine and Derivatives, Part 1", 307,
Interscience, New York, 1960.

178 W.S. Rapson and R. Robinson, J.ChemsSoc., 1285 (1935).

18, D.A. Peak and R. Robinson, J.ChemeSocs,759 (1936)

19, CoDe Gutsche, ToYoCe Tao, and J. Kozma, Jo0rs.Cheme, 32, 1782
(1967) « ,

20 R.Ge Wilkinson, TeLe Fields, and J.Hs Boothe, JeOrglheme,
265 637 (1961)

21e K. Kitahonoki, Y. Takano, A. Matsuura, and K. Kotera,
Tetirahedron, 25, 335 (1969).

220 W+ Nagata, Te Sugasawa, M. Narisada, To Wakabayashi, and

Y. Hayase, JeAmer.ChemeSoces 89, 1483 (1967) «

2% B, Wenkert and T.,E. Stevens, JeAmer,Chem.50Co, 18, 5627 (1956).
2o G. Stork, Pure Appl.Cheme, 9, 131 (196L) .
5o P.S. Venkatarami and W. Reusch, Tetrahedron Letters, 5283,

(1968) .



264

270

28,

294
30
e
52
35
3o
5o
36

37
38

39
1.0«

4e

~115H=

J. Libman, M. Sprecher, and Y. Magur, Tetrahedron, 25, 1679
(1969)«

LJF. Fieser and M, Fieser, "Reagents for Organic Synthesis,"
Viole 1, 551, Wiley, New York, 1967.

W. Nagata, M. Yoshioka, and S. Hiral, Tetrahedron Letters,

461 (1962) .
D«J. Beames and LN+ Mander, Chem,Comme %498 (1969) .

G. Stork and Je Picini, JeAmer.Chem.Soc., 83, L678 (1961)

H. Muxfeldt and W. Rogalski, JeAmer.ChemeSocs, 87, 933 (1965).

R.D. Haworth, B. Jones, and Y.M. Way, J.Chem.Socs, 10 (1943) «
J.He Burckhalter and P. Kurath, J.Org.Chem., 2L, 990 (1959).
AJJe Birch and R. Robinson, JeChemeSoc., 503 (1944) «

M. Wolfrom and R.Le Brown, J.Amer.Chem.Socs, 65, 1516 (1949).

A, Belanger, J. Poupart, and P. Deslongchamps, Tetrahedron
Letters, 2127 (1968).
E. Adler and HeD. Becker, Chem,Scand., 15, 849 (1961).

RB. Turner, D.E. Nettleton, and R. Ferebee, J Aner.Chem,50Ca,

18, 5923 (1956).

W. Nagata, T. Terasawa, and T. Aoki, Ceh,, 63P, 10032f,
KoJe Clark, Gel. Fray, R.H. Jasger, and R. Robinson,
Tetrahedron, g', 217 (1959) .

Re Tull, RoE. Jones, SeA. Robinson, and M. Tishler, J.Amers

ChemeSoce, s 196 (1955) «



L2

L9
506
51,
524

53

=116

H.0. House and C.J. Blankley, J.0rp.Cheme, 33, 47 (1968).
LN, Mander, private communication.

JB. Hendrickson and W.A. Wolf, J.0rg.Chems, 33, 3610 (1968).
He. Muxfeldt, E. Jacobs, and K. Uhlig, Chem.Bere, 90, 2901
(1962) »

A . Stevenson and JeFe Thorpe, J.ChemeSoce, 121, 1717 (1922).

ToM. Goldman, J.0rg.Chems, 34> 1979 (1969).

W. Nagata, M. Yoshicka, and S. Hirail, Tetrahedron Letlers,

161 (1962).
W. Nagata, M. Yoshioka, and T. Okumura, dbid, 847 (1966) .
W. Nagata and M. Yoshioka, ibid, 1913 (1966) .

G. Stork and F.He Clarke, Jl.Amer.ChemsSoce, 835 3114 (1961).

D.S. Tarbell and Jehe Price, Je0rgeChems, 22, 245 (1957).
K.B« Wiberg, "Oxidation in Organic Chemistry", 105, Academic

Press, New York, 1965,





