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S U M M A R Y

In the first part of this thesis, a brief survey of the 
chemistry of veratramine viz. its occurrence, isolation and 
structural diagnosis is given. This part also ineludes a review 
of recent work on the stereochemistry and the synthetic work of 
other workers on the alkaloid.

The main section describes three approaches to the synthesis 
of the C-Nor-D-homo ring system of the veratrura alkaloids. Howell 
and Taylor’s acétate diester 6(3-acetoxy-1 p:2adi (methoxy carbonyl 
methyl)-9P~methyl-trans decalin prepared frorn 2:3 :^:9:10:12- 
hexahydro-6-methoxy"12-m9thyl-2-oxophenanthrene was successfully 
eyelised to the potential intermedíate 6(3-acetoxy-1 (3;2a-( cyclopen- 
tan-3-one)-9~niethyl-trans decalin. The pentanone was ring extended 
to give a solid substance which certainly contained the steroidal 
ring system of veratramine but which could not be obtained in the 
puré form. Attempts aimed at an easier preparation of the 
pentanone acétate by alkylating 1 -oxo-6-ethoxy-8a-methyl-1 t2 ,3 ,7 »8, 
8a hexahydro naphthalene with different alkylating agents were 
unsuccessful, the starting material being recovered in each case.

In a second approach, 1-(2-cyanoethyl)-2-hydroxy naphthalene
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was converted to 2 :3 :^:9:10í IS-hexahydro-ó-methoxy^-O-bromo- 
propylJ-IR-methyl-R-oxophenanthrene and 8-oxo-10a-*methyl-1 ,2 ,3 » 
k,5,6,8,9,10,10a-decahydro-1-oxa chrysene. The benzene nucleus 
of either intermedíate was resistant to reduction and so they 
could not be used for further work.

In the last attempt, 2-benzoyloxy-1 ,2 ,3 »^,5 ,6,7 ,9,10,1 1 ,1 2 ,
13 dodecahydro-1 2~methyl~7~o::ophenanthrene was prepared starting 
with 2-naphthol and the tricyclic enone was successfully condensed 
with 2 ,2-ethylenedioxy-5-bromo pentan-2-one in the presence of 
potassium t-butoxide in t~butanol. The adduct was successively 
reduced, reacted with methyl magnesium bromide, deketalized y 
acetylated, ozonised and cyclised to give an oily substance whioh 
contained the veratramine steroidal nucleus as revealed by its 
spectrum. The oil did not crystallize. An oil which should 
probably crystallize more readily could be obtained if complete 
reduction of the original ansaturated adduct could be accomplished

In the attempts some new compounds were prepared. These were 
mainly naphthalene, phenanthrene and hydrochrysene compounds. I.R 
Ü.V, or N.M.R. spectroscopic data were recorded for all the new 
compounds and for most of the known ones. Some structural 
formulae are repeated in the script, so as to aid the reader’s 
comprehension.
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INTRODUCTION

The synthesis of the unusual C-Nor-D-homo steriod skeleton 
existing in some of the veratrum alkaloids poses a big problem to 
the synthetic cheraist. This aocount is a suramary of our attempts 
to solve the problem. Veratramine (1 ) appears to be the simplest 
steroidal alkaloid typifying this ring system; for, unlike jervine 
(2) the five-membered ring C of the nucleus bears no function and 
unlike zygacine (3) and veracevine (4) rings A, B and D are not 
overloaded with substituents. We therefore sought to synthesize 
the steroidal skeleton ¿jortion of this alkaloid in preference to 
that of the other members of the family.

Although Veratrum alburn ’veratria1 was extracted in 1819 by 
Pelleiier and Caventou , it was not until 1878 before it was 
realized that it gave a mixture of alkaloids of related structures. 
The veratrum alkaloids, derived from the members of the Liliaceae 
family are now known to consist mainly of the ceveratrum group of 
alkamines (cevine, veracevine, zygadenine and others) and the 
jerveratrum alkaloids (jervine, rubijervine, veratramine and others). 
The jerveratrum bases and some of the ceveratrum alkaloids are 
obtained from V . álbum (European or white hellebore) while the 
roots and rhizomes of V. viride of U.S. and Cañada (American
hellebore) contain jerveratrum alkamines and glycosides as the
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raajor components. V. Sabadilla of México and West Indies, on the 
cther hand contains only veracevine and its esters. The jeveratrum 
nnconjugated alkaloids contain only two or three oxygen atoms and 
show no hypotensive activity. The ceveratrum alkaloids on the 
other hand contain oeven to nine oxygen atoras and show high 
hypotensive activity. Some of the alkaloids are therefore used as 
hypotensive agents while the others are also useful as insecticides.
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Isolation of veratramine. Kojiro and Salto first isolated
Teratramine in 19̂ +0 from the white Hellebore (Veratrum grandiflorum
loes fil) by a rather strenuous extraction pracedure excelled in

ífsimplicity by the method of Jajobs and Craig . The crude alkaloid, 
exuracted from Veratrum viride by means of benzene was converted 
to a mixture of jervine and veratramine sulphates, with dilute 
sulpliuric acid. The sulphates in alcohol were converted to the 
free bases from which jervine was precipitated as the less soluble 
hydrochloride leaving veratramine in solutiou.

Structural diagnosis of Veratramine
The molecular formula of veratramine first wrongly deduced

/ Oas N0„ by Saitov is now acceuted as C „ H n 0 N (m0p. 2.0726 39 2 2y 39 2
(a)^-69°)« On the basis of the available Chemical evidence, Jacobs

c C.and Sato'7’ assigned to veratramine in 19^9 structure (5) in which 
ring B is six-nembered and aromatic, and the do Tibie bond is in 
ring D, and in 1951 the perhydrochrysene structure (6) having a 
six-membered ring C and no methyl group at 0-13 (see formula (1) 
for numbering). The now accepted structure (1) was proposed by 
Tamm and Wintersteiner' in 1952 and the following discussion will

3

establish this.
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Veratraraine is pentacylic unlike the Solanum alkaloids and 
other veratrum alkamines which are hexacylic. The tí/o oxygen atoas 
are acylable and are present as secondary hydroxyls; the nitrogen 
atom is also secondary. Veratraraine therefcre gives with acetic 
anhydride, the 0,0’, N-triacetyl corapound (7a) 7i R,j = R^ = Rj = Ac 
which gives on alkaline hydrolysis the N-acctyl derivative (7b).
7, R^ = R^ = H; R^ = Ac , Benzoyl chloride converts the alkaloid 
into a tribenzoyl derivative, nitrous acid converts it to a nitroso 
corapound and with raethyl iodide in slightly basic médium it yields 
a quarternary methiodide.UNIV
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Veratramine contains one hydrogenable double bond. It can be 
r^iuced to dihydroveratramine (8). Osmiurn tetroxide converts the 
:riacetyl derivative to a diol which can only be acetylated to the 
tetraacetyl compound. One hydroxyl is not acetylated and is there- 
fcre probably tertiary. This is in accord with the location of 
the isolated double bond between C-5 and 0*6„ With peracid, 
compound (7a) gives a mixture of isomeric epoxides hydrclysable 
to the corresponding diols.

There is sufficient evidence for the existence of a p, - 

unsaturated hydroxyl, Oppenauer oxidation of the alkamine or its 
N-acetyl derivative yields an oc{i-unsaturated ketone (9) isolable 
as the hydrochloride. This rules out Jacobs and Satos' structure 
(5). The a-P unsaturated ketone can be reduced to a mixture of 
epimeric alcohols (10a) and (10b) which give a positive colour 
reaction with trichloroacetic acid (Rosenheim test.)
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The two hydroxyl groups in veratramine are not equally
reactive. Chromic anhydride oxidation of dihydroveratramine
yields either the hydroxy ketone C „ H n 0 N or the diketone
C.n H,_ O J, The same hydroxy ketone is also obtained by the k/ k
Oppen&uer oxidation of N-acetyl dihydro veratramine. It is evident 
that the hydroxyl group p?Tte the olefinic bond is more reactive 
than the second hydroxyl group. Selenium dehydrogenation of 
veratramine gives 3-methyl-5-hydroxy pyridine (1 1 ) identical v/ith 
the synthetic material.

Veratramine

H

!

d i )

This fixes the position of the sluggishly reactive hydroxyl at 
C-23» Conversión of veratramine to dihydro-veratramine is 
accompanied by a strong positive change in optical rotation, a
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cuange well-known in steroid chemistry in 3 hydroxy a : compounds.
Ihe location of the other hydroxyl group at C-3 is therefore 
plausible.

8 9Wintersieiner and Hosansky had correlated the structure of 
veratramine with that cf jervine and had thus established the 
presence of an active methylene group in veratraraine. Triacetyl 
dihydro veratramine (1 2) was oxidized with chromic oxide to yie'ld 
the indanone derivative ('¡3 ) which absorbed in the carbonyl región» 
/%ax. 251 my, (e 10,700)j 300 mu (s 2C,000). The spectral properties 
cere similar to those of a-tetralones and a-indanones and the 
ketodihydro veratramine derivative was as equally inert to carbonyl 
reagents as a-tetralones. The same indanone derivative was obtained 
by the catalytic reduction of the acetolysis product of 0,N diacecyl 
jervine (1 *0 .

5-6
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fie nain product from the chroraic oxide oxidation of (1 2 ) was
i:-rever not compound (13) but 0^ N having the structure (15)

Strong proof can be adduced for the presence of a benzenoid
ring. Jacobs regarded ring D as aromatic on the basis of low
inrensity absorption of the alkamine at 268 and inferred that
the selenium dehydrogenation product (1 1 ) resulted from the
cleavage of the C(20) - C(22) bond which must have been activated
by an aromatic ring. All the other jeveratrum alkaloids give riso
to pyridine derivatives carrying at position 2 ethyl group derived

7from C-20 and C-21. Tamm and Wintersteiner nitrated triacotyl 
dihydroveratramine (1 2) and reduced the ni.tro compound to the 
amine. The amine gave a positive azo-dye test» The presence of a 
benzene ring containing four vacinal carbón atoras was established 
by the oxidative degradation of the alkaloid. Hot alkaline perman- 
ganate converted veratramine to benzene -1 ,2 ,3 »^-tetracarboxylic 
acid (16), the tetramethyl ester of which was identical with an 
authentic specimen. This result places a methyl group at C-13 and 
rules out Jacobs and Sato's perhydrochrysene structure (6) (see 
page 4).U
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Veratramine

E « COOII Prehnitric acid P. = COOMe 
Since rings A and B in veratramine are constituted as in normal 
steroids and it is ring D which is aromatic, t’nen ring C nust be 
five-membered.

och

Q-:>_____A
tr !!H |¡

X]
it I

H (19)

The position of the other methyl groups are in accord with their 
positions in normal sterodds and henee veratramine is represented 
by structure (1 ). (see page Z )

The stereochemistry of veratramine
The first stereochemical assignment in the alkamine appears 

to be the orientation of the 3-hydroxy group. 'Veratramine and its
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ilr.virc derivative form sparingly soluble digitonides. The
: ssibility therefore exists that this function should be '^-oriented.

10Bailey, Haraon and Johnson have established recently the C-9 
:mfiguration of the alkaloid. The ketones (18) and (19) which 
íiffer only in the configuration at C-9 were synthesized.

OCH,
5

H
(21 )

The N.M.R. signáis for the C-19 aiethyl occurs at 8.56T  for 
compound (1 8) and at 8.l4T for (19). The C-11 oxygen function of 
either isorner was subjected to hydrogenolysis and then cxidation 
to give the ketones (20) and (21). The ketone (21) derived from 
substance (19) was compared v/ith an authentic specimen of the cis- 
syn-cis ketone (22). Infra red data, melting point and mixed 
melting point revealed an identity of substances (21) and (22) and

0CH-, i J

« f c
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n:n-identity of compounds (20) and (22). Oppenauer oxidation
: llcwed by catalytic reduction of N-acetyl-11-ketoveratramine
;f_elied the diketone (23). The C-19» C-21 and C-26 methyl groups
f the diketone all absorb in same región as the C-19 methyl group
:f the synthetic B/C trans epimer (1 8)„ Absorption for the C-19
-:thyl group of N-acetyl-11-ketoveratramine also occurs in this
región. Thus 11 -ketoveratramine and veratramine, its hydrogenolysis
rroduct, have the B/C trans (9"!H) configuration. The above result

.11 .has been confirmed recently by Masamune, Takasugi and Morí m  a 
series of transformations involving reactions that do not render
C-9 readily epimerizable.

12 . . Sicher and Tichy had established the relative configuration
of C-22 to that of C-23 of the piperidine residue. In hydroxy
piperidines, the ring nitrogen atcm can only engage in H-bonding
with axial hydroxyls. The I.R. spectrum of a 3-hydroxyl piperidine
whose hydroxyl is axial will therefore show two concentration-
independent absorptions (free OH and associated OH) around the 3
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rieron región. This is exemplified by the I.R. spectra of 
pipecolinols (2^ )  and (25a) compared with the spectra of the trans 
iscmers (2^b) and (25b), whose hydroxyl groups are equatorial.

OH

(2*0
É

(a) cis. m.pf ^9.5

A O H ) , free, 3625 C’D 
V(OH), g s s o , j>532 era

-1
-1

..-OH

(25)
H

(a) cist. Ln.p. 9^*5°
^(OH), free, 3632 cm"1
■SÍ(OH), asso, 3526 cm-1

(b) Trans ra.p. 97
0' (OH) 5 free, 3^24 cm

(b) Trans m»p. 139*5" 
'} (OH) 3625 cm“ 1

The I.R. spectrum of veratramine contains only one hydroxyl band
« . ' I(3619 cm ). The C-22 hydroxyl is therefore equatorial. Now the

C-23 substituent determines the conformation and is therefore
equatorial. The two substituents could only both be equatorial
if they are trans to each other, for if they are cis, one must be
equatorial and the other axial.

13Okuda, Tsuda and Kataoka had deterrained the absolute 
configuration at C-25. Though they worked on jervine, the result 
applies as well to veratramine, since both alkaloids are known to
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:=7= the same ccnfiguration of the piperidine ring. N-methyl 
-.avine was subjected to fragmentation reaction to yield the 
.leíin (26) and 1,5j dimethyl piperidone (27)*

(28)

The piperidone was subjected to Wolff-Kishner reduction to yield
1,3, dimethyl piperidine (28). 5(R)-Methyl-2-piperidone (30)

H Me H

CEO
Me V " o S kI

A H Me
(29) (30) (3 1 )

Me

synthesized from D-( + ) citroneliol (29) was methylated and the 
prcduct reduced to give the piperidine (31)»
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The picrate and hydrobroraide of either piperidine have m.p. 17^ -
177° and 198°- 200° respectively. Although the óptica! rotations
of the hydrobromides at any given wavelength are numerically of
the same order of magnitude they are in the opposite sense.
Substances (28) and (31) are therefore isomers differing in the
configuration of the methyl substituent. The methyl group in
piperidine derivative (3 1 ) is £ oriented<> Then that in substance
(28) should be c\-oriented, while that in piperidone (27) will be
p-oriented» The substituent at C-25 thus has a jí-orientation.

-¡AR.L. Augustine had just shcwn that the C--25 substituent is also 
cis to the alkyl group at C~22.

Normal-steroid rearrangement to the C-Nor-D-homo ring system
5Jacobs and colleagues subjected veratramine to selenium 

dehydrogenation and obtained the hydrocarbon (32) which was 
synthesized and found to be identical with 8-methyl-7-ethyl.»«- 
1,2-benzfluorene.

(32) ( 11 )
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- — s would have constituted an indisputable evidence for the 
.-Tseace of the C-Nor-D-home ring system in veratramine, except 

" ‘t Hiroshi Mitsuhashi and Shimizu have obtained Jacobs hydro- 
:nrbon (32) frora selenium dehydrogenation of the steroid 3p, 12p,
1 -trihydroxy-5«-pregnane (33)» This is ceriainly a rearrangcment 
r = action0 The pyrolytic removal of the 1?p~hvdroxyl group 
_aitiated the steroid (33) to rearrange to the unusual ring system
~’-Lj prior to se'lenium dehydrogenation 

OH OH. (CII) 0CH_ __

J

(33)

CH (OH) »CH,__„
J I

Veratramine * Jacob*s hydrocarbon
(32)

16j.t is olear, that an encounter of Jacob's hydrocarbon as a 
selenium dehydrogenation product is not conclusive an evidence for 
the existence of veratramine nucleus in the original compound. 
Hirschmann, Snoddy, Iíiskey and Wendler converted hecogenin to 
its 3-methyl succinate-12£-mesylate derivative (35) which they 
refluxed with t-Lutoxide ir. t-butanol, The steroid isomerized 
to a mixture of olefins characterized as substances (36) and (3 7)»
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The above rearrangement was effected bv Phillips, Taylor and 
18T.yman almost at the same time.
Of particular interest are the products obtained by Mitsuhashi

and Shimizu”'^’̂  from such rearrangements. 3£-Acetoxy-5«--pregane-♦
12-one (38) prepared from hecogenin was subjected to bromination 
and then hydrolysis to give the keto-diol (39)» The hydrazone of 
(39) was heated with sodium ethylene glycolate to give the 
rearranged product (bO) which was successively acetylated, oxidized
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and. reduced to give a product identical with Fried and Klingsberg^f^
22jervine degradation product (4-1). Mitsuhashi and Shibata on the other 

hand degraded hecogenin to 3^ 112; -dihydroxypregn-l6-en-20-one-3**
monoacetate (4-2), the tosylate of which was refluxed in pyridine 
to give the re'arranged product (4-3).

CE-,

Hecogenin

CH.

(4-1)
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The <*ifj-unsaturated ketone could not be isolated since its ring D 
readily aromatized to give the aryl ketone (44) which could serve 
as a relay substance for the total synthesis of 5»6-dihydrovera- 
tramine (8). The aryl ketone (44) is of course identical with 
the dihydroveratranrine degradation product of Masamune and Takasugi. 
A degradation product (48) of veratramine that could be reduced to 
a substance with which (44) could also be compared has been 
described by Franck and Johnson. Veratramine was N-chlorinated 
with N-chlorosuccinimide to give substance (45) which underwent a 
fragmentation reaction to an imino compound hydrolysable to a 
mixbure of C-20 aldehyde epimers represented by the single 
stracture (4?). Nitrosation and deformylation with n-butyl nitrito 
and a solution of sodium in n-bucanol converted the aldehyde to the 
oxime of the ketone (48) which could also be obtained by the 
chromic oxide oxidation of the mcrpholine enanime of the aldehyde. 
Steroid rearrangements to the unusual ring system under
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eration had been encountered by other workers '24-2?

3

Morpholine 
enamine of

(47)
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Previous synthetic studies on veratraaine and allied alkamines

Attempts have been made to synthesize veratramine or jervine. 
Although useful intermediates have been obtained, up till now, the
total synthesis of any of the alkaloids has not been achieved.

28Barnes and Gerber attempted the preparation of the fluorene 
derivative (56) readily transformable to the jervine degradation 
product (57)i but only ended up with the preparation of 1,8- 
dimethyl-7-methoxy-1,2,3»4,4a,9a,-hexahydrofluorenone-2-carboxylic 
acid (55)« 4-Methoxy-3-methyl benzaldehyde (49) was prepared in 
44$ yield from 2-methylanisole, dimethyl formamide and phosphorous 
oxychloride by the Vilsmeier procedure, The methoxy-aldehyde was 
subjected to Reforraatsky reaction with methyl ^f-broniocrotonate to 
give methyl-4-methoxy-3-methyl styrylacrylate (50) hydrolysed to 
give the corresponding acid (51)* 4-Methoxy-3-niethyl styrylacrylic
acid (51) was subjected to hydroquinone-catalyzed Diels-Alder 
reaction with crotonic acid in refluxing tetralin to give as the 
adduct, 4-(4-methoxy-3~methyl phenyl)-2-methyl-1,2,3)4-tetrahydro 
isophthalic acid (52) in a yield of 20-26$. The diacid was 
hydrogenated and then brominated to give (53) which was converted 
to the acid chloride at roorn temperature by phosphorous pentachlo- 
ride. Cyclisation by means of aluminium chloride afforded the 
fluorenone (54) debrominated by catalytic hydrogenation in a
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o c h3 o c h7 
f 5

-
V ¿y

X
¡x iYCHO

(49)
I
R

(50) R «
(51) R = —CH=CH»CH=CHoCOOH

(55) (54)

(56) (57)
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alkaline solution of alcohol containing a pre-reduced palladium-
on-harium sulphate catalyst to give the compound (55)»

29In another approach Barnes and Faessinger constructed the
two halves of the intermedíate (56) from the same starting material
viz, 3-methoxy-2~methyl benzoic acid (59) which was obtained in
30% yield by the alkaline fusión of 3-amino-1,5-napthalene
disulphonic acid (58). The silver salt of the methoxy benzoic
acid (59) was brominated to give the bromo acid (60). The structure
of (60) was established by cxidizing it with bciling alkaline
perraanganate to the bromo diacid (6 1) identical with an authentic
sample preparad from hydrindone (62). The methyl ester of (60)
was subjected to Ullmann reaction to give methyl-4-41-dimethoxy-3,
3*-climethyl diphenate in 85% yield. The diester was hydrolysed
to the diphenic acid (63), the anhydride of which gave the
fluorenone (64) after pyrolysis. Wolff-Kishner or Cleramensen
reduction of (64) gave 2,7-dimethoxy-1,8-dimethyl fluorene (65).
Selective reduction of one of the rings of compound (64) to obtain
(66) was unsuccessful as it led to a mixture of fluorene derivatives,
oxidizable to a mixture of ketones (67) and (68).

The successful synthesis of 1,8,-dimethyl-7-methoxy-1,2,3*4,
4a,9a,-hexahydro fluoren-2-one (56) vías achieved by Barnes and 

30Sedlak in 1962. Hagemann's ester (69) was alkylated with
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pCH: OCH.

(1) Ag Salt 
(2) Br2 X

COOH

(58)
OCH

,80 ,H3 (59 )

3 0 OCH
U

' f \ 7

COOH
|l

■ L /  ■
[1

'00011

(62) i r  (6l)
OCH

Reducción ^ -----
X )=■ O

/ x ‘

(65)

OCH,
1 5(b¿[-) (1) Hp/Cu-Cr Oxide

(2) Oxidation

L

COOH

(60)

Ullmann 
r e a c t io n  011 
methyl ester
/

OCH, 
! 3

¡} 1
I !

COOH
COOH

Ac h,5
(63)

( 6 6 ) (67) ( 6 8 )
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3-chloromethyl-2-methyl anisóle te give the substance (70)•

AITD

,c h2ci

'N)CH.

(7¿f) (56)
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Catalytic hydrogenation of (70) yielded 2-(3*-methoxy-2'-methyl) 
benzyl-3-methylcyclohexanone~4-carboxylate (71) which was cyclised 
to a tricyclic ester by means of polyphosporic acid. Catalytic 
reduction of the product then vielded compound (72), which was 
reduced to the corresponding alcohol (73) by means of lithium 
aluminium hydride. The xanthogenate of the alcohol was pyrolysed 
to give the olefin (7*0 in 3<~$ •’ yield. The olefin was also 
obtained by heating the tosylate with collidine. Ozonolysis of 
the olefin afforded the intermediate ketone (36) in 81$ yield.

31Another synthetic approach was reported by Arene and Taylor.
The starting material was 1-methyl fluorene, the nucleus of which
provided rings B, C and D of a veratramine degradation product.
1-Methyl fluorene (75) was brominated in benzene in the presence
of iodine as catalyst to give 1-methyl~2-bromofluorene (76). The

*T7bromo compound was converted to 1 -methyl-2-bíesiofluorene vf3~) By
32 33the methcd of Friedman and Newan. ’ Nitration followed by 

reduction with hydrazine hydrate and palladised charcual in ethanol 
yielded 1 ~methyl-2~cyano~7-aminofluorene (78). Biazotisation, 
hydrolysis and methylation converted (78) to 1 -methyl-2-cyano~7- 
methoxyfluorene (79)« Smooth hydrolysis of the nitrile to the 
corresponding carboxylic acid (80) was effected with potassium 
hydroxide in boiling ethylene glycol. The corresponding methyl
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e s t e r  was redu ced  to  th e  a l c o h o l  ( 8 l )  which en B i r c h  r e d u c t io n  

a f f o r d e d  7 , 8 - i i m e t h y l - 1 , 2 , 3 » ¿+i^3->9 a -h e x a h y d ro f lu o r e n -2 -o n e  (82) 

i n  v e r y  poor y i e l d .  The poor y i e l d  d isc o u ra g e d  f u r t h e r  work.

( 8 1 ) (82)
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3¿+Schiess, Bailey and Johnson have effected ring-C contrac- 
tion of a chrysene derivative to give a product containing the 
novel veratramine nucleus. Acetoxy-methoxy methyl dodecahydro 
chrysene (8¿t-) obtained by acetoxylating compound (83) at C-12 
with lead tetraacetate was subjected to acetic acid elimination 
to give the styrene derivative (85). Ozonolysis of the olefin 
followed by treatment with diethylamine gave the dialdehyde (86) 
which aldolized to (87) in refluxing raethanclic sodium hydroxide 
solution*N.M,R. spectral data for the diacetate derivative of (87) 
were in accord with the assigned structure. Jone's reagent oxidized 
the aldol to the diketone-aldehyde (88) which was deformylated to
a mixture of ketones (18) and (19) epimeric at C-9.

35—36Kutney and colleagues prepared 2-methoxy-8-oxo-10a-
methyl-75*»6-»8-79,5l0,10a ; 1 1 ,12-octahydrc-chrysene (91) starting with 
6-methoxy-2-tetralone and have just reported its conversión to the 
veratramine ring system by a ring contraction procedure similar to 
the one outlined above. The methiodide of 5"'Biethylaminopentan-3- 
one was condensed with 6-methoxy-2-tetralone in the presence of 
sodium methoxide in dry benzene to give an adduct which cyclised 
to a mixture of tricyclic enones (89) and (90).
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(18) (19)
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The mixture was further extended with methyl vinyl ketone to give 
the chrysene derivative (91)« The ck p-unsaturated ketone was 
subjected to the sodium-liquid ammonia-alcohol reduction to give 
the saturated alcohol which was acetylated to give (92). The 
acétate was oxidized to the 12-ketc compound (93) which was reduced 
with sodium borohydride and then dehydrated with phosphorous 
pentoxide in refluxing benzene to give the acetoxy methoxy styrene 
derivative (9^)» The olefin (9^) was readily hydroxylated to the 
diol f95) s oxidized to the dialdehyde (96) by means of periiodic 
acid. The dialdehyde Vías converted to the aldol (97) which was 
subjected to mild oxidation with Jone;s reagent to give the 
dik.etone-aldehyde (98). Substance (98) ©n deformylation then 
yielded a mixture of diketones (99) and (100) differing only in 
C-9 configuration. Although the U„V„ spectra of the two ketones 
were superimposable, the N.M.R. spectra were different, The 
angular methyl group of the diketone (99) absorbed at 8.85T- while 
that of (1Q0) absorbed at 8„7V u

(89) (90) (91)
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37-•well and Taylor’s synthetic pathway is of interest in
xxection with the present work. 6'5-Acetoxy-1<3'-2‘k-di(methoxy
irtoryl methyl) ~9 B~raethyl-~trans~decalin (115) was prepared by
r:\zze analogous to the preparation of the diester (1G7) which

*53—1{ 5■_£ =n intermedíate in Johnson’s-7 ' celebrated synthesis of di-
■ fr'Dstsrone (See pageg 27A 8; B f or a se he me involviiv relevant stages
: ~he synthesis). 7-meihoxy-1-methyl-2-tetralone (116) was
l-:ylated with if-chlorobutan~2-one and the product eyelised to
:.Te 2,3,^,9,16,12-hexahydro~6-methoxy~12-methyl--2--oxophenanthrene
''A), Birch reduction of the phenanthrone gave a mixture of keto
rlcohols epimeric at C~1*f. The p-isomer (112) was hydrogenated
:-?t pallad!um-on-calcium carbonate to the fully saturated keto-
alcohol (113) which readily formed the furfurylidene derivative.
The acétate, of (114) vías ozonised to an acétate diacid which was
not isolated but methylated directly with diazomethane to the
corresponding acétate diester (1 15)• The difficulty encountered
in obtaining (111) did not encourage further work. However,

í+7before the commencement of this work, Kuehne described an easier 
aethod for the preparation cf the phenanthrone, and further 
progress on the synthesis appeared possible.

In the present account, three synthetic pathways aimed at 
obtaining suitable interraediates for the total synthesis of
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E = 1 - diethyl 
airiinO"3~Pen^anone

OCH,;
OMs

(103)
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(108) (109)
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veratramine a r e  attempted. The first pathway in ^ o lv e s  the
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CU

COCK3

preparation of Hov/ell and Taylor's acétate diester (115) and 
subsequent conversión of this to a suitable intermedíate thus: 
the diester (115) could be subjected to Dieckman's cyclisation 
procedure te give the jĵ keto ester (1 16 ) which might be decarboxy- 
lated t® the acetatepentanone (117)- Alkylation of (117) with 
ethyl p-chloroethyl ketone would yield an adduct which could be 
cyclised to give the tetracylic unsaturated ketone (1 18 ).
The cyanohydrin (119) ®f the ketone on dehydration would yield 
the nitrile (129) which could be dehydrogenated to (121) conver
tible to th*v ketone (122). The aryl ketone could then be compared 
with Masamune and Talcasugi's dihydroveratramine degradation product

(MO.
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In the second reaction sequence, a successful preparation of 
--methoxy-8(3-bromo propyl)-2,3,4,9,10,12-hexahydro-2-oxophenan- 
rhrene (133) »as envisaged, provisión being made for the bromo- 
propyl side chain in the starting material (124). Reaction of 
this corapound with potassium cyanide followed by alkaline 
hydrolysis would convert it to the carboxylic acid which could 
be reduced to the l'K-H ectahydro compound (134) by means of 
sodium in liquid ammonia. Demethylation of (134) to the acetate- 
phenol (135) could be effected by means of sodium hydrexide in 
ethylene glycol, followed by selective acetylation with glacial 
acetic acid. The phenolic acid (135) could be reduced under high 
pressure to the fully reduced phenanthrene derivative (136) which 
could be oxidized to the ketone (137) by means of chrornic acid.
C(7) - C(8) bond cleavage of the olefin (138) obtained by the 
grignard reaction of methyl magnesium bromide on the preceeding 
ketone could be achieved via ozonolysis. The diketone (139) could 
be cyclised to give (l4o) in which a simultaneous creation of rings 
C and D is involved. The useful substance (140) can then be 
converted by a two-stage sequence of dehydrogenation and reaction 
with methyl lithium to the relay substance (44).

In the last synthetic approach, a suitable phenanthrene 
derivative was sought, and a side Chain which together with the
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(123) ( 12*0 (125)

= CH2.CH2.CH2 .Br

k

v \
¡ ]

(128)

(13D

(1 ) KCi-T

(2 ) OH"
(3 ) ITa/ilHy'MeOH

(132) (133)
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(l34a) (13k)
I?5 = CH2 .CH2,CH .COOH

H
(133)

(136) (137) (138)

= COOH
c w  > I
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ring C *pened would later provide ring C and D of the veratramine 
rrleus, was attached at a later stage to give the phenanthrene

A-8ierivative (l*f8). Compound (1^8) could then be reduced to the 
fully saturated keto-alcohol (1^9) which could be converted to 
The tetracylic ketone (152) by transformations similar to those 
represented by (136) - (1^0).

/The «.p-unsaturated ketone would yield Masamune and Takasugis 
iihydroveratramine degradation product (Mf) on selenium 
dehydrogenation.

(1^3) (lMf) (1^5)
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j .  1
-OMe

di k J
H

(1A6)

'B

t

H

( 152 )

B , = COGH 1 3

;0
 O

x
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DISCUSSION

In order to prepare a suitabie intermedíate for the total
;—sthesis of veratramine by the first scheme just discussed,
:--:eto-6-methoxy-12-methyl-29,10,12-hexahydro phenanthrene
Tes employed as the starting material. This was prepared essen-
eially by the method of Kuehne. 2,7~Dimethoxy naphthalene was
r:covered unchanged when its reduction by means of sodium in
rethylated spirit was attempted. (see page 32Af°r 'the reaction
sequence) A similar reduction had been carried out at a bath
tenperature of 115° by Cornforth and Robinson."^ A suitabie
alcohol that boils around the range is n-butanol. Reduction of
the dimethoxy compound in the solvent was possible but the working
up of the reaction mixture was tedious. Eventually the modified
procedure of Cornforth, Cornforth and Robinson outlined in Organic 

51Syntheses for the preparation of 2-tetralone was followed.
Absolute alcohol was used and the hydrolysis of the dienol ether 
to the tetralone (155) was effected with hydrochloric acid. However, 
the yield of the tetralone was only 25$ • The crude product from 
the reaction vías shown by careful chromatography to consist of 
7-methoxy-2-tetralone (strong carbonyl absorption at 1760 cm )
2,7jdimethoxy naphthalene (m.p. 139°) and 6-methoxy tetralin, the
I.R. spectrum of which was identical with that of an authentic
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(155) (155) (155a) OMe

(110a) ’ (110) 

QMe

( 111)

/N

! OHí

(Illa)
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;;;cimen kindly supplied by Mr. I . T . U .  Eshiet. Attempts to improve
'he yield failed. Inverse addition of the alcohol to a mixture of
sodium and the dimethoxy compound or the slow addition of sodium
-.o the boiling alcoholic solution of the compound did not yield
any better result. Introduction of a methyl group into position
(1) of the tetralone (155) was effected by the use of Stork’s

52~55enamine slkylation method. The period of five days which in
l+oKuehneT s procedure was necessary to decompose the quartenary

ammcniurn salt (110a) was reduced to only twelve hours by using 5$
aqueous sulphuric acid instead of water for the decomposition. The
procedure gave a clean mono methyl derivative (110) in 91$ yield,

56and can be contrasted with Gornforth and Robinson’s direct 
methylation of 5c”®ethoxy-2-tetralQne which yielded a mixture of 
the 1-methyl and 1:1-dimethyl derivatives and some unchanged 
starting material. (See formulas 156-158).

(156) (157)
OMe
(158)
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"nrst attempt to obtain the tricyclic ketcne (111) by homoannela-
: o: n of 7-raethoxy-1-methyl-2-tetralone (110) with raethyl vinyl
tone was unsuccessful» As a check of Kuehne’s synthetic pathway

:: the preparation of the ketcne (111) , 1 -methyl-2-tetralone (l6't)
v _s prepared by two different methods, 1-Tetralone (159) prepared

Friedel Craft' s acylation of benzene with'fj-butyrolactone^ vías
ronverted to 1~methyl-3,¿:--dihydro naphthalene (160) by the action
:f methyl magnesium iodide. The dihydro naphthalene was oxidized

58—*59íith perbenzoic acid^ . to give 1-methyl~2-tetralone, the I.K. 
spectrum of which was identical with the onamine alkylation product 
of 2-tetralone.

(159) (160)

Trial ring extensión experirnents with the more readily available 
1-methyl-2-tetralone then revealed that success of the Robinson’s 
ring extensión of 7-methoxy-l-methyl-2-tetralone with methyl vinyl 
ketone depended on strict low temperatura control, slow addition of
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- reagent and on absoluta exclusión of oxygen from the reaction 
xystem. The actions are necessary as a result of the reversibility,
--.ni exothermicity of the reaction. High teraperature favoured retro-

ó 0zrossion and presence of oxygen prometed complex oxidation sido 
reactions. The use of an atmosphere of butano gas instead of the 
: rmmercial nitrogen v/hich is not completely freo from oxygen solved 
ohe last difficulty, In this way, the tricyclic methoxy enone (111) 
.see the formulas below) 'vas obtained in 52% yield taking into
account the i-ecovered starting material. It gave very good elemental 
analysis and its I.R. and U.V, spectra, ( max. 1575 cm , 1S16 cm 
and 1670 cm  ̂. r* max. 205 m)̂  (b 12,5^0) , h max. 228.5 (^18670)
viere in good agreement with the assigned structure (111). The m.p. 
63°, agreed with that obtained by Howell and Taylor. Kuehne 
reported m.p. 78.5 - 79°. The discrepancy might arise from the 
differcnce in crystallising solvent.
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T: interest was the isolation of tho lceto-alcohol (Illa) (“i} nax. 
___C cu and 3570 ca"^) which was a precursor of the unsaturated
..; :one 111. Saooth dehyí.sation of the alcohol to the unsatura- 
: ; .'retone vras efíectod in Loilin.; uethanolic solution of potassium 
7 roxide.

V/ith the preparation of tho startin-., nat-erial nvier control 
t -ention was lirscfed torrarais its conversión to the aí3-unsaturated

el (112). Tl-e pr oblen tidon was thr‘06i Ol(> •

be convertea to the cor:respondiny 2Í3-3CCOU1
t “i “i r. 4'-; j — j. X 0.10 X J-: J.,c function iius t b e r siduced in. y d r o n y l • Tht

cor.fer on rinys A and E a trans-fusion arr-nn ¿euont ancl the benzene 
rucleus should be reduces to a forra in which tho C-6 uethoxy would 
be transfornable into a fuñetion which cotila be usad in a controlled 
contraeticn of riña G. The first atteupt was a stepwise reduction 
oí' the tricyclic ketone. Selectiva reduction of the double bond 
by neans of lithiua in liquid arauoaia followed by aa addition of 
ajacionium chloride^' yielded the caturated ketcme (163) r.i.p» 1 2 9 .5  -  

130o in 78/Ó yield. (See pape 3ÓA fe r  the formulas). In the hope 
that rsdv.ction should follow sarro pattern as for the alio series 
of the conventional steroids, the octahydrophenanthrene (163) was 
reüuced with socliun borohydride.
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lie reauction was not stereospecific but yielded a mixture of the
: and 2j3 epimeric alcohols instead of yieldiir only or uostly the 

18 - isoraer. The mixture could not be separated but vras further 
reduced by means of lithium in liquid aanonia in the presence of 
alcohol to a mixture of the clienol ethers (16 5) which gave either

_ i

?. mixture of the pV" unsaturated ketone (166)(strony CO at 1710 cu), 
on jnild hydrolysis with oxalic acid cr a mixture of ap-unsaturated 
keto-isoaers (112) on hydrolysis with hydrochloric acid, In the 
attempt, only ono crystalline material was isolated as a. benzoate 
a.p, It-O-ltó0, %) max (ilujol) 720 en-1, 163^ cm"1, and 1725 cm- .̂
It did not form a D.IT.P. and was probably 2,3-Benzoyloxy: 1:2:3: *¡-: 7:^ 
8:10:lis 1 2 :1 3 ;l^~dodecahydro-12-methyl phenanthrene. The forraation 
of the olefin proceoded by an initial conjugation of the clouble 
bonos in the áienol ether (16 5) followed by additior. of hydregen 
atom3 to the 0(1 3 ) - (1 ^) olefinic bond ancí finally the cleavage 
of the C-6 methoxy group. Sther-cleavage of 'chis type is not

, ̂  ̂jp
uncouiiion with liquid amnonia reduction of nethoxy benzenes.

An alternative route for converting octahydro-6-methoxy-12- 
meihy1 -2-oxophenanthrene (16 3) to the fully saturated 2-acetoxv-12- 
methyl-6-heto phenanthrene (1 7 1) was explore!, Denethylation with 
potassia liydroxide in boiling diethylene glycol was unsuccessful. 
The phenolic ketone (lo7) m»p. 17^° obtained by the action of
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hydriodic acid in refluxing acetic acid on coapound (16 3) was 
reduced by aeans of sodium boroliydride to a mixture of thes¡<and (3 
ptenolic alcoliols (168) wliich on selective acetylation víith glacial 
acetic acid yielded presunably the phenolic - 2[3-acetoxy compound 
(169) a.p. l¿|.i|— lif6°, The overall poor yield of the phenolic acétate 
based on the nethoxy ketone (16 3) justified the reluctance to

(111) (16 3) (187) , (188)

OH OH 0 0

H

(169) (170) (171) ( 112)
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continué with the scheme. Ead the yield been higher, high 
pressurc hydrogenation followed by chromic acid oxidation of 
substance (169) sbould yield the fully satúrate! acetoxy hetone 
(171) which on hydrolysis should g'ive the reduction product of 

coupound (112),
The preparation of the unsaturated leetone (112) was realized 

by using a aodified method cf Howell and Taylor which was essen- 
tially a one-stage Birch reduction of the hexahydrophenanthrone 
(1 1 1 ), Howell and Taylor57 carried out the reduction by ueans of 
sodium in liquid amnonia in the presence of aethanol and obtained 
a yield of about 15%, Eere the reduction was carried out with 
lithiuni in sane nediuni but in the presence of a less reactive 
alcohol viz, n-propanol, in J>1% yield, It was felt that this 
yield was reasonable in the light of the conplex mixture of isoaers 
the reduction should give like the reauction of other substitated 
n-alkyl anisóles 5í froír theoretical consideración»

OMa 0 0

( 111)

fi

(a) (b)
H
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(c) (d) (*)

Infra red spectral analysis of componente obtained by passing the 
mixture through a colunn suggested that among other things subs- 
tances (a) - (e) xaight be present in the reduction product in 
agreement with the experience of Johnson and collaborators.
The unsaturated keto-alcohol (112) which vías of interest ?ías 
isolated crystalline m,p. 118-120° and as its benzoate. Catalytic 
hydrogenation of conpound (112) to the fully saturated lceto alcohol 
(llj) over pallad ised charcoal catalyst although sinooth and fast 
only gave a resinous oil which did not crystallize, Addition of 
trace of alkali to the reaction mixture did not improve the situa- 
tion. A 60% yield of the crystalline material m,p. 98-102° was
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however obtained whon palladised calcina carbonate catalyst was 
used.

Specific ring opening of compound (113) betv;een C-6 and C-7 
was achieved without nuch difficulty, Condensation with furfural 
was effected at C-7 in an alkaline médium. A crystalline product 
was obtained after passing the crude furfurylidene derivativo 
through a colunn of activated alumina. However, three successive
crystallisations tere needed to raise the melting point to the

o 137valué of ZOk obtained by Howell and Taylor. Alkaline peroxide
oxidation of the acétate of ti'ans-an t it r ans-7 - f ur f ury lid ence
pex-hydro-2-hydroxy-6-oxo-phenanthrene (114) resulted in no

oxidation but in extensive hydrolysis of the acétate. Ibis \’;ould 
have been a very suitable oxidation procedure for a large scale run

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



-  b2

Complete ozonolysis of only one gm. of the furfurylidence acétate 
in ethyl acétate was not achieved quicitly at - 20°» Ozonolysis 
in same solvent or in nethylene chloride at - 78° (acetone-solid 
carbondioxide bath) was complete within three hours. Acid hydr.ogen 
peroxide oxidation of the ozonide gave an acétate diacid (115b) 
m.p. 200° which gave an impure acetato diester after esterifica- 
tion with crude diazomethane. I.K, spectrun of the product showed 
that the diester was contaminated with nitrosonethyl urea. 
Methylation of the diacid with redistilled diazomethane gave a 
very puré product m.p. 103° in agreement with the literature valué. 
Good elemental analysis was obtainea and both the infra red. and 
1IMR spectra were in good agreement with structure (115). The 
infra red spectrun was identical with that of an authentic specimen 
kindly supplied by Professor D.A.H. Taylor. The n.n.r. spectrun 
showed absorptions at 3,2"'? for 3 protons as a singlet (C-9 methyl) 
at 7*5 "T for 3 protons as s singlet (C-6 acétate methyl), at 5»5b^t 
for 6 protons as a singlet (two 0-methyl) and at b,6~k T"for 1 
proton as a nultiplet (C-6 hydrogen).

The acétate diester (115) was hydrolysed to 6¡3-Hyd.roxy-l¡3- 
2a-diacetic acid~9{3-nethyl-trans decalin (172) m.p. 22^° in an
attempt to convert the diacid to the anhydride (173) the pyrolysis65
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COOMe

.COOMe) r

■ B
H B

— ^

OH
H

B = COQH
( 172)

<

K
(1 1 6 )

of which sliou ld givo tlie pentaaone (1 1 7 ).  However, attention was 

directed towards obtainiug sutstance (1 1 7 ) by the Die clonan* s 
cyclisation procedure which appeared sirapler than the pyrolysis 
method. Cyclisation66 of the acétate diester in benzene by means 
of sodivun hydride gave the starting material with the C-6 acétate
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group hydrolysed, Sodium hydride is a stronger base in dimethyl 
sulphoxide than in benzene. The cyclisation was henee repeated

67in the solvent* The infra recl spectrum of the product only
showed some promise of reacticn, Alcoliol-free potassium t-butoxide 

;¡/|in dry benzene however effected cyclisation of the acétate 
diester to give 77% yield of 6p-acetoxy-ip: 2a-( cyclo-V -carbomethoxy 
pentan-3*-one)-9-methyl trans decalin (1 1 6 ) with a trace of the 
corresponding 6B-hydroxy compouncl as a yellow oil. -i max 17 2 5, 
1760, and (see page h-3 for the numbering). Decarboxy-
lation followed by reacetylation of the 8-keto ester afforded in 
overall 33% yield 68-acetoxy-ip:2a-(cyclopentan-3'-one)-9-aethyl 
trans decalin (1 1 7 ) m.p. 7¿:-°. lío crystals were obtained in the 
presence of any trace of solvent. The infra red spectrum of the 
pentanone - acétate shoued only one absorption for both the 
acétate carbonyl and the cyclopentanone carbonyl, After alkaline 
hydrolysis the spectrum showed a hydroxyl band and a strong 
carbonyl absorption due to the cyclopentanone keto group. The 
IT.H.R. signáis were significant. There were signáis at 8.9 ’T for 
3 protons as a singlet (C-9 methyl)^at 3.32 - 8,2 T  for k protons 
as a doublet (21 and A' methylenes) f).t 7 *5 1 *'íí’ for 3 protons as a 
singlet (C-6 acétate methyl) and at k— k,3 T" for 1 proton as a 
múltiplet (C-6 hydrogen), A very useful intermedíate for the
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synthesis of veratramine was therefore obtained.
The cyclopentanone carbonyl in the intermedíate (117) is 

flanked on both sidos at C-2* and C-A' by active metliylene groups.
It was evident thut ring extensión of the pentanone to the ap- 
unsaturated lie tone (118) typifying the unusual C-ITor-D-homo ring 
systerd must involve an initial selective alkylation of the 
pentanone-acctate. As a model for tais reaction, 6-íiethoxy-l- 
tetralone and 5-methoxy hydrindone-1 (prepared by methylating
5- inuanol with. dimetliyl sulphate followed by chromic acid

68oxidation of the ether) were each foraylated according to the 
procedure of Johnson, Anderson and Shelber.^0 2-Hydroxy methylene-
6- methoxy-l-t.etralone and 2-bydroxy methylene-5-methoxy-l-hydrindone 
were each alkylated with etliyl p-chloro-etliyl ketone in the presence 
of sodium methoxide in methanol. The cyclised products froro. the 
two exploratory experimenta were oils which liad identical infra
red spectra characterized by triplet absorptions around the 6- 
micron región. Alkylation of the forayl derivativo of compound 
(11?) yielded a similar ring extensión product. A crystalline 
enamine of the pentanone was not obtained and so ring extensión 
by Stork*s procedure was not attempted. Direct ring extensión of 
the pentanoneacetate, with p-chlorodiethyl ketone and sodium 
ethoxide in ethanol however, gave a substance m.p. lj>k° (decomposed).
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Although the substance had the expected U • \T. absorption at 251 mA 
it gave a very poor elemental analysis for -̂s the
formula for tlae tetracyclic coapound (ll8a).

R _

(118a)

P = C1.CH2.CH2.C0.CE2 .CH_

The acétate of the substance absorbed at .248 nĵ  (é: 4,66o) but 
also gave poor analysis. The U.V. absorption is however in fair 
agreement with tliat obtained for the same acótate encountered by

69Mitsuhashi and Kawahara in a recent degradation work, although 
their ¿-valué of (1 8 ,100) showed the present sample as far from 
being puré.

It was clear, that if the pentanone acétate (11?) could be 
obtained in a larger quantity it should be possiblo to obtain a 
cleaner ring extensión product. A shorter route to the preparation 
of substance (117) was sought»
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!?
m.v.k.

O'
(17*0

,0

Br.CH2.C0 .CH
"  i  L  J

031 OEt
(176 ) (177 )

70-71Eigh pressure hydrogenation of resorcinol gave dihydroresor-
cinol which was methylated to 2-methyl-l, 3 cyclohexane-dione
(171¡-) in high yield. The dione was ring extended with methyl
vinyl ketone to 1 ,2 ,3 ,A,6,7 ,8 ,8a-octahydro-8a-methyl-l,6-naphthalenc
dione^2 (17 5) which was etherified to the ethoxy derivative (176)

• 73according to the procedure of Swaairathan and ITewman. Alkylatxon
7¿1_of the l-oxo-6-ethoxy conpound with bromo acetone gave unchanged 

starting material. Eeformatsky reacción of (176) with ethyl bromo 

acétate was unsuccessful. This v/ould llave given tas adduct (17<->) 
convertible to c ompound (loA) by t.ie reactioa se caen ce represented 

by (17 8) - (l3A).
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t

(l8l) (182)

--- COOH ,--- COCH,! 3

(183)
(1) Protection
(2) Methyl lithium.

Since attempts to obtain the pentanoue acótate (117) by a shorter 
reaction sermoneo failed, the first syntlietic pathway was abandoned«
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3For th.e second synthetic patb.vio.-y (see paga 30A. for t'ae cnart). 
1 -(}{-£y d roxyb u ty1 )-2 me thoxy naphthalene r;as at first considered a 
suitablc star'cing material. C-l Eromination of nerolin in 
chloroform gavo l-broao-2-methoxy naphthaler.e in 59% yield. The 
Grignard reagent formed fron magnesium and the preceoding 
brononaphthalene vías treated v/ith V-butyrolactono. The product
consisted maibly of 2-methcxy naphthalcne and a fraction which
was a mixture of saturated and ocp-unsaturated carbonyl coapounds.
The latter fraction was hydrogenated at high pressure and the
resulting mixturo of tetralin derivatives oxidized with chronic
acid. Ho crystalline product was obtained. The sane Grignard

75reagent was reacted with p-carbomethoxy propionyl chloride xn
an eneseavour to obtain 1-05 -carbornethoxy propionyl)-2-methoxy
naphthalene but the product was aainly 2-methoxy naphthalene. 
I-Iowever, l-(2-Cyanoethyl)-2-hydroxy naphthalene^^ (124) prepared 
by cyanoethylation of 2-naphthol was founá as an alternntive 
starting material. Alkalino hydrolysis of the p1-enclic nitrile 
followed by acidification with concentrated hydrochloric acid 
yielcíed 5 ,6-benzdihydrocoumarin (12 5) m.p. 52-54° and an 
uniclentifiable acidic substan.ee of formula The dihydro-
coumarin only solidificd when completely free from solvent. It
gave very good elemental analysis and. its infra red spectrum
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(*") r¡iax« 1582 cni” ,̂ 1632 cu ^ and 1762 en vías in accord with 
s truc ture (125). Eeduction of the dihydro counarin with litliium 
aluminiuni hydride yielded the crystalline diol (126) m.p. 135° in 
quantitative yield. The diol (^ max. 1587*51 1625, 3150 and 
3^10 cm”1) gave a green colour with ferric chloride solution and 
could not be the cyclic ether (126a), a fact confirmed by the IP. 
spectrum of the diol, and by C, H-analysis.

(12if) (125)

(126) (126a)

Iíigh pressure hydrogenation of tho phenolic alcohol over neutral 
Eaney nickel catalyst gave a mixture of l-(3-hydroxy propyl)-2 
hydroxy-5»6,7,8-tetrahydronaphthalene (3.2?) u.p. 65-70° in 78% 
yield and a neutral fraction presuaably l-(3-l»ydroxy propyl)-2 
hydroxy-l^^j^-tetrahydronaphthalene (127a). The infra red
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spectrum o.f the forr.icr is of interest. Two hydroxy absorptions
(3233 cm and 3350 en ) around the 3 nicron región suggested asssfc

12extensivo hydrogen bonding in the nolecule as represonted m  

formula (127).

E = CH2.CH?£CH2 .0H 

(126)

(12 7) (127a)

The bonding was destroyed after raethylating the phenolic alcohol 
with dinethyl sulphate, thero being only one hydroxyl absorption 
(3¿}O0 cm~^) in its spectrum. Bromination of the niethoxy alcohol 
(12 8) with phospherous tribromide in benzene gave a poor yield of 
the bronide. (See pago 30A ). When the reaction was however 
repeated in dry diethyl ether a 65% yield of l-(3-bronopropyl)-2- 
m e thoxy-5,7,8-tetrahydronaphthalene (129) was obtained. Chromic 
acid oxidation of the preceeding tetralin derivativo afforded
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5-*(3-bromopropyl)-6-methoxy-l~tetralone a.p. 92-9^° inhonly 32% 
yieldj a good analysis v/as obtained, The rnajor oxidation product 
was an acidic substance v/hicli was not investigated further.
Attempt to inprove tho yield by controlling thc roaction teraperature 
failed. Although the closely similar acetoxy compound 5-(3-acetoxy- 
propyl)-6-methoxy-l-tetralone prepared by acetylation of (128) 
followed by ehromic acid oxidation v/as obtained in a higher yield 
of 50°/o it could not be obtained crystalline and so it was rejectod 
in fnvour of the bromo tetralone, 6-Metlioxy~5(3’“bromopropyl)-3:¿*~ 
dihydro-l-methy1 naphthalene (1 3 1) obtained as a yellow oil by the 
reaction of methyl magnesium bromide on the 1-tetralone (130) v/as 
converted to the corresponding 2-tetralone (13 2) by perbenzoic 
acidíf epoxidation of the C1-C2 olefinic bond follov/ed by acid 
hydrolysis.

Eobinson ring extensión of l-methyl-5(3“bromopropyl)-b- 
methoxy-2-tetralone by aeans of methyl vinyl ketone in the presence 
of potassium hydroxide gave the oily tricyclic compound (18 5) with 
the side Chain brooide hydrolysed to the alcohol.UNIV
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(131) (132) (185)

The tetralonc íias condense! with methyl vinyl ketone in the presence 
of potassium hydroxide to give the adduct (l86) whxch was isolated 
as an oil (V max. 1710 cm" 1 and 3^00 en"1). The milder base, 
potassium carbonate, effected smooth dehydration of the adduct to a 
mixture of enones (13 3) and (18 7) separable only by chromatoí- rapuy.
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Of the two products^only substance (18 7) m.p. l6o~l62° was
*r

crystalline although both enones liad very similar infrared spectra. 
The ultra violet of thé solid showed two absorptions Qs max. 207 
and 234 ra$Jand the infra red spectrum showed absorptions at 
S>max. 1587.5 ceT 1, l6l6 cm" 1 and 1650 crr1. C, H-analysis was 

in fair agreement with formula ]̂_ĝ L20^2 an(̂  X"̂S * sPec^ruE
agreed with structure (187), There were absorptions at 8.04Y 
for 3 protons as a singlet (C-9 methyl), at 6.96-6,6 T  for six 
protons as a multiplet (2xAr. CHgCH^ and C0 CH^) t at 5«04-4.48 Y  

for 2 protons aStriplet (OCH^), at 2.88 "Y for one proton as a 
singlet (C-5 olefinic hydrogen) and at 1.98-1.24 Y  f°r two protona 
as a quintot (two aromatic hydrogens). Further support for the 
structure was obtained from its inertness towards alcoholic
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potassium cyanide. The formation of thc cyclic ethor is still 
not very olear. One possibility is that it raight origínate from 
incomplete methylation of the phcnolic hydroxyl coapound (127) 
which at the bromination stagc should give rise to the cyclic 
etlier (188),

This is very unlikely in view of the Chemical separational 
precedure involved in the preparation of the methoxy coapound 
(129), the chromic acid oxidation product of which was crystalline 
and analysed very well for carbón, hydrogen and broaino. O11 the 
otherhand demethylation night occur during the perbcnzoic acid 
oxidation of the dihydronaphthalene derivativo (ljrl) by an obscure 
nechanism. A third and likely possibility is that easy denethy- 
lation of the methoxy group during the ring extensión of the 
tetralone (1 3 2 ) by potassiun hydroxide ffiight be due to an
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activation effect imposed by a benzene nucleus carrying four
vicinal substituents* Alkaline cleavage of phenolic ether of

78this type is not improcedente! in the literature. Attempt to 
convort the 2-tetralone derivative (13 2) to the corresponding 
carboxylic acid (190) which it was hoped should be crystalline 
and serve as a purer starting material for the preparation of a 
tricyclic conpound reduciblo to conpound (13̂ +) failed,.

(13 2) c h 2.ch2 .c h2 .c n e 2= c h2 .c h2 .c h2.cooh
(189) (190)

(13*0 (13'+a)

rJ?he a cid was obtained as an oil
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Now the crystalline tetracyclic enone (18?) should give on 
Birch reduction followed by acia hydrolysis the ap-unsaturated 
keto-alcohol (1 9 1), It should then be possible for the carboxylic 
acid obtained by reacting the bronide (15 3) with potassiun cyanide 
followed by alkaline hydrolysis of the resulting nitrile to give, 
on Birch reduction, the enone (13̂ -a) instead of the octahydrophe—

nanthrene derivative (13*0 .

A /
m  ;

OAc

H (192)

¡!

1 i i1
s /

’ 1
V

r“... I ; !✓ * j 
■ ''■S ' ■■ '

(187)

-- -j

» j !
y OH■>

*i
IR

— ^ i ! !i
OAc

--->
Ote

.0

OH

II j

H (191)

.,0

H
(192a)

B = CH ̂ e CH ̂ • CH ̂ ♦ B r

(192b)

(1 9 2 c )

OAc
H

E 1= CH2 .CH2 .CH2 .C00H (137)

J
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The enone (18 7) was therefore reduced with seventy equivalents of
lithium in liquid ammonia in the presence of metlaanol. Instead of
obtaining the a(3-unsaturated keto alcohol (19 1) however, only the
double bond and keto group wer . reduced, and 8'P-Hydroxy-10a-methyl-
1,2,3i^*5i6,6a ,7 i8,9»10 ,10a-dodecahydro-1 -oxa-chrysene (192) m.p.
128° was obtained. The structure is in agrcement with the I.R.
spectrum. If on the other hund the benzene nucleus of (192) could
be fully reduced, then it would give on acetylation followed by
other cleavage with hydrobromic acid the bromide (192b) which can
be oxidized to (192c). This then could be converted to the ketone
(137) in the scheme» The tetracyclic hydroxy ether (192) was
catalytically hydrogenated in acetic acid over platinum oxide
catalyst for 38 hours and yet the benzene ring was not reduced.
Resistance of the benzene ring to reduction raight be due to
steric hinderance, provided by the bulky ether oxygen and the
hydrogen atoras of the methylene group ortho to the ring junction
where reduction should take place preventing the approach of proton

79donor to the aromatic nucleus» It was therefore not possible to 
continué with the scheme.

In the last synthetic pathway (see page 31 for the chart) 
ring C of a phenanthrene derivative was reduced to an enone prior 
to C-8 alkylation which provided the necessary side-chain envisagedUNIV
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in the preceeding pathway. Exploratory alkylation experiments 
viera carried out on 1 ,2 ,3 ,l¡-,5 »6 ,7 »9 t10 ,1 1 ,1 2 ,13-dodecahydro-l, 
l,-dimethyl-2p-hydroxy-12-nethyl-7-oxophenanthrene (193) again 
suppliod through the kindness of Professor D.A.H. Taylor. -Bromo

Sobutyric acid was prepared from a mixture of íf-Butyrolactone and
S160/¿ hydrobronic acia. Esterification of the crude acid with 

methanol gavo a mixture of butyrolactone, unreactod o cid and the 
required methyl ester. The contaninants vrere water-soluble and 
were therefore removed from the mixturo with water.

.,20

¿—

K o 50

, / N

y^'-~^y • y
H0 A i

"¡R

E = CH .CH0 »CH0 «COOCH-,
2 2 2 p

II 
OH
(193)

H0 A  s■ ' H

(195)
Condensation of the tricyclic enone (193) with"VWono methyl 
butyrate b,p. 186-187° in boiling xylene in the presonce of sodium 
hydride gavo the unchanged starting material. Although t-butoxide 
in t-butanol cffected condensation, this took place at the wrong 
centre and in the presonce of quite a largo oxcess of bromo ester.
The I.S. spectrum of the y o lio w substance m.p. 100° liad v max. 162.5,
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1666, 1725 cn"*̂  and no V* -OH and it absorbed at 242 mp in the U.V, 
The starting material also absorbed at 242 mVV The substance was 
prcsumably conpound (194). In an endeavour to forcé alkylation 
to go at C-8, condensation was attempted 011 the benzoato of the 
substrato. Yet there was no reaction. The most plausible reason 
is that the bromoestor probably eyelised back to 'á -butyrolactone 
before it had time to react with the alkali salt of the enone.

The next phase of the work was the preparation of 1.2,3»4,5, 
6,7 ,9,10 ,1 1a ,1 2 ,1 3  dodecahydro-12-methyl-2p-hydroxy-7-oxophenan- 
threne (147). The unsubstituted benzene ring of 2-naphthol was 
seloctively hydrogonatcd at high pressure over neutral P.ancy 
nickel catalyst in uethanol and the resulting tetrahydronaphthol 
nethylated with dimethyl sulphate to givo in overall 5b% yield 
5,6,7 ,8-totrahydro-2-nethoxy naphthalene (l4l) as a colourlcss 
liquid. It must be pointed out that complete reduction of the 
2-naphthol to the 2-tetralol (i,e. until hydrogen uptake coapletoly 
ceased) ivas necessary to avoid complication at the isolation stage. 
Introduction of an oxygen function to the C-5 benzene - activated 
position of the niethoxy tetralin was accomplished by oxidizing it 
with chromic acid to give a 46 yield of 6-metlioxy-l-tetralone 
(142). Eere, too, isolation of the product was sonétimes vory 
tedious due to bad temporature control during the addition stage
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of chrosuic acicl solution to the substrato. Peaction of methyl
nagnesium bronide with tho tetralono affordod in 90% yield 1 -
nethyl-3j4-dihydro-6-methoxy naphthalcne (1̂ -3). For the oxidation
of a largo amount of the dihydro naphthalcne, a largo quantity of

• 77a suitable poracid was required, Altliough perbenzoic acid was
used for similar oxidations described earlior in this account, the
yield of about 28% usually obtainod in its preparation did not
oncourage its use for a lar ge seáis operation. Monoporphthalic
acid was found as a suitable alternativo since it could be obtained
in a yield as high as 90% by a procedure outlined in Vogel's

82Practical Organic Choaistry and modified by Professor D.A.H
Taylor, If strict conditions for the experirient were not adhored
to a very low yield was obtained in the oxidation. When exactly
one equivalent or a little loss than one equivalent of perphthalic
acid was added at a low temperature to the dihydronaphthalene,
conpletely free from its precursor 6-aethoxy-l-totralone, a yield
of 50% of 6-mothoxy~l-nethyl~2-totralone v/as obtained. 6-Methoxy-
1 -aethy 1 -2-naphthol v/as isolated as a by-product in the rcaction,

59a rosult consistont with the oxperience of Howell aañd Taylor on
tho oxidation of same compound
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(3A1) (i^a) (1 4 3 )

^•OMe

« K Y
-h 2o o.1

r  >
-"OMe

H
+ '

(196) (197) (198)

A reasonablo mechanisn for thc oxidativo fornation of thc phenol 
from thc dihydro compound is irdicated by s trac tur es (196)-(198). 
Kobinson ring extensión of 6-riethoxy-l~Eiethyl-2~tetralone by moans 

of aothyl vinyl ketone afforded in 50% yield 7-methoxy-12-methyl- 
2 8 ,10,12-hexaliydro-2-oxophenathrene (145). Complete reduction 
of the enone in liquid annonia to thc dihydro cther (146) could. not 
be achieved oven with 28 equivalents of lithiun in the presence of

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



63

a-propanol» However, it was possible to isolate in puro forra 50?j 
yield of tilo product as agninst yield reported in the litera- 
turo^» Complete mild hydrolysis of the dienol ether with oxalic 
acid was not accoraplished after 2 hrs. A reaction time of ssven 
hours was necessary for complete hydrolysis of the ether to the 
¡3'í'unsaturated keto-alcohol (199) m.p. 93-95°• A max. 228 mi*,

(ltó) (199) (200)

Monoalkylation of {3?f- unsaturated ketone with siaultaneous
double boad isoraerization liad been achieved in the course of

8 $studies on structure of Cassaic acid and other related work . 
The procedure applied to the alkylation of the benzoate (200) with 
*-bromo methyl butyrate in the presence of potassium t-butoxide 
in t-butanol gave back the starting material A  max, 228 m¿i»
5-Bromo-2-pentanone, preparod by the action of aquoous hydrobromic

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



64

acid on oc-acetobutyro lactone according to the procedure outlineá
85for thc preparation of 5-chloro-2-pcntanonc in Organic Syntheses

was converted to the ethylene kotal by the usual procedure, The
86bromo kotal reported crystalline in the literature was obtained

as an oil in fairly good yield, the by.product being presumably
acatyl trinethylene, It was deketalized when passed through a
colman, It howcver gavo fairly good elemental analysis for C, H
and Br, Alkylation of the non-conjugated keto benzoate (200) with
the bromoketal in the presence of potassiun t-butoxide in t-
butanol yielded a mixture which absorbed at 225 mXJ. Certainly
tliere was no reaction. The dienol ether in acetona was completely
converted in 85% yield by hydrochloric acid hydrolysis to the cx8-
unsaturated ketone (147) m,p, 123-124°, "V max. l6l6, 1666 and
3¿¡-00 cm”^. Amax. 242 mU (6,17,000), The spcctral properties

■ 48viere in agreeaent with those reported in the literature, Atteapt
to alkylate its benzoate (147b) (n.p, 177-179°) with bromo methyl

48butyrate failed as before. Although soae Japanese workors 
effected condeusation between tlie benzoato and 2 ,2-ethylone 
dioxy-5 bromo-pentan-2-one in boiling xylene containing sodium 
hydride, atteapt to repeat this also failed, Tliis night be due 
to the poor quality of the sodium hydride. Inverse addition of 
the benzoate to a boiling xylene solution of sodium hydride and
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the bromo kctal 5'ave a mixturo which after alcalino kydrolysis
absorbed at 210 and 250 a,; and contened soao of the right 
stuff. VJhon, on the other han! the alhylation ñas carriol out 
in t-butanol in the presenoe of excess potassium t-u.o 
product, after alalino hydrolysis, absorbed at 213 ntt and 225 *1». 

Ihis indicated dialkylation of the onone to a proaac», of the

tvpc (201).

H
(20 1) (1^9)
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A very clcan mono alkylation product (l¿¡-8) /Vmax, 250 n\fwas 
however obtained when an cxccss of the bromo Icetal was usad in the 
pressnce of an exactly OIIE equivalont of potassium t-butoxide in 
t-butanol, followed by allra.li.no hydrolysis of the condensation 
product.

Attompt to reduce by catalytic hydrogenation the ap-unsatu- 
rated ketone (1 ^8) to the fally saturated kato alcohol (1 A-9) over 
palladised charcoal or palladium-on-culcium carbonate resulted in 
extensiva deketalization of the starting material with the double 
bond not reduced, Deketalization might be due to non-neutrality 
of the catalyst, since, in the case of palladised charcoal, 
concéntrate! hydrochloric acid involved in its preparation night 
not be completely removed. That deketalization had oceurred was 
evident from the fact that the I.h. spectrum of the product from 
the reaction of nicthyl mangnesiun bromide with the hydrogenated 
material followed by hydrolysis showed. no carbonyl absorption. 
keduction by ncans of lithium in liquid amaonia in the presence 
of ammoniua chloride though effoctivc, led to a mixture of the

i
reduced product and the starting material without deketalization, 
The mixture was not separated but was reacted with methyl magnesitas 
bromide. After acid hydrolysis the I.H. spectrum of the mixture 
indicated a strong saturated carbonyl absorption. Among the
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possible products that could be present in tho mixture are 
substances (202), (203) and (150). Important signáis in tho ÍT.M.K. 
spectrun of the mixture occurred at 6.0̂ i-̂  (CK OH), at 6.96 T,

P(CH3 CO CH2-) at 7.i‘Ob Y (CH^-C-l), at 8.5 T  (CI^-C-OH) and at 
8.96 Y ( c h 5-c -).

» t »

H H H

(202) (203) (150)

If substance (203) vras a conponent of the mixture, tlien an 
absorption duc to C-6 olcfinic hydrogen should be present at 
The signal was conspicuously absent. The mixture vías acetylated 
with boiling acetic anhydride. The IK. spectrum showed a strong 
acótate carbonyl absorption and no hydroxyl band, henee the mixture 
did not contain the tertiary alcohol (202). Any olofin in the 
mixture resulting fron the action of methyl magnesium bromide on 
the fully saturated loetonc (1 ^9) should thereforo be tho olefin (150)
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After acetylating with boiling acetic anhydrido ? the mixture in 
etliyl acetato wns treated with ozone at - 6Io in a bath of 
chloroform in liq.uid air and the ozonide reduced imaediately by 
shaking the solution with acetic acid and zinc powder. The 
mixture which should contain the triketone (151) was refluxed 
with nethanolic 2xí sodiuu hydroxide. After careful chromatography 
10 ng, of an oil which had low intensity U .V. absorptions at 
225 myü, 255 mK and 310 alíwas obtained. The U.V. data were

( 151)

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



69

in fair agroement with structurc (152). Botter agreencnt would 
ccrtainly bo achieved if this was crystalline. The oil did not 
crystallize, which was not unusual with C-ñor-D-liorna ring systems. 
In fact Kawahara and Mitsuhashi^ liad recently concluded from their 
exporionce on thc synthesis of C-nor-D-homo epiandrosterono that 
the C-nor-D-homo steroid systens proved to be generally more 
difficult to obtain crystalline than thc normal steroid deriva
tivos. The oil was however, not sufficient for further 
purification by physical aetliods.
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Melting points wcro cleternined by means of soft-glass 
capillary tubing unless otherwise stated. I.F:. and U.V, spectra 
xvere recorded on a Perlcin Elmcr model 137 and U.V. measurenents 
were taken in methanol Solutions. íT.M.E. spectra were recorded 
on a Varían A56/60 spectroncter. In all cases deutcro-chloroform 
was the solvent. Act. alumina type H of act. 1 - 1 1  was used and 
vías sometimos deactivntod by 5% its weight of a 10% aq« solution 
of acetic acid.

2 ,7 Dimethoxy naphthalene: 2,7 dihydroxy naplithalene was nethylatc-d
9according to the procedure of Cornforth and Bobinson used for 

tho nethylation of 1 ,6-dihydroxy naphthalene: 2 ,7 dihydroxy 
naphthalene (200 g; 1 .2 5 mole) was dissolved in 2IT sodium hydroxide 
(1120 c.c.) in a one-necked 5-litre flask and dimethyl sulphate 
(250 mi; 2.7 mole) added at once. The mixture was shaken and 
prevented from actually boiling by inmersión in an ice-bath until 
reaction had subsided, 211 sodium hydroxide (5&0 c.c.) and then 
dimethyl sulphate (125 mi; 1 . 3  mole) were then added. When the 
second reaction slackened excess of dimethyl sulphate was destroyed 
by warming with frequent shaking for half an hour on a water-bath, 
The warm liquid was acidified with conc. hyúrochloric acid and was
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extracted' with chloroíorm. The chloroformic extract was washed 
with 2H sodiun hydroxide and then evaporated, The crude dimethoxy
compound (220 g; 93.6%) crysta.llized from methylated spirit as

o oplates m,p, 139 • Literature valué 139 •

7~Hethoxy-2-tetralone: 2,7 dimethoxy naphthalene was reduced
51according to the modified method of Cornforth and llobinson 

outlined ir. Org. Syn. for 2-tetralone; 2,7 dimethoxy naphthalene 
(220 g; 1 ,1? mole) was dissolved in 95% etiianol (1900 c.c.) in a
5-litre three-necked flash. fitted with a mechanical stirrer, a 
double-surface condenser, and a Y-shapped adaptor to allow for 
the introduction of both sodiun and nitrogen, The apparatus vías 
flushed thoroughly with nitrogen and its flow reduced as soon aB 
the solution began to boil. The sodiun (190 g; 6,3 g. atoms) vías 
added in small portions. More ethanol (¿¡-00 c.c.) was added as soon 
as the liquid becarne viscous and the addition of sodiun continued. 
When all the metal had dissolved, water (600 c.c,) was cautiously 
added and most of the alcohol removed under diminished pressure.
The residue vías mixed with more water (300 c.c.) and the lower 
aqueous layer was separated as far as possible and extracted twice 
with a little dioxan which was then United with the oily layer,
To this was added water (250 c.c.) and then conc. hydrochloric 
acid (100 c.c.; d, 1,18) to Congo red. More acid (30 c.c.) was
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added and the liquid kept on a water-bath for 30 minutes. The 
lower oily layer was diluted with water (1 libre), separated from 
more oil and extracted thrice with small quantities of chloroform. 
Sodium bisulphite adduct of the 2-tetralone. The crude tetralone 
in chloroform was shaken with a coid solution of sodium metabisul- 
phite (250 gm.) in water (500 mi.) until crystals began to appear. 
íText day, the niass was triturated with ether, the solid was 
collected and washed with ether until almost colourless.

Decomposition of the bisulphite adduct. The solid dissolved in
hot water (2-3 litres) was treated with solid sodium carbonate
until no more oil separated. The solution was extracted with
chloroform; the chloroformic cxtract washed once with 10%
hydrochloric acid and then severally with water until the washings
were neutral to litmus paper. The organic solvent was removed and
the residual oil redistilled under reduced pressure. The oil
distilled heneen l'j>0-lkO°/5 mm. to give 66 gm, (2 5.6%) of 7-
methoxy-2-tetralone. V aax. r?60 cm **" (strong carbonyl) . B.W,
Horrom and E, Zaugg f reported b.p. 123-125' (4 roa), G.B. Diammond

88 W?and n.D. Soffer ' reported same. I-I. Kuehne^ reported a yield of 
65% b.p. 130-1^0 (0 ,3 mm).

Identification of the non-ketonic portion. Thin píate chromato-
graphy of the oil revealed three spots, two of which had E.F, valúes
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corresponding to 7-methoxy-p-tetralone and 2 ,7 dimethoxy naphthalene. 
The mixture was then passed through a c oliven of activated alumina. 
Petroleum ether eluted 7-methoxy tetralin. Pet. ether containing 
10% benzene eluted 2,7 dimethoxy naphthalene while benzene eluted 
a trace of 7-methoxy-2-tetralone.

7-Hethoxy-l-methyl-2~tetralone. 7-Methoxy-2-tetralone was methy- 
lated by a modified procedure of M» Kuehne « Butane gas (purified 
by first passing it through cono. sulphuric acid) was passed 
through a sclution of ?-methoxy-2-tetralone (Hi- gm; 0,079 mole) in 
dry benzene (150 c,c.) in a 500 c,c. two-necked flask. Then 
pyrrolidine (7 gm; 0,099 mole) was added and while still in an 
atmosphere of butane the mixture was refluxed with a water- 
separator for 5 hours on a water-bath. After concentration in 
vacuo, the residual oil in methanol (100 mi.) was treated with 
methyliodide (1¿!- c.c.) while cooling. The mixture was then 
refluxed on a water-bath for 2 hrs. 20 c.c. of 5% solution of con, 
sulphuric acid in water was added and the mixture refluxed for 
further 12 hrs. on the water-bath. The mixture vías diluted with 
water, the oil whicli separated was removed and the aqueous mother- 
liquor extracted with chloroform. Both the oil and the chloroformic 
extracts were United, washed neutral with water, dried over 
anhydrous magnesium sulphate and the organic solvent removed.
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Redistillation in vacuo gave 7-methoxy-1~methyl~2-tetralone,
(12.1 gra; 80$) as light yellow oil, b.p. 160-170°/15 mm. Reported
b.p. 123-^° (0.25 mm.) in 91$ yield. This has also been obtained
by the perbenzoic acid oxidation of 7-methoxy-1 -raethyl-3 jdihydro 

59naphthalene .

1 -Tetralone was prepared by the procedure essentially that
57of Truce and Olson modified by C.E. Olson and A.R. Bader . A 3**1 

three-necked flask was fitted with a mercury-sealed stirrer, an 
efficient condenser capped by a drying tube filled with calcium 
chloride and a wide-bore rubber tube leading to a 1-litre 
Erlenmeyer flask. One litre of dry thiophene-free benzene and 
.y-butyrolactone (lO¿f g.; 1 .2 1 mole) viere placed in the three- 
litre flask. Anhydrous aluminium chloride (600 g; ^.5 moles) was 
placed in the flask and was added to the stirred reaction mixture 
at such a rate to make the reaction mixture reflux smoothly,
(about 2 hours). The mixture became dark brown, refluxed gently 
and evolved hydrogen chloride. After the addition of all the 
catalyst, the mixture was heated on a steam-bath with continued 
stirring for 1 6 hrs. It was then cooled to room temperature and 
poured onto 3 Xg, of crushed ice drenched with 500 c.c. of conc. 
hydrochloric acid. The lower aqueous layer was separated and 
extracted with about 500 ral. of toluene. The brown organic upper
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layer and the toluene extract were combinod, washed successively 
with water, 20% potassium hydroxide solution and water and 
digtilled under reduced pressure to reaove benzene, toluene and 
traces of water. Distillation of the residue in a Claisen flask 
yielded 1 -tetralone (l6o g.; 91%) , b.p. l4-3-l4-5°/20 mrn. 'i max.
I76O cm"^ (co). Reported yield 91-96% b.p. 75~85°/0.3 nun. 
Semicarbazone (n.p. 216-217°) was quantitative.

1-Methyl-3t 4— dihydro naphthalene. A dry five-litre three-necked 
flask was equipped with a dry stirrer, a condensar and a 250 ral. 
separatory funnel. Eoth the double-surface condenser and the 
separatory funnel carried tubes of absorbent cotton wool. In the 
flask magnesium, (22 gm; 0.92 mole) covered with ether (400 mi.) 
was placed, and nethyl iodide (60 ral.) was added. The reaction 
started spontaneously and was complete when all the magnesium had 
reacted. It was then refluxed for fifteen more minutes. 1-Tetralo 
(84 gm. ; 0,58 mole) in ether (500 mi.) was added slowly with 
stirring. After stirring for one hour on a water-bath, saturated 
ammonium chloride solution (120 gm. in 240 mi. of water) was added 
to the cooled mixture. The ethereal layer1 was separated and 
evaporated after drying over anhydrous magnesium sulphate. The 
oil solidified on cooling to give l-methyl-1,2,3,4- tetrahydro-1 -

•« Oq

naphthol m.p. 89° 'vmax. (chlorofora) 3400 cm (OH). Reported
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m.p, 88-89°» Fused potassium hydrogen sulphate (100 g) was heated 
with. all the carbinol obtained from above in an oil bath maintained 
at 120-130° for 2 hrs. After cooling to roorn tempera ture and 
separating the hydrated potassium hydrogen sulphate the water- 
potassium bisulphate was extraeted with ether and the oil and ether 
extracte were united and dried. After evaporating the ether, the 
residue was fractionated Iív VACUO to give l-aethyl-3: ¿f-dihydronaph 

thalene b.p. Sk°/5 mm: n^1 1 .576 1. Reported b.p. 8^°/5 mm. 
l-Methyl-2-tetralone Method A. This was prepared by the method 
of I-Iowell and Taylor'^. 1 -Methyl-: ~j>: k-dihydro naphthalene (130 g; 
0.90 mole) was added slowly with shaking to perbenzoic acid 
(130 g; 0.9^ mole) in acetone (1 litre) at 0°C. After 12 hrs. the 
solvent was evaporated and ether added. The solution was washed 
until neutral and the ether evaporated. The residue was then 
refluxed for k hrs. with aethanol (800 mi.), conc. sulphuric acid 
(100 mi.), and water (600 mi,;. The mixture was cooled, extraeted 
with ether, the ether washed neutral with water and the organic 
solvent evaporated. l-Methyl-2-tetralone (100 g; 69.2%) was 
collected at l68°/3° mm, and had n̂ ‘ I.5568. Semicarbazone m.p.

191°C (Found; 0, 8l,60; H, 7.^2% ^2.^12° re<̂ uires C» ^2.^6 H, 7.55%) 
V max. 1725 cía” 1 (co). Reported b.p. 128°/lA- mm. n^° 1 ,5568; 
semicarbazone m.p. I87-I89.
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Method B .
Methyl-B-naphthyl ether was reduced by aeans of sodium in 

boiling 99% ethanol to 2-tetralone as outlined in Organic Syntheses. 
2-Tetralone (70 gm; 0.4-8 mole) was refluxed in benzene (200 mi.) 
with pyrrolidine (40 gm; 0.56 mole) with azeotropic removal of 
water for 3 hrs. Concentration in vacuo gave enamine of 2-tetralone 
m.p. 80°. The enamine in methanol (500 c.c.) was refluxed for 
2 hrs. with nethyl iodide (80 c.c,). The quartenary amine salt 
was decomposed by refluxing with 100 c.c. of 5% sulphuric acid for 
12 hrs. The reaction mixture was diluted with water, the aqueous 
solution extracted with chloroforra and the chloroforraic extracts 
washed neutral and clried over anhydrous magnesiun sulphate. After 
evaporation of the organic solvent the residue was distilled in 
vacuo b.p. l68°/30 mm. Semicarbazone had m.p. 191° same as for 
semicarbazone of l-methyl-2 tetralone prepared by method A,

2: 3 ? 4-: 9:10:12-Hexahydro~12-aethyl~2-oxo--phenanthrene.
4-7This was prepared by a modified method of Kuehne * 1-Methyl- 

2-tetralone (20 g; 0 .13 mole) was dissolved in methanol (200 mi.) 
in a three-necked 500 mi. flask equipped with a stirrer, a condensen 
carrying a separatory funnel and a gas-lead. Eutane gas purified 
with conc. sulphuric acid was passed through the flask which was 
immersed. in a cold-bath. When the temperature of the solution had
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fallen to 0°C, potassium hydroxide (8.5 g; 0 .15 mole) in water
(15 al.) was addea to the solution by removing the gas-lead for a 
short while. The well-stirred solution was cooled to - 20°, and 
then raethyl vinyl ketone (8.75 g; 0.125 aole) in methanol (10 al.) 
was added dropwise over one hour. It was stirred for a further 
one hour. The systera vías dismembered and two of the three necks 
of the flask securely stoppered. The third neck vías fitted with 
an adaptor carrying a clipped rubber-tubing containing a tiny hole<- 
The reaction was then loft overnight, Butane gas was arain passed 
through the solution vrhich v;as refluxed on a water-bath for 3 hrs.
The three necks of the flask viere corked while hot, and the flask 
was cooled in ice-water. The coid contents of the flask were 
quickly poured onto crushed ice containing conc. hydrochloric acid 
(12.8 ni; d.1»18). The solution was extracted with chlorofora, 
the chloroformic extracts viere washed with water and dried. over 
anhydrous roagnesium sulphate and the organic solvent removed. The 
residue was redistilled in vacuo. Fraction b.p. 150-l68°/30 inn, 
was l-methyl-2-tetralone. Fraction b.p. 168-210°/30 mm. was the 
required phenanthrone. The viscous oil was diluted with 1:1 benzene- 
pet. ether and filtered through a short column of activated alumina. 
The solvent ivas removed and the oil crystallized from pet. ether 
(ltO-60), m.p. 89-90°. (Found: C, 84.8¿:-; H, 7.6l C Hl6 0
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requires C, 84.87; H, 7*60) ^ max. (Hujol) 1666 cm”1 , 1634 cm”1
Xmax. 2 11 mtt (¿ 143JO). Xmax. 235 mil ( 19442 ) . Feported m.p. 90° 5
2: 3: 4; 9t 10*. 12-Iíexahydro~6-methoxy-12-methyl-2-oxophenanthrene. 
7-Methoxy-l~methyl-2-tetralone (20 gm., 0 .105 mole) in methanol 
(200 mi.) was condensed with methyl vinyl ketone (8 gm; 0.105 mole) 
in methanol (40 mi.) in the presence of potassium hydroxide (8 gm;
O. 143 mole) in water (16 mi.) using the procedure for 2:3:4:9:10: 
12-hexahydro-12-methyl-2~oxophenanthrene outlinee above. Fraction 
b.p. 16O-I8O°/30 mm, was mainly 7-methoxy-l-methyl~2-tetralone
(5 gm). The phenanthrone was collected as viscous oil b.p. 180 - 
220°/30 mm. It was diluted with benzene and filtered through a 
column of activated alumina. The benzene was removed and the 
residual oil treated with ether-pet. ether to give 10 gm. of yellov; 
crystals m.p. 63o. The yield was 52.3% taking into account the 
recovered starting material. (Found: G, 79*25; II» 7.25.
Cl6Hl802 requires C, 79*31? H, 7*49). ^  max. 1575 cm”1 , l6l6 cm” 1  

1670 cm” 1 .4 max. 205 mtf.(fc 1 2 ,5 0̂ ) Xmax. 228.5 mtf ($ 1 8 ,670). 
Howell and Taylor"^ reported m.p. 63°, yield 50% K, F.aman and
P. H. EaO^ reported a yield of 62% (oil) and M. Kuehne^ reported 
m.p, 78.5-79° (ethanol) and a yield of 71%* In one run, the 
uncyclised intermedíate adduct m.p. 92 (’tfmax. 1750 cm , 3570 cm 
was isolated and cyclised to the phenanthrone m.p. 63°*
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1; 2: 3; k: 9:10:11:1 2 : O ctahydro-6-methoxy-12-aothyl-2-oxophenanthrene .
2:3: V. 9:10:12 hexahydro-6-nethqxy-12-methyl-2-oxophenanthrene 

(10 gm; 0 .0 ¿M mole) in tetrahydro faran (200 mi.) was added to 
liquid ammonia (¿iOO mi.) containing litliiura (1 gm; 0.1^2 mole).
After five minutes, ammoniua chloride (l6 g; 0,301 mole) was added. 
Water and ether wero added. The ethereal layer was separated, 
washed neutral with water, dried over anhydrous nagnesium sulphate 
and the ether evaporated. The oil crystallized from methanol to 
give platos (7.8 gm; 78#) m.p. 130°. literature valué ^ m.p. 
129.52130o; (34?í).

Trans-2¡3~hydroxy-l: 2: 3; k: 9:10:11; 12 octahydro-6-methoxy--12-methyl 
phenanthrene.

1 :2: 3 : 9; 10:1 1 : 1 2  octahydro-6-methoxy-12-methyl-2-oxophenan- 
threne (3 gn; 0.012 mole) was dissolved in T.H.F. (tetrahydrofuran) 
(10 mi.) and added to methanol (50 mi.). Sodiura borohydride 
(0.75 gm,; 0.02 mole) in 211 sodiura. liydroxide (1 mi.) and diluted 
with water (8 c.c.) was added dropwise and very slowly to the 
methanolic solution which was stirred nechanically and cooled in 
ice. After the addition the ice-bath was removed and stirring 
cor.tinued for h-3 mins. The solvent was removed on a water-bath 
and the residue after dilution with water was extracted with ether, 
the ether washed with water, dried over anhydrous magnesium sulphate
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and e v a p o ra te d .  The a lc o h o l  was o b ta in ed  a s  a c o l o u r l e s s  o i l »

This did not crystallise and was probably a mixture of the 2|3 and 
2-a isomeric alcohole.

L i t h iu m - l iq u id  am m onia-alcohol r e d u c t io n  o f  T r a n s -2|3- h y d r o x y - l ;
2:3?4:9:10:11:12 octahydro-6-methoxy~12-methylphenanthrene.

t iThe alcohol (2.5 g; 0.01 mole) in ether (100 mi.) was added 

to liquid ammonia (300 mi,) containing lithium (0.5 g; 0.07 mole). 
Methanol was added dropwise until the blue colour was discharged» 
More lithium (0.5g x 3) was added and the colour discharged with 
methanol. The solvent was allowed to evapórate, the residue 
diluted with water and extracted with chloroform, to give the 
correspondiug dienol ether.
(a) The dienol ether (17*9 gm; 0.072 mole) suspended in methanol 
(100 mi.) was treated with a solution of oxalic acid (4 gm; 0,037 m/ 
in water (5 mi,). The mixture was left at rooa temperature for 
2 hrs, diluted with water and extracted with ether» The ethereal 
layer was washed with water and evaporated. The oil mostly trans- 
2P~hydroxy-l:2:3’4:5?6s7:8;9:10:11i 12: dodecahyd.ro-12-methyl-6-oxo- 
phenanthrene did not crystallise though it showed strong hydroxy and 

carbonyl absorptions '9max. 1710 cm-^ (non, conj. co) 5 3430 cm“^ 
(hydroxyl).
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C"b) The dienol ether (2 .5 grn; 0.01 nicle) was refluxed for 3 hrs. 
with ethanol (150 mi.), water (25 mi.) and cono, hydrochloric 
acid (25 mi*). It was diluted with water, extracted with chloro- 
forrn and the chloroformic extracta washed with water, dried over 
anhydrous magnesium sulphate and evaporated. The oil was passed 
through a column of activated alumina. It did not crystallize.
It was benzoylated in pyridine with benzoyl chloride. The benzoate 
(m.p. 1A0°-Itó°) which did not form a D.IT.P, was trans-2g-Benzoloxy: 
1:2: 5: ki 7 : 8; 9; 10:1 1 ; 1 2 ; 1 5 s l'¡— dadecahydro-12-methylphenanthrsne.
>%max. (Nujol) 720 cía"1, 1 5 8 7  ca"1, 1 6 3 ^ cnf1 and 1725 cm"1.

1 :2:5:4:9?10:1 1 - 1 2  0ctahydro-6-hydroxy-12-methyl-2~oxophenanthrene 
1 :2: 3: k: 9:10:1 1 : 1 2  octahydro~6-methoxy~12-raethyl-2-oxophenan- 

threne (1 gm; 0.00^ mole) in acetic acid (20 mi.) and ^ mi, 55% 
hydriodic acid (previously refluxed over red phosphorous) were 
refluxed for 2 hrs. by direct heating. Bther a.nd water were added 
and the ether layer washed with aqueous solución of sodium nietabi- 
sulphite and then with water. The ethereal solution was dried and 
evaporated to give an oil which solidified over pet. ether (60-80°) 
and was crystallised from aqueous ethanol. The phenol had m.p. 174° 
and went brown with a drop of ferric chloride solution ') max.
(Nujol) 1700 cm""1 , and 3h00 cm"1.
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Sodinm-boroliydride reductior. of 1; 2: 3' 4: 9* 10t lis 12-octahydro-6- 
hyclroxy-12 methyl-2-oxophenanthrene.

Sodium borohydride (0.1 gm; 0.02 mole) was dissolved in 2IT 
sodium hydroxide (1 al.) and the solution diluted with water (1 mi). 
The phenolic ketone (1 gm; 0.004 mole) was dissolved in tetrahydro 
furan (10 ral.) and the solution diluted with methanol (10 mi).
The resulting solution was cooled below 0°G and the borohydride 
solution added to it dropwise. After the addition it was allowed 
to stand for 1 hr., and the solvents evaporated at ordinary 
pressure on a water-bath. The residue was diluted with water and 
extracted with ether. The ether was washed neutral and dried over 
anhydrous magnesium sulphate. After evaporating the ether, the 
residue was crystallized from a mixture of ether and cyclohexane. 
Product^had m.p. 108-ll8° and was probably a mixture of the 
epiraeric alcohols, The mixture was acetylated by refluxing it 
with glacial acetic acid (10 mi.) for 4 hrs. Excess acetic acid 
was removed in vacuo. The residue was crystallised from cyclohexane 
and then from aqueous ethanol, to give 6-hyd.roxy-2-acetoxy-12  

methyl-1 ;2: 5? 4: 3:10:1 1 :12-octahyflro plienanthrene as an amorphous 
solid m.p. 144-146° V max. (ílujol) 1700 cm ^ and 3400 cm 

(Found: C, 74.32%; H, 7.6 5. C17H22°3 rea*uires c> 74.42%; H, 8.08%).
The methanolic solution of the product went brown with a drop of
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1 : 2 : 5s 6 :7 : 8 :  9 : 10:11 a :  12; l ¿i-p-Dodecahy d r o -2 i3 hy d r o x y -12-m e th y l-

6 -o xo p h en an th ren e .

Lithium (k gm; 0.97 atoa.) was dissolved in liquid aramonia 
(l litre). After five minutes, 2: 3: 4: 9 :10: 12~hexahydro-6-methoxy- 
12-methyl-2-oxophenanthrene (9 gm; 0.021 mole) in purified tetra- 
hydro furan (200 mi.) was added to the lithium solution. After 
another five minutes n-propanol was added dropwise until the blue 
colour was discharged (about 75 mi,)» This was followed by an 
addition of lithium (3 gm) and then n-propanol. The process was 
repeated until in all 10 gm. of lithium liad, been added. The ammonia 
was allowed to evapórate and the residue diluted with water, was 
extractad with chloroform. The chloroxoraic extracts aere washed 
with water, and dried over anhydrous maguesium sulphate. The 
solvent was removed to give the corresponding crude dienol ether as 
a viscous oil. The oil in methanol (190 mi.) was treated with cono, 
hydrochloric acid (29 ral.) and water (29 mi.) and was refluxed for 
3 hrs. The reaction mixture was diluted with water and isolated 
with chloroform. The oil was passed through a colman of deactivated 
alumina. Pet-ether, pet. ether - benzene, and benzene eluted non- 
ketonic fractions. Benzene containing 30% and 90% diethyl ether
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e lu te d  1 : 2 : 3 ; 6 : 7 : 8 ; 9 i 10 s 11 cc:12:l¿i-¡3 dodecahydro- 2;3 h y d ro x y -12-  

i ' ie th y l-6~o;;oph.enanthrene . m .p. 118- 120°  ( d i e t h y l - e t h e r ) .  The 

y i e l d  was 1.5 gm. (31%)* (Found: C, 7 6 .7 8 ,  H, 9*65 ^ 13^ 2 2 ^ 2

r e q u i r e s  C, 7 6 .8 8 :  H, 9 *^6 ) .  max. (c h lo ro fo rm ) 1610 ca "L,

1666 cm”^ (conj. carbonyl) and 3^30 ca""'1' (hydroxy) h max. 238 m,W 
(t 17,l60). The benzoate m.p. 17^° had "'Imax, (ITujol) 717 ca \  

l6l6 cm”1 1666 ca-1 and 1725 cm”1. Howell and Taylor^ used 
sodium instead of lithium used here and methanol instead of 
n-propanol. Eeported m.p. 1 18-120° (1 5%) •

Catalytic hydrogenation of 1: 2: 3 - 6 : 7  • 8: 9‘ 10: H  oc:12:l¿¡-(3 dodeca- 
hydro~23-hydroxy-12-methyl-6-oxopheuanthrene.

37 1The procedure followed was that of Howells and Taylor .
The unsaturated ketone (0.5 g; 0.002 mole) in puriíied ethanol 
(20 mi.) was placed in a hydrogenation flask and shaken up with 
hydrogen in the presence of palladium-on-calcium carbonate catalyst 
(0,25 g.) until the hydrogen up-take coupletely ceased. The 
solution was filtered froa the catalyst and the ethanol completely 
removed in vacuo. The oil crystallised slowly froa dry diethyl 
ether to give the fully satúrate! keto alcohol (0.3 gn; 60$) as 
colourless prisma m.p, 98-102°, (Found: C, 76.l8, H, 10.k2 
C ^ H 2^02 requires C, 76.3? H, 10.2).
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Literature valué m.p. 98-102°, Instead of palladium-on-calcium 
carbonate palladium-on-carbon was also used. Eydrogenation 
proceeded smoothly but tlie product did not crystallize.

Trans-anti-trans-7~Purfurylidene Perhydro-2-hydroxy-6-oxophenanthrene.
37This was prepared by the method of Howells and Taylor , The 

fully satúrate! hydroxy phenanthrone, (120 ng; 0.0005 mole) was 
kept overnipht under nitrogen with furfuraldehyde (100 rag; 0.001 
mole) in the presence of 33% sodium hydroxide (2.0 mi.). The 
mixture was diluted with water and extracte! with chloroform. The 
chloroformic extracta were washed with water, and dried over 
anliydrous mague siurn sulphate. The chlorof ormic solution was 
filtered through a short colman of activnted alumina. The solvent 
was evapórate! when yellow solid m.p, 196-198° was left behind.
The product crystnllizea from methanol to give 120 mg. (75.8%) of 
trans-anti-trans-7-fu^i'nrylidene perhydro-2-hydroxy-6-oxophenan- 
threne m.p. 204°. Literature valué 197-207° (Found: C, 76.25»
H, 8.43» c20h 26°3 requires C, 76.4; H, 8.3 ) '5 nax. (¡Tujol)
747 cm- ,̂ 1584 cm*"̂  1666 cb \  3570 cm ^ Á max (methanol) 324 mU
(6 24,220)
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6(3-Acetoxy-13_5_2_a-¿i_(methoxy carbonjyl methyl) -9!3-methyf-trans decalin 
Trans-anti-trans-7-Furfurylidene perhydro-2-hydroxy-6~ 

oxophenanthrene (6 gm; 0.019 m.) in pyridine (50 mi.) was treated 
with acetic anhydride (7 mi; 0.07 mole) and allowed to stand for 
2 days. The solution was diluted with water and the product 
isolated with chloroform to give the acétate of the fnrfurylidene 
derivative m.p. 15'+-156° y max. (Iíujol) 780 cm \  158'+ cm \

1666 cm’“, 1725 cm~“. (Found: C, 73* 9*+? H, 7*63 ^22^28^A reclu^res
C, 7'+.13, H, 7 .92)
(a) Atteapted alkaline hydro,p;en peroxide oxidation of the acétate 

of the furfurylidene derivative.
ITitrogen vías passed through a solution of 0.2 gm. (.0005 mole) 

01 the furfurylidene ketone acétate in 20 mi. of ethanol. Then 
20 mi. of a solution of sodium (6 gm; 0.26 at) in ethanol (170 al.) 
was added followed by 30% hydrogen peroxide ('h ni.). The thick 
paste v;as stirred un til h orno gene ous and again 20 mi. of the 
ethoxide solution v/c.s added followed by 10 al. of 30% hydrogen

1
peroxide solution and the paste was again stirred until homogeneous. 
The mixture was stirred overnight, concentrated in vacuo at 50° on 
a water-batli, and the residue diluted with water. The alkaline 
solution after being washed with chloroform was acidified with dil. 
sulphuric acid and extractad with chloroform.
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'The chloroforaic extr.act was washed with water, and driecl over 
anhydrous magnesium sulphate. The solvent was removed to give a 
residue whose infra red spectrum vías identical with the hydroxy 
furfurylidene ketone. i.e. hydrolysed starting material.
(b) Ozonolysis of the iurfurylidene ketone acetato.

The furfurylidene ketone acétate (200 mg.; .0005 mole) in 
methylene chloride (40 mi.) was treated with ozone at -70° in a 
bath of acetone-solid cartón dioxide, until a persistent blue 
colonration was obtained. It was then ozonised for further one 
hour; and allowed to stand at rooa temperature until the blue 
colour was discharged, The solvent was coapletely removed and to 
the residue was added glacial acetic acid (20 mi.), water (5 mi.) 
and 30# hydrogen peroxide (2 mi.), The vessel was then corked and 
allowed to stand overnight. The solution was diluted with water 
and then extracted with ether. The ether extraet was washed free 
of acetic acid with water and extracted with 40 mi. of 10# aqueous 
potassium carbonate. The alkaline solution was washed twice with 
little ethyl acétate and acidified with dil. hydrocliloric acid.
The product was tafeen up in chlorofora, the extraet washed with water 
and dried over anhydrous magnesium sulphate. The residue after 
evaporating the organic soDrvent crystallized from a little ether 
to give 133 mg. (71#) of the acétate diacid m.p. 200°. The acétate
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diacid (133 mg; .000A nirn) in mothanol was treated with distilled 
diazo-methane and tiie solution allowed to stand for 20 mins and 
then concentrated when 132 mg. (92%) of colourless crystal of the 
acétate dimethyl ester m.p. 103° was obtained. The infra-red 
spectrum of this ester was completely idéntica! with that of an 
authentic specimen kindly supplied by Professor D.A.E. Taylor. 
(Found: C, 6^.5^; II, 8.30 C ^ H ^ O g  requires C, 6^.38; H, 8.33). 
Literature"^ m.p. 103 » The IT.M.E, spectrum showed significant 
absorptions at 9«2T  for 3 protons as a singlet (C—9 methyl), at 
7.5 T  for 3 protons as a singlet (C —6 acétate methyl), at 5*5^'T 
for 6 protons as a singlet (two 0-methyl) and a.t T  for 1
proton as a multiplet (C-6 hydrogen).

6p Hydroxy-lg;2a-diacetic acid-9i3-methyl-trans decalin.
The preceeding acétate diester (200 mg. ; .0005 m) in raethanol 

(20 mi.) was treated with potassium hydroxide (200 mg; .0035 ai) in 
water (0.5 mi.) and the mixture refluxed for two hours. The alcohol 
was removed under reduced pressure. The residue was diluted with 
water, acidificó, with dil. hydrochloric acid, saturated with sodium 
chloride and the resulting mixture extracted with ether. After 
evaporating the solvent the residue crystallized from a little 
ether to give 63-hydroxy-lg;2a-diacetic acid-93-methyl-trans decalin 
m.p. 22k° in quantitative yield.
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6p-Acetoxy-13,2a-(cyclopentan-3 -one)-9 methyl-trans decalin.
Potassium (0.5 g; 0.013 atom) was dissolved in t-butanol 

(redistilled over calcina hydride at ordinary pressure) and 
excess alcohol removed unrier reduced pressure. The solid t-butoxide 
was covered with benzene and the benzene removed at ordinary pressure. 
Addition with consequent reaoval of benzene was repeated three times, 
The alcohol-free pctassium salt vías then covered with dry benzene 
(¿¡0 mi.) and the flask equipped with a hot and dry condenser 
carrj^ing a cotton-wool tube. The solution in an atmosphere of 
nitrogen was heated under reflux in an oil-bath maintained at 100°C. 
Then, the preceeding acétate dimethyl ester, (0.5 g; 0.001¿f mole) 
in dry benzene (10 mi.) was a.dded through the condenser to the 
boiling solution, and the reflux continued for hrs. with occasional 
shaking of the fla.sk. It was cooled, acidified with con. sulphuric 
acid (1 c.c.) in water (25 mi.). The organic layer was separated, 
the aqueous layer extracted with ether and the combinad organic 
solution was washed with water. The organic solvent was removed 
to give the alcohol ke'toester (0.35 gm; 76.9%) as a yellov; viscous 
oil ( Vmax. 1725 en , 1760 cm and 3^00 cía ), The p-keto ester 
(0*35 gm; .001 m) in glacial acetic acid (20 mi.) was treated with 
conc. hydrochloric acid (7 mi.) and water (2 mi.) and the solution
was refluxed for one hour over nakcd fíame. The solution was
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evaporated to dryness under reduced pressure at ¿¡-0° on a water- 
bath. To the oi.1 in methanol (20 mi.) was added 5/¿ sodium 
hydroxide (15 ral.) and tho solution was refluxed for a further one 
hour. The alcohol was removed under reduced pressure. The residue 
diluted with water was thoroughly extractad with ether. The 
ethereal solution was dried over anhydrous magnesium sulphate and 
was then evaporated to give the pentanone-alcohol as an oil.
('•* max. 1750 cm"*1 (co) and 3̂ -00 ca"1 (OH)). The oil in pyridine 
was treated with acetic anhydride (0.5 mi.) and the solution 
allowed to stand overnight. The solvent was removed under reduced 
pressure and the oil in ether was washed successively with O.líí 
sodium hydroxide, 21T hydrochloric acid and v/ater. It was dried 
over anhydrous aagnesium sulphate and the solvent removed to give 
an oil which solidified on cooling-. m.p, 62-66°. The cru.de 
pentanone-acetate was passed through a column of activated alumina 
and the colmn was eluted with pet. ether-diethyl ether mixtures. 
1:1 Pet. ether-ether eluted most of the product as an oil which 
solidified on cooling and scratching to give, 0.2g. (69%) of 
6ír,>-Acetoxy-15: 2a-( cyclopentan-^ -one)-9 methyl-trans decalin. m.p. 
7¿f° (Yield of 53.7% based on acétate dinethyl ester).
(Found: C, 72,66; H, 9.15 Ci6H24°3 reHuires 72.69; I-í, 9.15).
'v max. I76O cm ^ (for both CO pentanone and CO acétate). Alkaline
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hydrolysis of the acétate regenerated the pentanone-alcohol max.
—1 —11750 cm (CO-petanone) and 3^00 cía (OH)). The only important

signáis in the IT.M.P.. spectrum occurred at 8.9¡ for 3 protons as
a singlet (C-9 methyl) ̂ at 8.32-8,2 for k- protons as a doublet

/ ■
(2 methylene and h methylene) at 7.51' for 3 protons as a singlet 
(C-6 acótate methyl),and at k-k.3 ‘ for 1 proton as a multiplet 
(C-6 hydrogen).

Formylation of 6fl-Acetoxy-l|3:2a-cyclopentanone-93 methyl-trans decal 
and relate! betones viz: 6-raetlioxy 1-tetralone and 5-methoxyhydrin- 
done-1 (prepared by methylating 5-indanol with dinethyl sulphate
followed by chromic anhydride oxidation of the ether),

A solution of sodiuni methoxide prepared frota sodium (0.5 at)
and methanol was evaporated under diminished pressure to dryness.
It was finally heated in vacuo in an oil bath naintained at 160 -
165°. The solid after being cooled in an atmosphere of butane was
broken up and covered with dry benzene (l6o mi). Then ethyl fórmate
(0.5 mole) was added and the mixture stirred under butane for one
hour. The mixture cooled in ice was treated with the ketone
(0.25 mole) in benzene (100 ral.) and stirring continued for two days
(Five hours stirring was sufficient in the case of 5-methoxy-
hydrindone-1). The mixture was treated with ice-cold dil. sulphuric
acid and the aqueous layer was extracted with ether-benzene mixture.
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The combined organic extracta were shaken with excess ice-cold 2% 
potassium hydroxide and the alkalinc layer washed well with ether. 
The aqueous solution was acidified with dil. hydrochloric acid and 
extracted with benzene-ether mixture. The organic extract was 
washed with water, dried and evaporated to give formyl derivature 
of the pentanone acétate as a yellow oil or 2-hydroxy methy-
lene-6-methoxy-l-tetralone (m.p. 62°) (93%) or 2-hyároxymethylene-5- 
methoxy-l-hydrindone m.p. 138-138.5° (98%). They all imparted 
characteristic colours to ferric chloride solution.

Alkylation of the preceeciing formyl betones.
The formyl ketone, (0.01 mole) in aethanol (60 mi,) was added 

to a solution of sodium (0.75 gm, .033 at) in methanol (hO mi).
The resulting solution was treated with ethyl «hloro-ethyl ketone 
(1.2 ga; .01 mole) in methanol (8 mi.) and the solution left at 
room temperature overnight. It was refluxed for one hour on a 
water-bath and cooled. The solution was added to crushed ice 
containing conc. hydrochloric acid and the aqueous acidic mixture 
was extracted with chloroform. The organic layer was washed with 
water, dried and evaporated. Sach of the three formyl betones 
gave a yello-w oil which did not crystallize, The oils all had 
identical infra-red spectra viz. triplet absorptions around the

6-micron región.
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Direct alkylation of 6-P methoxy-H3:2oc cyclopentanone-12p-aethyl 
trans decalin.

The pentanone-acetate (264 mg; .001 mole) in absolute ethanol 
(10 mi.) was afided to a solution of sodium (25.3 mg; .001 atoa) in 
absolute ethanol (1 ral.) and the mixture brought to reflux. Ethyl 
p-chloro-ethyl ketone (120 mg; .001 a) in absolute ethanol (1 .2  mi) 
was added and the reflux continued. After one hour, more sodium 
(50.6 mg; .002 atora) in absolute ethanol (2 mi.) was added and after: 
10 more minutes, more ethyl p-chloro-ethyl ketone (240 mg; .002m) 
was added and the nixtuie refluxed for half an hour. The mixture 
was cooled a.nd worked up as above, The oil after being passed 
through alumina crystallized froa a mixture of ether and pet. ether 
(¿1-O-6O0) to give a substance m.p. 128-134° (decomp.) ^max. 251.5 mjL| 
(Found: C, 75.95; H, 8.85 C19K2802 requires C, 79.12; H, 9.97).
The acétate after passing through alumina had m.p. (78-86°),
,\max. 248 mjí ((: 4 ,660) literature valué for acótate m.p. I63-I650. 
>max. C247 mfO ( Í l 8 ,100).

2-Methyl-l,3 ,cyclohexane-dione.
71The prccedure outlined in Organic Syntheses was followed. 

Eesoroinol (110 gm., 1 mole) was suspended in a solution of sodium 
hydroxide (48 gm; 1.2 mole) in water (l68 ral.) in a hydrogenation 
bomb. After Eaney nickel (20 gm.) had been added, the mixture vías

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



95

hydrogenated for six hours at an initial pressure of 85 atmos- 
pheres and a set temporature of k5°• After filtering off the 
catalyst, the solution in a litre round-hottomed flask was treated 
with conc. hydrochloric acid (l6.8 ral.). Then dioxane (72 mi.) 
and iodo-methane (168 gm) were added and the mixture refluxed 
overnight over a heating - mantle. The mixture was cooled in an 
ice-bath for four hours, crystals were collected in a sinstered 
glass funnel and were washed with coid water until the washings 
were almost colourless. The product crystallized from methylated 
spirit to give slightly yellow crystals m.p. 207-210° (dec.). 
Literature valué m.p. 206-208° (dec.).

1 ,2 ,3 ,4,6,7 ,8,8a . Octahydro-6a-methy1 1,6tnaphthalenedione.
72The procedure in Org. Syntheses was followed. A mixture of 

2-methyl-l ,3-cyclohexane-dions (21 g; .16 mole), methyl vinyl 
ketone (1 7 «5g.; 0.25 mole), potassium hydroxide (about 0.08g;
1 pellet), and 250 mi. of methyl alcohol (dried over calcium 
hydride) were refluxed in a 500 ral. round-bottoraed flask fitted 
with a reflux condenser and a cotton-wool tube. The mixture was 
refluxed for 3 hrs. when all the dione went into solution. Then 
methanol and excess methyl vinyl ketone wore removed at 70° on a
v/ater-bath under reduced pressure (650 mm.). The residual liquid 
was dissolved in dry benzene (83 mi.) and 7 mi. of the solvent was
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removed with a v;ater~separator. To the well-cooled solution was 
added pyrrolidine or piperidine (1 ni.) and the mixture held at 
reflux for 30 mins., during which time about 3 ni. of water 
collected in the trap. Kefluxing was continued for an additional 
15 mins. after the separation of water liad cea.sed. The water 
collected was removed and l6 mi. of the solvent was distilled.
The reddish reaction mixture was cooled to rooa temperature and 
diluted with .50 ral. of ether. The solution was washed with 33 mit 
of distilled water containing 5 ni. of 10% hydro-chloric acid and 
then with 33 mi. of water. The aqueous extracts were extracted 
twice with 2.5 mi» of ether and the coafcined organic layers were 
washed -with three 33 ffll.-portions of water, then with saturated 
salt solution and dried over magnesium sulphate. The solvents 
viere removed and the residue distilled b.p. 1 1 7 -1 -̂5^ 0.5 - 1 mm.
The distillate was crystallized from ether-pet. ether mixture and 
washed with a little coid ether to give colourless pintes m.p. 
¿+6-A-80 (25%). Eeported m.p. ¿¡-7-50° (63-65%).

l-Oxo-6 ethoxy-8a-nethyl l,2,3i7<8,8a-hexahydronaphthalene.
This was prepared according to the procedure of S. Swaminathan 

and II,3. 11 cwaar7^« A mixture of 5 gm. (.028m.) of the preceeding 
octahydro-8a methyl naphthalene dione, ¿¡-.8 g. (0 .032¿l- m.) of
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triethyl orthof órnate, 30 mi. of dry benzene and 1 ,3  tal. of 5%
anhydrous ethanolic hydrochloric acid was refluxed for 2 hrs.
The darle mixture was cooled, neuti'alized with 5% alcoholic sodium
hydroxide solution and tale en up in ether. The ether-benzene
solution vías successively washed with 20 mi. of water, 25 mi. of
5/o sodium hydroxide solution, 20 mi. of water and saturated sodium
chloride solution and then dried over sodium sulphate. Distilla-
tion under reduced pressure afforded k.6 g. (79»^/0 of a lemon

1 ~Lyellow liquid. aax, 1675 cm , and 1721 cm ' ,

Attempted Alk.yla.tion of l--oxo- 6 ethoxy-8a-methyl-1.2.5«7.8.8a. 
hexahydronaphtha.lene with bromo-acetone.

The ethoxy ketone (20.6 g; 0.1 mole) in dry methanol (100 mi.)
was treated with a solution of sodium (k.S grn.) dissolved in dry
methanol (minimum amount). To the solution was added l*f.7 gm.
(0 .1 m.) of bromoacetone (prepared according to the procedure in
Organic Syntheses). The mixture was refluxed for 2 hrs. and then
concentracted under diminished pressure. The mixture was diluted
with water the product isolated with ether, and the solvent
eva.pora.ted wlien the starting material was recovered. The experiment
was repeated using 2 eauivalents of potassium in dry t-butanol and
yet there was no reaction.
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Atteapted condensat ion of l-oxo-6 ethoxy-8a-methyl-1, 2 ,J »7 , 8 ,8a
hexahydrpnaph tha leía e with e tía y 1 o r odio a c e t ate .

Ethyl broaoacotate (l6.7 g; 0.1 --tole) in tetrahydro furan 
(¿K) mi.) and zinc wool (6.5 g; purified by washing successively 
with 2?» hyclroch lorie acid, plonty of water, alcohol, acó tone and
ether and drying at 110 for JO mins.) were placed in a 500 ni. 
three-necked fla.sk squippod with a taechanical stirrer, a. reflux 
condenser and a dropping funnel. A trace of iodine was addod and 
the mixture’ was stirred on a water-bath until ncarly all the zinc 
had dissolved. To the Grignard reageat was addod the: etlioxy ketone 
(20.6 g; 0 .1 mole) and stirring and refluxing continued for 2 hrs. 
More zinc wool (6.5 g; 0.1 mole) with a trace of iodine was added 
followed after JO mins. by raore ethyl bromo acétate (16.7 g; 0.1 
mole) and stirring and refluxing were continued for furthor 2% hrs, 
to malee a total reaction time of 5 hrs. The solvent was removed 
and the cooled Grignard complex was diluted with water and 
decomposed with 10?i sulphuric acid. The organic layer was washed 
successively with water, dilute sodium carbonate solution and tlien 
water. The solvent, drieci in the usual way was evaporated when the 

material was iecovered
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l-Bromo-2 methoxy-naphthalene
ITerolin (250 g; 1,58 m.) in dry chloroform (1 litre) was 

stirred until dissolved. Very slowly and with stirring bromine 
(80 mi.) was added. The stirring was continued for additional 
15 mins. The solvent was removed in vacuo and the residue was 
treated with 20 gm. (0.5 m) of sodium hydroxide, and heated for 
half-an-hour on a steam-bath. The residue was decanted from sodium 
hydroxide or any water, diluted with one litre of pet-ether (b.p. 
100-120°) and the mixture stirred until crystals began to form.
It was allowed to cool and the voluminous crystals were filtered 
at the pump. The product was dried by distillation in vacuo, to 
give 220 g. of solid n.p. 80° (58.7%).

Attempted preparation of l-O^-Hydroxy butanoyl)-2-methoxynaphthalene 
Magnesium (6 gm; the magnesium was washed with sodium-dried 

ether and dried at 110-120°) in tetrahydro furan (100 mi.) was 
treated with ethyl bromide (0.5 c.c.). When the reo.ction had 
started, l-bronie-2-nethoxy naphthalene (55 g; 0 .15 mole) in tetra
hydro furan (200 mi.) was added while the mixture was stirred,
To the clear solution was added butyrolactone (15 g; 0.174- mole) 
while stirring and refluxing continued. It was refluxed for further 
3 hrs and the magnesium complex was decomposed with aqueous 
hydrochloric a.cid. The organic layer was separated and washed with
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water. The solvert was removed and the residuo distilled in vacuo. 
First fraction (25 ga.) carne off at l60-l80°/60 ras, and crystallized 
froa methanol to give 2-iacthoxy naphthalene ra.p. 72°, Second 
fraction (5 gm.) b.p. 190-250°/60 nn. consisted of both saturated
and unsaturated carbonyl compounds. The residue niight probatly be 
a hydrocarbon.

;i.~(2-Cyanoethy l)-2~hydrexy naphthalene
A mi:.:ture of benzene (825 c.c.), 2-naphthol, (k-30 g; 2.99 mole), 

exactly 1 3 3 »̂" gm. (3• 33®) of sodium hydroxide and aeryloniurile
(200 gm. or 250 al.; 3.77 mole) was heated on a water-bath under 
reflux for hrs. Then coid water (1500 mi.) was auded and the 
mixture stirred until all the nlkali had dissolved. The aqueous 
layer was separated and acidified vritli acetic acid. The product 
was filtored and crystallized fron methylated spirit and allowed 
to stand overnight in the solvent. The product was filtored and 
v/ashed with a little methylated spirit until colourlcss i.e. until 
all the pink colouration was removed. 530  gm. (90fá) of slightly 
yeliow crystals m.p. Ih5° wero obtained. L- max. (Hujol) 1575 cm , 
l6l6 en"1, 2250 cm" 1 and 3333 era"1. Iíeported^° m.p. 1̂ -2°.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



101

5.6-Benzdihydrocoumarin.
l-(2 Cyanoethyl)-2 hydroxy naphthalene (3.9̂ - g.; *02 mole) 

and a solution of sodium hydroxide (Z.b g; .06 m.) in water (12 mi») 
ivas refluxed on a heating mantle for about 5 hrs. (i.e. until no 
more amnonia was evolved), It was then refluxed for a further one 
hour. The reaction mixture was diluted with water to dissolve the 
precipítate formed and ivas acidified witii conc. hydrochloi’ic acid 
to Congo red* The reaction mixture ivas then refluxed until nearly 
all the solid precipítate liad been converted to oil, The oil was 
scparated while the mixture was still very hot and was allowed to 
cool. It was then diluted with ether and the ethereal solution 
was thoroughly washed with sodium carbonate solution, and then with. 
water. After drying the organic extract over anhydrous magnesium 
sulphate, it ivas evaporated. The residual cil was treated with 
dry benzene and the benzene removed at ordinary pressure. This 
was repeatcd thrice. Traces of benzene viere then completely 
removed in vacuo and the oi3_ was cooled to below 0 with stirring 
when it solidified to give 3.1b g. (80$) of 5*6 benzdihydrocoumarin 
m.p. 32-~3b°. ^ max. (Hujol) 1582 cm 1632 cm ^ and 1762 cm
(Found: C, 78.77; H , 5.05 requires G, 78.77; H, 5.09)
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1—(3 Hydroxy propy1)-2 hydroxy-naphthalene.
Lithium aluminium hydride (10 g.; 0.26 m.) in sodium-dried 

ether (J00 c.c.) was placed in 2-litre three-necked flask equipped 
with a stirrer, a reflux condenser and a separatory funnel. Then 
slowly and with stirring, 5,6-benzdihydrocoumarin (70 g.; 0.36 mole) 
in dry ether (200 c.c.) was added. After the addition it was 
stirred for a further one huttr. Ethyl acétate (24 mi.) was added 
rapidly to deconpose exceso lithiura aluminium hydride followed hy 
ice-cold water and then dil. hydrochloric acid. The ethereal layer 
viras separatod and the aquoous layer was extracted thrice with small 
portions of ether. The combined organic extracts were washed 
with water severally, dried over magnesium sulphate and then 
evanorated. The resulting solid crystallized from methanol to give 
quantitatively colourless crystals of l-(3 hydroxy propyl)-2 hydroxy 
naphthalene m.p. 135°. The phenol in methanol imparted yellowish 
green colour to a drop oí ferric chloride solution. ') max. (í'ujol) 
1587.5 cm”1, 1625 era"1 3150 cm"1 and 3410 cm-1. (Found: G, 77.23;
H, 6.90 requires C, 77.20; H, 6.98).

l-(3 hydroxy propyl)-2 hydroxy-5 ,6 ,7,8 tetrahydro-naphthalene.
l-(3 hydroxy propyl)-2 hydroxy naphthalene (50 g. ; .024ra.) 

in methanol was hydrogenated over P.aney nickel (6 g.; 0.102 at)
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at an initial pressure of 65 atmospheres and a set temperature of 
120° until the hydrogen up-take was complete (about 7 hrs). The 
catalyst was filtered off and the methanol was removed corapletely 
on a water-bath uncler reduced pressure. The residue, taken up in 
ether, was thoroughly extracted with 10/¿ sodiurn hydroxide solution. 
The alkaline solution was washed with ether and then acidified 
with dil. hydrochloric acid. The resulting solution was extracted 
with ether, the ethereal solution dried and evapórate!« To the 
oil benzene was added and removed at ordinary pressure. This was 
repeated several times. Traces of benzene were removed coapletely 
under reduced pressure. The oil was then recrystallized in small 
portions froni pet. ether (30-40°). After drying overnight in a 
vacuna desicator AO gm. (78. of l-(3-hydroxypropyl)-2 hydroxy- 
5.6,7.8 tetrahydro naphthalene. m.p. 65-70° was obtained. The 
product in methanol gave a green colour with a drop of ferric 
chloride solution. \!siax. 1587 cm , 3235 cm and 3550 cm . 

(Found: 75*9; H, 8.80. cp3Hp8°2 reluirGS C ’ 75.69; H, 8.80).

l-(5 hydroxv propyl)-2 methoxy-5 i6 ,7 <8 tetrahydro naphthalene.
l-(3 hydroxy propyl)-2 hydroxy-5 ,6,7,8 tetrahydro naphthalene 

(206 g.; 1 mole) in water (400 mi.) containing sodium hydroxide 
(i+2 g.; 1.0 5 m.) was stirred until dissolved in a three-necked
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flask equipped with a condenser and a separatory funnel. The 
solution was cooled below 10° in an ice-salt bath and dimethyl 
sulphate 12o g. (94 mi.; 1 mole) was added dropwise while the 
mixture was stirred. After the addition, the mixture was stirred 
for 30 mins. and water (200 mi.) containing sodium hydroxide 
(2 1g. ; .53 ei.) was added and the mixture stirred for a further 
30 mins. The mixture was refluxed on a water-bath for 2 hrs. 7 

cooled, and was then diluted with water. The oil was separated and 
the aqueous layer was extracted with ether. The oil and ether 
extracts combined were washed successively with dil. sodium hydroxide, 
dil. hydrochloric acid and water. The etherc-al solution was dried 
over magnesium sulphate and the solvent was evaporated to give 
178.8 gm. (8l.3/¿) of 1 — (3 hydroxy propyl)-2-nethoxy-5 ,6 ,7,8- 
tetrahydro naphthalene as a colourless oil. '■) max 800 cm, 1256 cm, 
l600 cm"4and 3400 cm ^.

l-(3 Bromo propyl)-2 methoxy-5,6,7,8 tetrahydro naphthalene.
The preceeding raethoxy propanol (15.4 g. ; 0.07 m.) in sodiun- 

dried diethyl ether (50 c.c.) was cooled to 0° in an ice-salt bath. 
V/hile stirring, phosphorous tribromide (2.68 mi.) in ether (10 mi.) 
was added dropwise at sucli a rate that the temperature was kept 
as near zero as possible. After the addition, stirring was 
continued for further 30 mins. Then both the bath and the reaction
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mixture were allowecl to warm to room temperature overnight. The
mixture was diluted with etlier, and sodium carbonate solution was 
added. It was successively washed with water, dil. hydrochloric 
acid and then water, The ethereal solution after being dried over 
maguesiua sulphate was evaporated to give 12.9 g. (65%) of 
l-(3-Bromopropyl)-2-methoxy-5 ,6,7,8-tetrahydro naphthalene as a 
colourless oil max. oOO crr, 1266 cm and 1600 cm

5-(3 Broiaopropyl)-6 methoxy-l-totralone.
The preceeding methoxy bromide (283 g.; 1 mole) in glacial 

acetic acid (856 mi.) was cooled to 5° in un ice-salt bath. A 
solution of chromic anhydride (153 g.; 1*53 mole) in water (55 mi.) 
and glacial acetic acid (¿¡-28 mi.) was added at such a rate that the 
temperature was held at about 20°, while thc mixture was vigorously 
stirred. The mixture was allowed to warm to room temperature 
overnight and was then diluted with water. The oil was separated 
a.nd the aqueous layer was extracte! severally with diethyl ether. 
The oil and organic extracts were conbined and washed successively 
with water, C. II! sodiun hydroxide, dil. hydrochloric acid and with 
water. The organic solution vías dried and evaporated to give a 
viscous oil which crystallized from pet. ether (30-¿*0°) or a 
little diethyl ether to give g. (31.6/0 of 5~(3-bromopropyl)- 
6 methoxy-1-tetralone m.p. 92~9¿+° • (Found: C, 56.8 3; H, 5«7¿¡-»
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Br, 26.8 Br recíuires 56.75; H, 5«70; Br, 27.0%)
* 1 —1 ■ v max. (ITujol) 158 7.5 cm, 1666 cm .

6-Methoxy-5(3-Broaopropyl)-3i ¿l- dihydro-l-methyl naphthalene.
To a grignard solution prepared in ether from magnesiusi 

(120 g.; 5 atoas) and an excess of bromo methane (sufficient to 
react all the magnesiua turnings) was added the preoeeding ketone 
(29^ g.; 0.99 mole) in tetrahydro faran. After the addition it was 
stirred under reflux for a further 2 hrs. The complex was decom- 
posed by the careful addition of dil. hydrochloric acid. The 
organic layer was separated, and the aqueous layer v/as extracted 
with chlorofora. The organic Solutions tere separately xvashed 
neutral with water, and were united. The organic solution was 
dried and evaporated, to give 228.6 g. (77%) of ó-methoxy-5(3~ 
Brotaopropyl) -3'. ¿t— dihydi'o-l-aethyl naphthalene as a yellow oil.
The I.F.. spectrum had no carbonyl absorption.

l-Methyl-5(3~bromopro'pyl)-6 aethoxy-2-tetralone.
The preceedin' dihyaro naphthalene (295 g.; 1 mole) dissolved 

in chloroform (320 mi.) was oxidized with perbenzoic acid (13*1- g.; 
0.97 mole) in chloroform (1760 c.c.) at 0°. After storage overnight 
in the refrigerator, the red solution was washed with dil. sodium 
hydroxide and then xvater; and the solvent removed under reduced
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pressure. The residue was refluxed. for hrs. with conc, 
sulphuric acid (206 mi.), methanol (1380ml.) and water (1100 ni.) 
and the product isolated with ether. After being washed and dried 
the solution was evaporated, to give 252.8 g. (80.9/í) l-methyl-5
(-3 bromopropyl)-6 rnethoxy-2-tetralone as a yellow oil. V rnax.
.. -1 1600 cm and 1720 cm

Ring extensión of 1-niethy 1-5(3 bromopropyl) -6-methoxy-2 -1etralone.
The preceeding tetralone (6 g. ; .019 mole) in methanol (100 mi. 

was cooled to 0° in an atmosphere of purified batane. Potassium 
hydroxide (1.6 g.; .02 mole) in water (3*2 mole) was added and the 
solution cooled to - 20°. The mixture was stirred vigorously for 
30 mins and then methyl vinyl ketone (1.7 mi.) in methanol (5 mi.) 
vías added dropwise and slowly. After the addition, stirring was 
continued for a further one hour. Stirring was discontinued and 
the mixture was allowed to stand overnight at rooa temperature 
under trapped butane. It was acidified with dil. hydrochloric 
acid containing crushed ice and extr cted with chloroform. The 
organic solvent was washed, dried and evaporated, to give a viscous 
oil. The oil (5 g.) in methanol (100 mi.) vías treated víith potas- 
siun carbonate (3 g.) in water (3 mi.) and the mixture refluxed 
for 3 hrs. The reaction mixture was cooled, poured onto ice 
containing conc. hydrochloric acid and the mixture extracted with
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chloroform, The organic solution wns washed, dried and evaporated 
to g; i ve an oil which was passed through activated alumina. Various 
mixtures of pet. ether and benzene eluted nothing. Second benzene 
fraction was mainly the product viz. 2: J>: k: 9:10? 12-hoxahydro-6- 
aethoxy-7(3-broniopropyl)-12-methyl-2-oxophenanthrene as an oil. 
'Vmax. 1587 crin, l6l6 en* and 1650 cm~^. Third and fourth fractions 
consisted of an oil which crystallized from a little ether to 
give 8-Oxo-lOa-methy1-1,2,3,^,5,6 ,8,910 ,lOa-decahydro-l-oxa- 
chrysene m.p. l60-l62°. ¿max. 1587*5 cm, l6l6 cm, 1650 cm 
Amax. 207.5 m>i(t 37,180). Amax. 23k rn y( f: 3 7,520) (Fouad: C, 

80.1 6 ; H, 7*52 Cp3H20°? rea-uires C , 80.56; H, 7.51). The íí.M.E.
spectrum showed absorption at 8.0^'T  for 3 protons as a singlet 
( G - 9  methyl)?at 6 .96-6.6 for six protons as a multiplet (2x Ar 

^ 2 — 2 anc5 0° ‘— p ̂ 5»04—k.k-8 for 2 protons as a triplet
(OCH^), at 2.88 f for one proton as a singlet (C-5 olefinic hydroge 
and at 1 ,96-1 .2^"Y for two protons as a quintet (two aroaatic 
hydrogens).

88-Hydroxy-lOa-nethy1-1,2,3,¿'-,5,6-6a-a-7,8,9,10 »10a, dodecahyd.ro- 
1-oxa-chrysene.

Lithium (1 gm.; 0 .Ik atoa) was dissolved in liouid ammonia 
(200 mi.). After 5 mins, the preceeding tetracylic enone-ether 
(0.6 gia.; .002 mole)in tetrahydro furan (20 mi.) was added.
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Aftcr shaking the soltition for five minutes, the blue colour was 
discharged by a dropxvise addition of raethanol. This was followed
by an addition of more lithium (0.5 6») and then raethanol, and then 
lithium (0,5 6*) and again raethanol un til in all 2 gm. of lithium 
had been adcied. The solution was allowed to evapórate overnight, 
and ivas diluted with water, The aqueous solution was extractad 
with chloroform. The organio solution, aftcr drying over magneeium
sulphate was evaporated to give an oil which crystallized from a
little ether or aeetone to give 8p-Hydroxy-10a~metiiyl>-l,2,5,4,5,6 , 
6aa--̂ ',8,9,10,10a d ecahydro-l-oxa-chrysene m.p. 128°e Sj max. (ITujol) 
1587.5 cm and 3440 cm’"'L, The preceeding hydroxy-ether in acetic 
acid was hydrogenated over piatinum oxide at roca temperatura and
atmosplieric pressure for 56 hrs. A compound n.p. 
obtained Vmax. 1587,5 cm , and 3440 cm and was

45-50° was 
perhaps the

starting material.

5(5~Acetoxy propyl)-6-aethoxy-l-tetralone.
l-(3“hydroxypropyl)-2~methoxy-5f6,7,3, tetrahydro naphthalene 

(2.20 g.; 0.01 mole) in dry pyridine (1 mi.) was treated wit^' 
acetic anhydride (1.45 g.; 0.014 a,). The mixture was allowed to 
stand overnight and the product isolated in the usual way with ether. 
The acétate was an oil. The acétate (2.62 ?:. 0.01 mole) in acetic 
acid (8.6 mi.) was treated with chromic anhydride (1.5g; 0.015 mole)
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in water (1 mi.) and glacial acetic acid (A.3 mi.) at 20°. The 
mixture was allowed to stand overnight and the product isolated 
with ether in the usual way, to give in 50% yieid 5-(3-Acetoxy 
propyl)-6-methoxy-l-tetralone as an oil. V max. 1575 era, 1666 cm 
and 1725 cm

Attempted preparation 01 6-Hethoxy-5-(n-propionic acid)-l-methyl- 
2-tetralone.

6-Methoxy-5 (3‘"bromopropyl)-l-methyl-2-tetralone (3.1 g. ;
0.01 mole) in methylated spirit (50 mi.) was added to a solution 
oi potassium cyanide (0.97 g; 015 mole) in water (0.5 mi.) in a 
100 mi, flash and the mixture refluxed for 20 hrs, on a water-bath. 
The reaction mixture was cooled and the precipitated potassium 
bromide was filtered off. The alcoholic filterate was diluted 
with water and the aqueous solution extracted with chloroform. The 
organic solvent was washed and evaporated to give the corresponding 
nitrile as an oilymax, 1587 cm, 1700 cm and 2225 cm (nitrile).
The nitrile (2.5 g; 0.01 mole) suspended in water (50 mi.) was 
treated with sodiura hydroxide (2 g; ,05 mole) and the mixture 
refluxed over a heating mantle for 20 hrs. It was cooled, washed 
with chloroform and poured onto ice containing conc. ’nydrochloric 
acid. The acid mixture was extracted with chloroform and the
chloroformic solution was extracted with aqueous sodium bicarbonate
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The alkaline solution was acidified and extracted with chloroform. 
After drying, the organic solvent was removed to give 0.5 gm. of
the acid as a semi-solid. Attempt to crystallize the substance

. -> — ifailed.'i max. 1587.5 en, 1710 cm, and 2670 cm. Attempt to prepare
a D.iT.P, derivative ais o failed,

*j3rBromo aethyl butyrate.
VButyro lactone (k3 g; 0.5 m.) and 60% hydrobromic acid 

(92 mi; d a? 1 .7 ) were placed in a flask equipped with a water- 
condenser carrying an adaptor filled with absorbent cotton wool.
The mixture was refluxed over a heating nantle for 5 hrs. and 
excess hydrobromic acid was removed under diminished pressure on a 
water-bath. The residue vías cooled and then taken up in ether.
The ethereal solution was washed with water, dried. over anhydrous 
magnesium sulphate and then evapórate!. The crude Abromo butyric 
acid (78.9 g; 0.Ll7 m.) in dry benzene (72 mi.) was treated with dry 
methanol (A8 mi.) and conc. sulphuric acid (0.3 mi.). The mixture 
was then refluxed with a water-separator on a water bath. Water, 
benzene and alcohol sepárate!, and formed two layers in the separator. 
The lower layer (50% water-methanol mixture) was then run off.
When no more water separated, more dry methanol (about 150 mi.) vías 
added and the reflux continué! for 30 minutes more. The solution 
was concéntrate! at ordinary pressure on a water-bath. The residue

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



112

was cooled and shaken up with water to dissolve unreacted ''é -butyro- 
lactone and "tí-bromobutyric acid» The oil was separated froni the 
aqueous solution, dissolved in ether and the ethereal solution 
dried over magnesium sulphate and evaporated, The oil was 
redistilled on a heating aantle. Fraction b.p. 186-187° was 
collected. Overall yield based on 'í-butyrolactone xvas 80/6 ^  max.
1737 on (Strong carbonyü)•

Alkylation of 1,2,3 5 , & <7 < 9 <10,H 112 »13, dodecahydro-1,1,-diaethyl- 
2g-hydroxy-12-methyl-7-oxonhenanthrene with t>/-bromomethyl butyrate.

Potassium (0,1 gra; ,003 m.) was added to dry t-butanol (20 mi.) 
in a super-dry flask. The flask was equipped, with a dry condenser 
carrying a cotton-wool adaptor. The solution was refluxed over a 
heating-mantle until all the metal had dissolved and then the 
hydroxy enone (O.56 g; 0.002 n.) was added. and the reflux continuad 
for 15 minutes more. % -Bromo methyl butyrate (1 gm.; this was quite 
a large excess) was added and the reflux continued for 15 minutes 
more. The reaction mixture was cooled, diluted with water, 
acidified with coid dil, hydrochloric acid and extracted with ether. 
The organic solvent was evaporated when an oil was obtained. The 
oil was passed through a column of activated alumina, Different 
mixtures of pet, ether and benzene eluted nothing but puré benzene 
eluted a substance which crystallized from a little ether to give
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200 mg. of a Compound a .p, 1000. ”0 max. 1625» 1666 and 1725 cm
Puré ether eluted about 500 mg. of the starting material.

5,6,7.8-Tetrahydro-2-methoxy naphthalene.
(3-Naphthol (500 g; 3.5 m.), was suspended in methanol and the 

mixture was hydrogenated over alkali-free Paney nickel C +̂0 gm;
0.68 atom) at an initial pressure of 120 atmospheres and a set 
temperature of l¿h0°. The system was replenished from time to time 
with hydrogen until the uptake almost ceased. The solution was 
filtered and the methanol removed completely over a water-bath.
The residue was taken up in ether and was extracted thoroughly 
ví i til 2U sodium hydroxide. The alkaline solution was methylated 
with dimethyl sulphate in the usual way to give 277 gm* (53*970 
of 5 .6,7 ,8-tetrahydro-2-methoxy naphthalene after redistillation 
under reduced pressure over a heating mantle b.p. 1 ¿!-00/ 1  5 mm. 
Peported b.p. 129-131°/11 mm.

6-Methoxy-l-tetralone.
The preceeding methoxy tetralin (160 g; .99 m*) in glacial 

acetic acid (550 mi.) was cooled to about 15° in an ice-salt bath. 
A solution of chroraic anhydride (130 g; 1.3 ni.) in water (100 mi.) 
and glacial acetic acid (500 mi.) was added with stirring at such 
a rate that the temperature was held at about 20°. After the
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addition, the reaction mixturo was alloweá to stand at room 
temperature overnight. The deep green reaction mixture was 
diluted with water and the mixture was allowed to stand for one

' ihour. The aqueous layer after being decanted from the oil which 
separated was extracted thoroughly with diethyl ether. The oil 
and ether extracts were combined and washed with water. To the 
organic solution was added dil. sodiu.ni hydroxide. Without shaking, 
the aqueous layer was separated. This operation was repeated.
The organic solution was extracted with dil. sodium hydroxide, 
washed with water and dried over magnesium sulphate. The organic 
solvent was removed and the residue was distilled in vacuo.
(Water condenser was used and the water in the condenser was emptied 
as soon as fraction began to solidify). Fraction b.p. l6o°/l mía. 
was collected. The oil crystallized from pet. ether (30-^0°), to 
give 80 gm. (h6%) of 6-methoxy-l-tetralone as light yellow crystals 
m.p, 87°. vaax. 1600, and 1666 cm

l-Methyl-3.^-dihydro-6-methoxy naphthalene.
A grignard solution was prepared by adding excess bromo 

methane (about 200 mi.) in coid dry diethyl ether (800 mi.) to 
magnesium turnings (kO g; 1 .7 atoras) in dry diethyl ether (1500 mi.) 
contained in a five-litre three-necked flask which was equipped 
with a double-surface condenser, a dropping funnel and stirrer and
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which was placed, near an ice-salt bath for occassional cooling. 
After all the magnesium turnings liad reacted, 6-methoxy-l-tetralone 
(l60 g; 0 ,9 1 a.) in a minimum amount of tetrahydro furan was added 
while the mixture was stirred. After the addition, stirring was 
continued for one more liour. The complex was decomposed with dil. 
sulphuric acid. The orgaric layer was separated, washed with 
water, dried as usual and evaporated to give in 90% yisld 1 -methyl- 
3 , dihydro-6-metlioxy naphthalene as a light yellow oil. (ílo 
carbonyl absorption).

6-Me thoxy-l-iaethyl-2-tetralone.
Monoperphthalic acid was prepared as follows: 125 g« of 

sodium hydroxide dissolved in 125 mi. of water was treated with 
one Kg. of ground ice. The solution was stirred and then 250 mi. 
of 30/í hydrogen peroxide was added followed immediately by the 
addition of 2.5 g. of magnesium sulphate. Then all at once, 250 g. 
of phthalic anhydride (freshly ground) was added and the mixture 
stirred until all the anhydride had dissolved. (About 5 mina.).
The mixture was then aciuified with ice-cold 20% sulphuric acid 
prepared before hand. (The whole operation from the beginning to 
the acidification stage was done very quickly). The perphthalic 
acid vías extracted with ether and a sample of the ether solution 
(1 mi.) was titrated by adding glacial acetic acid (2 c.c.),
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water (20 c.c.) and potassium iodide (about 1 gm.) and titrating 
with decinormal sodium thiosulphate solution.

The dihydro naphthalene (174 g; 1 mole) in ether (500 c.c,) 
was cooled to - 10°C and then 1.9 litre of Formal monoperphthalic 
acid (this is a little less than one equivalent) was added slowly. 
Aiter the addition, it was left in the bath for 4 hrs. and was 
allowod to stand at the temperature of the coid room (about 20°) 
overnight. The reaction mixture was diluted with aqueous sodium 
hydroxide. The organic layer vías separated, washed with water 
and evaporated. To the residue in methanol (500 mi.) was added 
conc. sulphuric acid (30 al.) in water (160 ral.) and the mixture 
refluxed for 2 hrs. The reaction mixture vías diluted with water 
and the oil which separated was removed. The aqueous solution was 
extracted with chloroform. The oil and chloroformic extracts 
were combined and washed with dil. sodium hydroxide and then water. 
The solvent was evaporated and the residue distilled under reduced 
pressure, to give 94.4 gm, (49*7%) of 6~Methoxy-l-methyl-2-tetralone. 

max. 1724 ce"'*' (strong carbonyl absorption).

7-Methoxy-12-methyl"2,5<4,9>10 <12 hexahydro-2-oxophenanthrene.
6-Methoxy-l-methyl-2-tetralone was condensed with raethyl 

vinyl ketone using the procedure already describe! for the
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preparation of 6-methoxy-12-methyl, 2,3, , 9} 10,12-hexahydro-2- 
oxophenanthrene. The crude product vías distilled under reduced 
pressure and the distillate ivas crystallized from a little ether 
to give 50% yield of 7-methoxy-12-methyl-2,3,¿-í-,9,10 , 12-hexahydro- 
2-oxophenanthrene as yellow crystals m.p, 107-109°*
Sfmax, l600, 1625 and 1666 cm

Trans, 1,2,3,4,5 ,8,9,10 ,ll,12-dacahydro-7-methoxy-12-aethyl-2¡3- 
hydroxy phenanthrene.

Lithium (4 g; O .58 atom) was dissolved in liquid ammonia 
(1 litre). After five minutes, the preceeding hexahydrophenanthrene 
(3 g; 0,021 ra) in purified tetrahydro furan (200 mi,) ivas added, 
After another five minutes, n-propanol, (75 mi.) was added dropwise 
until the blue co3.our was discharged. This was followed by an 
additional 3 gm. of lithium and then propanol and yet 3 gm. of 
lithium, followed by propanol until in all 10 gffi, of the metal had 
been added. The solution was allowed to evapórate. The residue 
was diluted with distilled water and extracte! with chloroform.
The chloroformic extract was washed with water and dried over 
anhyurous sodium sulphate. The solvent was completely removed 
to leave an oil which crystallized from ether to give 50% yield of
1.2,3,^.5.8,9,10,11.12-de cahydro-7-me thoxy-12-me thyl-2P-hydroxy 

phenanthrene m.p. 133-13^- • max. (Chloroform) l66l, 1693, and 

352;i cm ^ Reported^ m.p. 133-135°*
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Trans-1,2.3.*f.5,6 ,7,8,9*10 .Ha ,12-dodecahydro-12-methyl-2P-hydroxy-
7-oxophenanthrene.

The preceeding dienol ether (17.9 g; .072 m.) in methanol 
(100 mi.) was treated with a solution of oxalic acid (K g;.037 m.) 
in water (5 mi.), The mixture was allowed to stand at room 
temperature overnight. The reaction mixture was diluted with water, 
extracted with chloroform and the organic extract washed with water, 
The solvent was completely removed to give a residue which crystal- 
lized frora pet-ether (30-¿+0°) to give 80% yield of the pY-unsaturated 
ketone m.p. 93-95°. max. (chloroform) 1700 and 3¿i-23 cm 1. The 
benzoate had )? max, (chloroform) 7 1 3 , 1600 and 1720 cm ^, and 
^<max. 228 mV'.

l, 2 , 3 , 5 , 6,7 ,9,10,lia,1 2 ,13 dodecahydro-12-methyl-2p~hydroxy-7~ 
oxophenanthrene.

1 ,2 ,3 ,^,558,9,10 ,ll,12-Decahydro-7-niethoxy-12-methyl-2p- 
hydroxy phenanthrene (0.25 E5 0.001 m,) in acetone (20 mi.) was 
treated with o. solution of conc. hydrochloric acid (1 mi.) in water 
(3 mi.) and the mixture refluxed on a water-bath overnight. The 
solution was cooled, diluted v/ith water and extracted with chloroform, 
The solvent was completely removed to leave a residue which crystal- 
lized from ether to give 0,2 g. of the ct-p unsaturated keto-alcohol
m. p. 1 2 1-123°. (8¿i-.8%) 'bímax. (chloroform) l6l6, 1666 and 3̂ *00 cm
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Xmax, 242 m*,J (€ 1 7 ,000), Reported^ n.p. 123-4°. The unsaturated 
ketone (0,5 g.) in pyridine (5 mi.) was treated with henzoyl 
chloride (1 mi,), The product was isolated the following day with 
chloroform, The oil was shaken up with 10% solution of sodium 
hydroxide and extracted again with chloroform. After evaporating the 
solvent the crude benzoate was crystallized from methanol or 
acetone, m.p, 177-179°*V max. (Hujol) 714, 1666 , and 1716 cm 1.
Naax. (methanol) 235*5 m)¡L

2 ,2-Ethylene dioxy-5-bromo-pentan-2.-one.
5-Bromo-pentan-2-one was prepared according to the procediire 

outlined for the preparation of 5-Chloropentan-2-one in organic 
Syntheses Coll, Vol. IV°^, a-Acetobutyro lactone (20 g; 0,l6 m.) 
and water (27 mi,) were placed in a two-necked 500 mi. flask. Two 
or three antibumping stones were added and the flask was arranged 
for distillaticn. A water condensen ?;as used and the receiving 
flask was immersed in crushed ice while the reaction flask was 
placed over a heating mantle, 60% Hydrobromic acid (84 mi.) was 
introduced through the other neck of the reaction flask and 
stoppered. Heating was started immediately. 5-Bromo-pentan-2-one 
distilled azeotropica'lly with water at 120-122° at ordinary pressure. 
When about two-thirds of the reaction mixture had distilled over, 
more water (10 mi.) was added to the reaction mixture and distillation
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was continued until only water was distilling over. The lower 
layer of the distillate was separated and the aqueous layer was 
extractad with ether. The organic liquid and etlier extracta were 
combined and washed well with water. The organic solution was 
dried over anhydrous calcium chloride for 10 mins. a.nd decanted 
into another dry flaslc containing calcium chloride. After one hour, 
it was again decanted into another flask and evaporated on a water- 
bath at ordinary pressure.

The bromo ketone (25 g.) in dry benzene (100 mi.) was treated 
with ethylene glycol (25 mi.) and conc. sulphuric acid (5 drops).
The mixture was refluxed with a wa.ter-separator for ¿i-8 hrs. The 
benzene layer was separated fron unreacted glycol, 0.5 al* of 
pyridine was added and the organic solution was washed with dil. 
sodium hydroxide and then with water. After drying the organic 
solution in the usual way, the solvent was removed completely under 
reduced pressure on a water-bath. The oil was then xept in a well 
stoppered bottle to ijrevent deterioration. (Found: C, ¿iO.40;
H , 6.68, Dr, 56.15% Ĉ H-j ̂ O^Errequires C, ¿f0.20; H, 6.20; Br. 58.28%).UNIV
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Alkylation of 2-Benzoyloxy--l,2 ,3.^.5.6 ,7 <8,9 , 10 ,11. 13» dodecahydro-12- 
methyl-7-oxophenanthrene víith 2,2-ethylenedioxy-5-bromo pentan-2-one,

Potassium (b2 mg; 001 at) dissolved at reflux in dry t-butanol 
vías treated with the benzoate (0.3 g.; 0.001 m.). (Heating rnantle 
was iised and a very dry water-condenser carrying a cotton v/ool tube 
was provided), After five minutes, the bromo ketal (0.58 g; 0.003-u) 
was added and the reflux continued for ¥f¿ hrs more. The organic 
solvent was completely removed, the residue vías dissolved in nethanol, 
treated with O .58 g. of sodium hydrcxide in 1 mi. of water and the 
mixture refluxed for 2k hrs on a water-bath. The alcohol was almost 
completely removed under reduced pressure. The residue was diluted 
with water and extracted víith chloroform. The organic solvent was 
completely removed to leave the adduct as an oil, Xmax, 250 my-4 
%'max. l600, 1666 and 3^25 cm

Seduction of the ocp-umsaturated ketone (lA8).
Lithium (0.2 gm; 0.02 atom) was added to liquid amr.ionia 

(¿1-00 mi.). After all the metal had dissolved (about 10 rnins) , the 
a-B unsaturated ketone (3 g; .008 mole) in tetrahydrofuran (60 mi.) 
was added. After 5 mins, solid ammonium chloride vías added very 
carefully until the blue colour was discharged. The ammonia was 
allowed to evaporo-te overnight and then chloroform vías added. The 
organic solution was then washed víith water, dried over anhydrous
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soclium sulphate and evaporated to give &lí oil (^raax. 1&251 1^66, 
1700 and 5¿,r00 cm"1) wliich was a mixture of tha fully saturated keto 
alcohol (3lr9) and tho starting material.

Conversion of tho fu l ly  saturated keto alcohol (1-1-9) to the 
olefinic ketone (150).

Graznard rsagent prepar 
exc.ess bromómethano in dry o

ed from magnesiua turniags (Lr g.) and 
ther was trented with the precoeding

keto mixture 
stirred for

(0.5 g.) in te trahydrofuran (¿¡-0 mi.) and the mixture 
one hour. The coniplex was decoaposed with a solution

oí conc. hydrochloric acid (25 mi.) in water (50 mi.). Tho organic

solution vías
evaporated,
209 inp (ver y
occurred ah
(CH„-C-) and — 3 „

v/ashed with water, driod over sodium sulphate and 
to give an oil, max. 1710 and 3 ^ 0  cm 7\ max.
strong), Significant signáis in the n.I-í.I.. spectrum 
6„0ivt (CH OH), at 6.96 tau (CH-COCEj), at tau
at 8,5 tau (CH^).

0
Preparation of the totracyclic C-Por-S-homs dieno-ketono 

The preceeding mixture supposeci to contain the olef 
boiled with ace tic anhydride for one hour; methanol v/as 
the solverts removed completely in vacuo. The resulting

(152).
in (150) v/as
added and
acetato

(strong CO) v/as dissolved in ethyl acetato and ozonized at - 6 1°

in a bath of chloroforn and liquid air. As soon as tho blue
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colouration was developed g la c ia l  a ce t ic  acid and zinc pov/der 

wer.e' added to the so lu tion . The mixture was shaken fo r  four hours 

and the zinc dust f i l t e r e d  o f f .  The solvents were then removed 

completely. The o i l  was refluxed with 21: methanolic sodium 

hydroxide fo r  12 hrs. The a lcohol was removed, the residue d ilutcd 

with water and extracted with chloroform. The organic so lu tion  

was dried and evaporated. The resu lt in g  o i l  (Kmax. 225, 255 and 

510 m)̂ 0 was pa.ssed through a column o f activated  alumina, P e t . 

ether (í*0 - 6 0 ° ) ,  mixtures o f pet ether and benzene, benzene, and 

mixtures o f benzene and chloroform eluted d i f f e r e n t  frac t ion s . 

ílowever, chloroform eluted 10 mg. o f an o i l  ( Xmax, 225 151 í'i 2,.  ̂

and 310 mú). The o i l  did not c r y s t a l l i z e .
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