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SUMMARY

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 incl;des a review
of recent work on the stereochemistry and the synthetic work.of
other workers on the alkaloid, 5

v

The main section describes three approaches to thg Eynthesis
of the C=Nor-D-~homo ring system of the veratrum alkaloid;. ﬁowell
and Taylor's acetate»diester 6B-acetoxy-1Pf:2adi (methox} cgrbonyl
methyl)=9B-methyl~trans decalin prepared froﬁ 2:3%:4:9:10:12~-
hexahydro-6-methoxy-12-methyl-2-oxophenanthrene was successfully
cyclised to the potential intermediate 6P-acetoxy-1Pi20o~(cyclopen=

A&
tan-}ione)-9-methy1—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 inithe
pure fa;at Attempts aimed at an easier preparation of the
pentanone acetate by alkylating 1-oxo—6-ethoxy-8a-methy1—1}2,3,7,8,
8a hexahydro naphthalene with different alkylating agentsﬁiére
unsuccessful, the starting material being recovered in each case.

»
. %

In a second approach, 1-(2-cyanoethyl)=2-hydroxy naphthalene
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5. » " »
was converted to 2:3:4:9:10:12-hexahydro-6-methoxy-7-(3-bromo=-

propyl)~12-methyl-2-oxophenanthrene and 8-0x0-10a-methyl=1,2,3,
4,5,6,8,9,10,10a~decahydro=-1-oxa chrysene. The benzene nucleus «
of either intermediate was resistant to reduction and so they ‘1&
could not be used for further work. . .

In the last attempt, 2-benzojloxy-1,2,3,“,5,6,7,9,10,11,12,
13 dodecahydro-12-methyl=7=oc::ophenanthrene was prepared !ﬂ;&tihg'
with 2-naphthol and the tricyclic enone was successfully condensed
with 2,2-ethylenedioxy-5-brom6 pentan--2-one in the presence of-f
potassium t-butoxide in t-butanol. The adduct was successively
reduced, reacted with methyl magnesium bromide, deketalized 5
acetylated, ozonised and cyclised to give an oily substance which
contained the veratramine steroidal rucleus as revealed by its U.V.
spectrum, The oil did not crystallize. An oil which should :;&_
probably crystallize more readily could be obtained if complete
reduction of the original unsaturated adduct could be accompligﬁgd.

In the attempts some new compounds were prepared. These were
mainly naphthalene, phenarthrene and hydrochrysene compoundgéa I.R.,
U.V. or N.M.R, spectroscopic data were recorded for all the new ‘
compounds and for most of the known ones. S%Pe strucﬁﬂral%

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 chemist. This account is a summary 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 ﬂ
the steroidal skeleton portion of this alkaloid in preference %o
that of the other members of the family.

Although Veratrum album 'veratria' was extracted in 1819 by

Pelletier and Caventou1, it was not until 18782 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. album (European or white hellebore) while the
roots and rhizomes of V, viride of U.S. and Canada (American

hellebore) contain jerveratrum alkamines and glycosides as the

Y



zajor components. V. Sabadilla of Mexico and West Indies, on the

other hand contains only veracevine and its esters. The jeveratrum
unconjugated alkaloids contain only two or three oxygen atoms and
show no hypotensive activity. The ceveratrum alkaloids on the
other hand contain seven to nine oxygen-atoms 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 Saito3 first isolated

veratramine in 1940 from the white Hellebore (Veratrum grandiflorum

Loes fil) by a rather strenuous extraction precedure excelled in
simplicity by the method of Ja:obs and Craigh. The crude alkaloid,

extracted from Veratrum viride by means of benzene was converted

to a mixture of jervine and veratramine sulphates, with dilute
sulphuric acid. The sulphatzs in alcohol were converted to the
free bases from which jervine was precipitated as the less soluble

Lydrochloride leaving veratramine in solutiou.

Structural diagnosis of Veratramine

The molecular formula of veratramine first wrongly deduced

)

! - | e =50
as C ¢ H39 NO, by Saito” is now accepted as 027 H39 0N (map. 207

(a)D-69°). On the basis of the available chemical evidence, Jacols

5,6

and Sato assigned to veratramine in 1949 structure (5) in which
ring B is six-membered and aromatic, and the dcuble bond is in
ring D, and in 1951 the perhydrochrysene structure (6) havfﬁg a
six-membered ring C and no methyl group at C-13 (see formula (1)
for numbering). The now accepted structure (1) was proposed by

Tamm and Wintersteiner7 in 1952 and the following discussion will

establish this.




HJ
(5) (6)

Veratramine is pentacylic unlike the Solanum alkaloids‘and
other veratrum alkamines which are hexacylic. The two oxygen atoms
are acylable snd are present as secondary hydroxyls{ thé nitrogen
atom is also secondary. Veratramine therefcre gives with qge%ic

-

anhydride, the 0,0', N-triacetyl compound (7a) 7, R1 = R2 = R3 = Ac

which gives on alkaline hydrolysis the N-acctyl derivative (7b).

5% H; R3 = Ac ., bBenzoyl chloride converts the alkaloid

into a tribenzoyl derivative, nitrous acid converts it to a mitroso

7 R1 = R

compound and with methyl iodide in slightly basic medium it yields

a quarternary methiodide.




Veratramine contains one hydrogenable double bond. It can be
reduced to dihydroveratramine (8). Osmium tetroxide converts the
triacetyl derivative to a diol which can only be acetylatéa to the
tetraacetyl compound. One hydroxyl is not acetylated and is there-
fore probabiy tertiary. This is in accord with the location of
the isolated double bond between C-=5 and C-6., With peracid,
compeound (7a) gives a mixture of isomeric epoxides hydrclysable

to the corresponding diols,.
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(7) H
There is sufficient evidence for the existence of a 5,5'-
unsaturated hydroxyl. Oppenauer oxidation of the alkamine or its
N-acetyl derivative yields an ap-unsaturated ketone (9) isolable
as the hydrochloride. This rules out Jacobs and Satos' structure
(5). The a=-B 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. Clromic anhydride oxidation of dihydroveratramine
yields either the hydroxy ketone 027 H39 02N or the diketone
627 H37 02N° The same hydroxy ketone is also obtained by the
Oppenauer oxidation of N-acetyl dihydro veratramine. It is evident
that the hydroxyl group P¥ to the olefinic bond is more reactive
than the second hydroxyl group. Selenium dehydrogenation of

veratramine gives 3-methyl-5-hydroxy pyridine (11) identical with

the synthetic material.

el
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Veratramine ————§2———§' | //J\\
P
OH

(11)
This fixes the position of the sluggishly reactive hydroxyl at

C=-23, Conversion of veratramine to dihydro-veratramine is

accompanied by a strong positive change in optical rotation, a

-
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change well=known in steroid chemistry in 3 hydroxy &~ ~ compounds.
The location of the other hydroxyl group at C-=3 is therefore
plzausible,

Wintersteiner and Hosansk78’9 had correlated the structure of
veratramine with that c¢f jervine and had thus established the
presence of an active methylene group in veratramine. Triacetyl
dihydro veratramine (12) was oxidized with chromic oxide to yield
the indanone derivative (13) which absorbed in the carbonyl regiou.
Amax. 251 my (€ 10,700); 300 mp (= 2¢,000)., The spectral properties
were similar 1o those orf oa-tetralones and o-~indanones and the
ketodihydro veratramine derivative was as egually inert to carbonyl
reageants as a~tetralones, The same indanone derivative was obtained

by the catalytic reduction of the acstolysis product of O,N diacetyl

jervine (14).







The main product from the chromic oxide oxidation of (12) was
=owever not compound (13) but 033 H,+5 07 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
intensity absorption of the alkamine at 268 mi, and inferred that
the selenium dehydrogenation product (11) resnlted from the
cleavage of the C(20) =~ C(22) bond which must have been activated
0y an aromatic ring. All the other jeveratrum alkaloids give risec
to pyridine derivatives carrying at position 2 ethyl group derived
from C-20 and C~21., Tamm and Wintersteiner? nitrated triacetyl
dihydroveratramine (12) and reduced the nitro compound to the
amine. The amine gave a positive azo-dye test. The presence of a
benzene ring containing four vicinal carbon atoms was established
by the oxidative degradation of the alkaloid. Hot alkaline perman-~
ganate converted veratramine to benzene -1,2,%,4=-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 perhydrochrysenc structure (6) (see

page L),
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(16) (17)

= COOH Prehnitric acid = COOMe
Since rings A and B in veratramine are constituted as in normal
steroids and it is ring D which is aromatic, then ring C must be

five-membered.

(18) (19)

The position of the other methyl groups are in accord with their
positions in normal stercids and hence veratramine is represented

by structure (1). (see page 2)

The stercochemistry of veratramine

The first stereochemical assignment in the alkamine appears

to be the orientation of the 3-hydroxy group. ‘Veratramine and its




iikydroe derivative form sparingly soluble digitonides. The

zossibility therefore exists that this function should be'e-oriented.
Bailey, Hamon and Johnson1o have established recently the C=9

sonfiguration of the alkaloid. The ketones (18) and (19) which

iiffer only in the configuration at C-~9 were synthesized.

OCH., _ OCH
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(20) (21)

The N.M.R. signals for the C=~19 methyl occurs at 8.567 for
compound (18) and at 8.147 for (19). The C-11 oxygen function of
either isomer was subjected to hydrogenolysis and then oxidation
to give the ketones (20) and (21). The ketone (21) derived from
substance (19) was compar-d with 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




(6]:1

(23)

2 ez
= non-identity of compounds (20) and (22). Oppenauer oxidation

fcllowed by catalytic reduction of N-acetyl-11=ketoveratramine
yielded the diketone (23). The C-19, C=21 and C-26 methyl groups

-f the diketone all absorb in same region as the C=19 methyl group
of the synthetic B/C trans epimer (18). Absorption for the C=19
methyl group of N-acetyl=11-ketoveratramine alsc occurs in this
region. Thus 11-ketoveratramine and veratramine, its hydrogenolysis
product, have the B/C trans (9«H) configuration. The above result
hzs been confirmed recently by Masamune, Takasugi and Mori11 in a
series of transformations involving reactions that do not render
C=9 readily epimerizable.

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 atom 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

-



zmicron region. This is exemplified by the I.R. spectra of
pipecclinols (24%a) and (25a) compared with the spectra of the trans

isomers (24b) and (25b), whose hydroxyl groups are equatorial,

P _OH
(2k) W\ (25)
H
(a) cise Mepe 49,5° (a) cis. mepe Gk, 5°

J(OH), free, 3625 cm Y.(OH), free, 3632 cm™

1 1

Y(0H), asso, 3532 cm Y (0H), asso, 3526 cm”

(b) Trans meps 97° (b) Trans m.p. 139.5°

4

‘?(OH), free, 3624 cm" y (OH) 3625 cm™ ]

The I.R. spectrum of veratramine contains only one hydroxyl band
(3619 cm-1). 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 gis, one must be
equatorial and the other axiai.

Okuaa, Tsuda and Kataoka13 had determined the absolute
configuration at C=25. Though they worked on jervine, the result

applies as well to veratramine, since both alkaloids are known to




=ave the same configuration of the piperidine ring.8 N-methyl

iervine was subjected to fragmentation reaction to yield the

> s a2

~lefin (26) and 1,5, dimethyl piperidone (27).

(26)
- OH Me
A [:;;:I/,H
=2« Mg
g
L N
(27) Me :

(28)

The piperidone was subjccted to Wolff-Kishner reduction to yield

1,3, dimethyl piperidine (28). 5(R)-Methyl~-2-piperidone (30)

%:><;Me }a/ :’:H
lHO § i e . \\1\ = f//;:]-\.u°
r s =
7\ H e
(29) (30) (31)

syathesized from D=(+) citronellal (29) was methylated and the

product reduced to give the piperidine (31).

. %
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The picrate and hydrobromide of either piperidine have m.p. 174 =
177° and 198°- 200° respectively. Although the optical rotations
of the hydrobremides 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 (31) is {oriented. Then that in substance
(28) should be o ~oriented, while that in piperidone (27) will be
fnoriented. The substituent at C-25 thus has a E—orientation.
R.Le Augustine14 had just shown that the C-25 substituent is also
cig to the alkyl group at C-22,

Normal=-steroid rearrangement to the C-Nor-~D~homo ring system

5

Jacobs and colleagucs” 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,

Veratramine ——oS—3, “ ::J//
e

o ~

-~

(32) (11)

i,
Qe




T=is would have constituted an indisputable evidence for the
cresence of the C-Nor~D-home ring system in veratramine, except

-

tnat Hiroshi Mitsuhashi and Shimizu'? have obtained Jacobs hydroe

=rbon (32) from selenium dehydrogenation of the stercid 3Es 12F”

20 “=trihydroxy-S5a=pregnane (33), This is certainly a rearrangcment
reaction, The pyrolytic removal of the 12?~hydroxyl group
Znitiated the sveroid (33) to rearrange to the unusual ring system

3k, prior to selenium dehvdrogenation.
PH  CH,(CH).CH,

= 5 |
! l l i
HESE s ’/\ I e e ,
. ekl | :
= OH . i (3h)
| | se |
= ~/ Y

Veratramine : - Jacob's hydrocarbon
(32)

16

It is clear, that an encounter of Jacob's hydrocarbon as a
seleaium dehydrogenation product is not conclusive an evidence for
the existence of veratramine nucleus in the original compound.
Zirschmann, Snoddy, Hiskey and Wendler17 converted hecogenin to
its 3-methyl succinate-12f-nmesylate derivative (35) which they
refluxed with t-Latoxide ir t-butanol, The steroid isomerized

to a mixture of olefins characierized as substances (36) and (37).



(35)

Sl i (37)

The above rearrangemecnt was effected by Phillips, Taylor and
Eyman18 almost at the same time.
Of particular interest are the products obtained by Mitsuhashi

and Shimizu19’2°

from such rearrangements. Bg-Acetoxy-Sd-pregane-
12=cne (38) prepared from hecogenin was subjected to bromination
and then hydrolysis tc give the keto-diol (39). The hydrazone of
(39) was heated with sodium ethylene glycolate to give the

rearranged product (40) which was successively acetylated, oxidized




- 17 -

and reduced to give a product identical with Fried and Klingsberg%?1
jervine degradation product (41). Mitsuhashi and Shibata>® on the other
hand degraded hecogenin to 3?,12%-dihydroxypregn—16—en420-one-3-
monoacetate (42), the tosylate ofLwhich was refluxed in pyridine

tc give the rearranged product (43).

[ |’
P QO CH
! H ¢

r b

Y
Hecogenin ———on o{l\/‘\ 7 ‘\/‘\/l
; b ™.
(38) (39)
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The & f~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 %fotal synthesis of 5,6-dihydrovera=
tramine (8)., The aryl ketone (44) is of course identical with

the dihydroveratramine degradation product of Masamune and Takasugi.
A degradation produét (48) of veratramine that could be reduced to
a substance with which (44) could alsc be compared has been
described by Franck and Johnson.23 Veratramine was N-chlorinated
with Nechlorosuccinimide to give substance (45) which underwent a
fragmentation reaction to an imino compound hydrolysable to a
mixture of C-20 aldchyde epimers represented by the single
structure (47). Nitrosation and deformylation with n-butyl nitrite
and a solution of sodium in n-butanol converted the aldehyde to the
oxime of the kctone {(48) which could alsc be obtained by the
chromic oxide oxidation of the morpholine enanime of the aldehyde.

Steroid rearrangements to the unusual ring system under

~R X\ R
| o
| paeees i
! Tosylate OH i
: (43) & (k)
(k) H R = COCH




' 24=27

comsideration had been encountered by other workers,

Sl Lo

0 .
’ | S CHO l I \/ \é\
5 %::::] P //A\tt::::] 4*’( E
! | O/ //\
< \\ = 3 ,)\\/' A
% OH é’
(47) (46)
i
v
OCH3
4?9395u__ Morpholine

" enamine of

(47)
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Previous synthetic studies on veratramine 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.
Barnes and Gerber28 attempted the preparation of fhe fluorene
derivative (56) readily transformable to the jervine degradaticn
product (57), but only ended up with the preparation of 1,8-
dimethyl-7-methoxy-1,2,3,4,4a,9a,~hexahydrofluorenone-2-carboxylic
acid (55). U4-Methoxy-3-methyl benzaldehyde (49) was prepared in
Lhy yield from 2-methylaniscle, dimethyl formamide and phosphorous
oxychloride by the Vilsmeier procedure, The methoxy-aldehyde was
subjected to Reformatsky reaction with methyl X-bromocrotonate to
give methyl-b-methoxy-3-methyl styrylacrylate (50) hydrolysed to
give the corresponding acid (51). UL4-Methoxy-3~-methyl styrylacrylic
acid (51) was subjected to hydrcquinone-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 rvom temperature by phosphorous pentachlc—
ride. Cyeclisation by means of aluminium chloride affcrded the

fluorenone (54) debrominated by catalytic hydrogenation in a
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OCH,
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alkaline solution of alcchol containing a pre-reduced palladium-
on-barium sulphate catalyst to give the compound (55).
29

In another approach Barnes and Faessinger constructed the
two halves of the intermediate (56) from the same starting material
viz, 3-methox§-2-methy1 benzoic acid (59) which was obtained in
30% yield by the alkaline fusion 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 oxidizing it with boiling alkaline
pernanganate to the bromo diacid (61) identical with an authentic
sample prepared from hydrindone (62). The methyl ester of (60)
was subjected to Ullmann reaction to give methyl-4-4'-dimethoxy-~3,
3'-dimethyl 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 Clemmensen
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,
ka,9a,-hexahydro fluoren-2-one (56) was achieved by Barnes and

Sedlak”® in 1962. Hagemann's ester (69) was alkylated with
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72 9 QCH3 reaction on
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3
3
: (64)‘ (1) H,/Cu-Cr Oxide (63)
& (2) Oxidation
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3-chloromethyl-2-methyl anisole tc give the substance {70

77 (1) Cyclige BT Lol
I (2 H,/Pd-C_\_ .
c,/ CH,, .OH

dooc 1 000 i 5
(71) (72) (73)
ST
e
e, 00
(56)



Catalytic hydrogenation of (70) yielded 2-(3'=methoxy-2'-methyl)
benzyl-3-methylcyclohexanone-k-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 (74) in 30% ' yield. The olefin was also
obtained by heating the tosylate with collidine. Ozonolysis of
the olefin afforded the intermediate ketone (56) in 81% yield.
Another synthetic approach was reported by Arene and Taylor.31
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-bromoflucrene (76). The
bromc compound was converted to 1—methyl-2-;3:;Zfluorene (%@5 by
the method of Friedman and Ne'.van.32’33 Nitration followed by
reduction with hydrazine hydrate and palladised charccal in ethanol
yielded 1~methyl-2-cyano-7-aminofluorene (78). Diazotisation,
hydrolysis and methylation converted (78) to 1-methyl-2-cyano=7-
methoxyfluorene (79). Smcoth hydrolysis of the nitrile to the
corresponding carboxylic acid (80) was effected with potassium

hydroxide in boiling ethylene glycol. The corresponding methyl



Y
ester was reduced to the alcohol (81) whieh en Birch reduction

afforded 7,8~dimethyl-1,2,3,4,4a,9a~hexahydrofluoren-2-one (82)

in very poor yield. THe poor yield discouraged further work.

|
— g
l I |
Tt C
| R i (1) Nitxat
P St | = s (2) ;z:duzee

(75) (76) (77)

(1) Diazo,

(2) Hydro .
(%) Methyl. 2
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Schiess, Bailey and Jehnson” have effected ring-C contrac-
tion of a chrysene derivative to give a product containing the
novel veratramine nucleus. Acetoxy-methoxy methyl dodecahydro
chrysene (84) obtained by acetcxylating cempound (83) at C-12
with lead tetraacetate was subjected to acetic acid eliminatien
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 methanclic sodium hydroxide
solutionsN.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.

3536

Kutney and colleagues prepared 2-methoxy-8-oxo-10a-
methyl-5+6+4899+10,10a,11,12-octahydrc~chrysene (91) starting with
6-methoxy-2-tetralone and have just reported its conversion te the
veratramine ring system “y a ring contraction procadure similar to
the one outlined above. The methiodirde of 5-Diethylaminopentan=3~
cne 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).






The mixture was further extended with methyl vinyl ketone to give
the chrysene derivative (91). The & %—unsaturated ketone was
subjected to the sodium-liquid ammonia-alcohol reduction to give
the saturated alcohol which wae acetylated to give (92). The
acetate was oxidized to the 12-keto compound (93) which was reduced
with sodium borohydride and then dehydrated with phosphorous
rentoxide in refluxing benzene to give the acetoxy methoxy styrene
derivative (94), The olefin (94) was readily hydroxylated to the
édiol 795), oxidized to the dialdehyde (96) by means of periiodic
acia. The dialdehyde was converted to the aldol (97) which was
subjected to mild oxidation with Jone’s reagent to give the
diketone-aldehyde (98). Substance (98) on deformylation then
sielded 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 8.857 while

that of (100) absorbed at 8,747

/Oiie OIie /\2|/&Ie
. Y “g

(89) (91)
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Hewell and Taylor'837 synthetic pathway is of interest in

co=mection with the present weork. 6%—Acetoxy—1?~2«?di(methoxy

=rbonyl methyl)~9B-methyl-trans-decalin (115) was prepared by
= route analogous to the preparation of the diester (4167) which

38-46

= zn intermediate in Johnson's celebrated synthesis of dl-
tarone (See pages 27A & B  for aschemte invwolvin: relevant stages
»¥ the synthesis). 7-meihoxy-1-methyl-2-tetralone (110) was
z1kylated with b-chlorobutan-2-one and the vroduct cyclised to
zive 2,3,4,9,10,12-hexghydro-6-methoxy~12-methyl-2-oxophenanthrene
111). Birch reduction of the phenanthrone gave a mixture of keto
=lcohols epimeric at C-14. The &~isomer (112) was hydregenated
cvar palladium-on-calcium carbonate to the fully saturated keto-
=z1cohol (113) which readily formed the furfurylidene derivative.
The acetate,of (114) was ozonised to an acetate diacid which was
not isolated but methylated directly with diazomethane to the
corresponding acetate diester (115). The difficulty encountered
in obtaining (111) did not encourage further work. However,
vefore the commencement «f this work, Kuehne47 described an easier
method 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 intermediates for the total synthesis of




OMe

P \\//A\\]

MeVoe
P ( \/ e Jf\%/%l/\,/
. SRy,
o AN
R = 1 ~ diethyl
amino~3=-pentanone
OG}I?
j)q\le l
/\/\|/\/7 Redu(\uﬂon \[/\/-4
{ /6\I 1i/M
.///U
(101) (302)
i i

$9 3L
(j:jij \AND /j\\/

(103) (104)



/\/\

O

5 al
(105)
. COOR
|
i 1~ * CH CF COOR
P, /l \/‘ .
\ ATD
(1071v)
|
3 0

e
\\ (1) WaBi,

»\Ll

N\
N\

\
\//o

(2) Hydro.

(108)

(106) l

0~

(109)

/3/%\‘ & l
8 ﬁ)ﬁ
F = Furfur

.- COOR

CH CH CO\,




sl NS

voratramine are attempted. The first pathway involves the

Mo
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(119) : (120)
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creparation of Howell and Tayler's acetate diester (115) and
subsequent conversion of this to a suitable intermediate thus:

the diester (115) could be subjected to Dieckman's cyclisation
procedure te give the &keto ester (116) which might be decarboxy-
lated te the adelatepentanone (117). Alkylation of (117) with
ethyl.ﬁ—chloroethyl ketone would yield an adduct which ceuld be
cyclised teo give the tetracylic c‘fbuﬁsaturated ketone (118).

The cyanohydrin (119) ef the ketone on dehydration would yield

the nitrile (120) which could be dehydrogenated te (121) conver-
tible to the ketone (122). The aryl ketone could then be compared

with Masamune and Takasugi's dihydroveratramine degradation preduct

(44).



In the second reaction sequence, a successful preparation of
7-methoxy-8(3-bromo propyl)-2,3,4,9,10,12-hexahydro-2-oxophenan-
threne (133) was envisaged, provision being made for the bromo-
propyl side chain in the starting material (124). Reaction of
this compound with potassium cyanide followed by alkaline
nydrolysis would convert it to the carboxylic acid which could
be reduced to the 1™ -H ectahydro compound (134%) by means of
sodium in liquid ammonia. Demethylatien of (134) to the acetate-
phenol (135) could be effected by means of sodium hydraxide 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 chromic acid.
c(7) = €(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 (146) 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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ring C epened would later provide ring C and D of the veratramine
zucleus, was attached at a later stage to give the phenanthrene
ierivative (148).48 Compound (148) could then be reduced to the
fully saturated keto-alcohol (149) which could be converted to
the tetracylic ketone (152) by transformations similar to those
represented by (136) - (140).

The ep-unsaturated ketone would yield Masamune and Takasugi;
iihydroveratramine degradation product (44) cn selenium

aehydrogenation.

(141) (142)

(143) (1) (145)
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DISCUSSION

In order to prepare a suitable intermediate for the total
=tnthesis of veratramine by the first scheme just discussed,
s-keto=b6-methoxy-12-methyl-2,3,4,9,10,12-hexahydro phenanthrene
»=s cmployed as the starting material, This was prepared essen-
tially by the method of Kuehne.47 2,7-Dimethoxy naphthalene was
recovered unchanged when its reduction by means of sodium in
methylated spirit was attempted. (see page Z2Afor the reaction
sequence) A similar reduction had been carried out at a bath
temperature of 1150 by Cornforth and Robinson.50 A suitable
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
Syntheses51 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. Howevery
the yicld of the tetralone was only 25%. The crude product from
the reaction was shown by careful chromatography to consist of
7-methoxy=~2-tetralone (strong carbonyl absorption at 1760 cm~1)
2,7,dimethoxy 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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specimen kindly supplied by Mr. I.T.U. Eshiet, Attempts to improve
the yield failed. Inverse addition of the alcohol to a mixture of
sodium and the dimethoxy compound or the slow addition of sodium

to 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
enamine slkylation method.sz"55 The period of five days which in
Kuehne's#7 procedure was necessary to decompose the quartenary
ammcnium 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,
and can be contrasted with Cornforth and Robinson's56 direct
methylation of 5=-methoxy~2-tetralaone which yielded a mixture of

the 1=-methyl and 1:1-dimethyl derivatives and some unchanged

starting material. (See formulas 156-158).

\00H3 -
Pl - Wi 3 + (156).
F Na,McOH

OMe OMe

(156) (157) (158)
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Tirst attempt to obtain the tricyclic ketcne (111) by homoannela-
<ion of 7-methoxy-1-methyl-2-tetralone (110) with methyl vinyl
z=%tone was unsuccessful. As a check of Kuechne's synthétic pathway
to the preparation of the ketcne (1‘11),ae 1-methyl-2-tetralone (161)
s=s prepared by two different methods. 1-Tetralone (159) prepared
oy Friedel Craft's acylation of benzene withﬁf;butyrolactone57 was
sonverted to 1-methyl-3,4-dihydro naphthalene (160) by the action

-f methyl magnesium jodide. The dihydro naphthalene was oxidized
with perbenzoic acid58—59 to give 1-methyl~2-tetralone, the I.R.

spectrum of which was identical with the enamine alkylation product

of 2-tetralone.

(159) (160) (161)

Trial ring extension experiments with the more readily available
1-methyl-2-tetralone then revealed that success of the Robinson's
ring extension of 7-methoxy-1-methyl-2-tetralone with methyl vinyl

ketone depended on strict low temperature control, slow addition of




thc reagent and on absolute exclusion of oxygen from the reaction

- —

system. The actions are necessary as a result of the reversibility,

"

=nd exothermicity of the rcaction. High temperature favoured retro-
;r:ssionso and presence of oxygen promoted complex oxidation side
reactions. The use of an atmosphere of butane gas instead of the
sommercial nitrogen which is not completely frec from oxygen solved
the last difficulty. In this way, the tricyeclic methoxy enone (111)
(sce the formulas Thelow) was obtained in 52% jicld taking into
account the recovercd starting material. It gave very good elemental
analysis and its I.R. and U.V, spectra, (¥ max. 1575 cm-1, 1616 ca™!
a-md 1670 cm-1. A max. 205 M (¢12,540), A max. 228.5 mM (€18670)
were in good agreement with the assigned structure (111). The m.pe.
630, agreed with that obtaincd by Howell and Taylor. Kuchne

reported m.p. 78.5 = 790. The discrepancy might arise from the

difference in .crystallising solvent.

Oie e

(111a) (111) (112)
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s i-terest was the isolation of the keto=alcolol (1lla) (¥ max.
1
)

1750 ecn and 3570 en which was a nrecursor of the unsaturated
-one 111, Suooth fehyizntion of %the alcohol to the unsatura-
=7 Letone wageffected in boilin' iethanolic solution of potassiunm
Tiroxide.

With the preparation of the siariing naterial wiler control
~tiention was Airected towards its coaversion'tc tlhe af-unsaturated

a

-kzeto compcund (112), Tle prodblen tharpwas thrcefold, The C=2

¥ )

sarbonyl wust Le comverted to the gorgesponding 2f-secondary
svdrewyl. 'Mhe 31l olefinic fudetion nust be reduced in 2 way to
sonfer on rings A and B 2 trams-fusion arvan:ensat and the benzene
mucleus should be reduced to a fora in which tho C-6 methoxy would
se transfornable intola fuanciion which couls te used in a coantrolled
contracticn of iimy; C. f%he first atteapt was a stepwise reduction

of +the dovble bond

.
6]
| ]
(o]
o
(&N
<
@
e
o
o
]
ct
e
(o]
-

of the tricyclic ketone,

by means of lithiua in liguid amnounia followed by an addition of

9
esl

ammonium ehlorid yielded the saturnted ketone (163) ri.p. 129.5 =

170° in 78% yield. (See pase 364 for the formulas), In the hope

that raduvection should follow sane patiern as for the allo series

-

of the conventionnl steroids, the octahydrophenanthrene (163) was

recuced with podiun borohydride.






The reduction was not stersospecific but yielded a mixture of the
2z and 28 epimeric alcohols instead of yieldinr only or mostly the
28 - isomer, The mixture could not be separated but was further
reduced by means of lithiwn in ligquid aumonia in the presence of
alcohol to a mixture of the dienol cthers (165) which gave either
a2 nixture of the ﬁxﬂunsaturated ketone (166)(s%xd>ar CO at 1710 c55,
on mild hydrolysis with oxalic acid cr a mixture of af-unsaturated
Ieto~isoners (112) on hydrolysis with hydrochloric acid. Ian the
attezpt, only one crystalline naterial was isolated as a benzoate

ReDe lh0-142°, ¥ max (lujol) 720 cm—l, 1634 cm"l, and 1725 cm-l.

It did not fornm a D,II.P, and was probably 2p-~Benzoyloxy:l:2:3:h:7:9.
8:10:i1112313:l4—dodecahydro-12—methyl phenanthrene. The formation
of the olefin proceceded by an initial conjuzation of the double
bonds in the dienol ether (155) followed by additiorn of hydrogen
atoms to the C(33) =~ (14) olefinic bond ond finally the cleavage
of the C=6 methoxy proup., =Ether-cleavage of this type is not
unconmon with liguid aivionia reduction of nethoxzy benzenes;61-62

An alternative route for coanverting octahydro-6-methoxy=-12-
methyl=-2-oxonienanthrene (167) to the fully saturated 2-acetoxy-l2-
methyl=6-keto phenanthrene (171) was explored. Denethylation with

potassim hydroxide in boiling diethylene glycol was unsuccessiul,

The phenolic ketone (167) n.p. 174° obtaine? by thc action of
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nydriodic acid in refluxing acetic acid on compound (163) was
reduced by means of sodium borohydride to a mixture of thes{and B
plenolic alcohols (168) which on selective acetylation with glacial
acetic acid yielded.presunahly the phenolic -- 2B-acetoxy compound
(169) m.p. 14#-146°r The overall poor yiéld of the phenolic acetate

based on the methoxy ketone (163) justified the reluctance to
OMe OH OH

i f i
(111) (163) (167) . (168)




continue with the scheme, Had the yield been higher, high
pressurc hydrogenation followed by chromic acid oxidation of
substance (169) should yield the fully saturated acetoxy ketone
(171) which on hydrolysis should give the reduction product of
coupound (112).

The preparation of the unsaturated ketone (112) was realized
by using a modified method cf Howell and Taylox which was essen-
tially a one-stags Birch reduction of the hexahydrophenanthrone
(111): Howell and Taylor37 carried out the reduction by umeans of
sodium in liquid amrionia in the presence of methanol and obtained
a yield of about 15%; Here tke reduction was carried out with
lithium in sane nediun but in the presence of a less reactive
alcohol viz, n~propanol, in 31% yield; It was felt that this
yield was reasonable in the light of the complex nixture of isomers
the reduction should give like the reduction of other substituted
63,64

p-alkyl anisoles from theoretical consideration.
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Infra red spectral analysis of components obtained by passing the
nixture through a colunn suggzested that among other things subs-
tances (a) - (e) might be present in the reduction product in
agreenent with the experience of Johnson and collaborators;

The unsaturated keto-alcohol (112) which was of intercst was
isolated crystalline m;p; 118-120° and as its benzoate. Catalytic
hydrogenation of compound (112) to the fully saturated keto alcohol
(113) over palladised charcoal catalyst although smooth and fast
only gave a resinous oil which did not crystallizc; Addition of
trace of alkali to the reaction nixture did not improve the si?ua-

tion., A 60% yield of the crystalline material m.p; 98-102° was



) s

towever obtained when palladised calciwn carbonate catalyst was

useda.

Specific ring opening of compound (113) between C-6 and C-7
was achieved without much difficulty; Condensation with furfural
was effected at C~7 in an alkaline medium. A crystalline produc£
was obtained after passinz the crude furfurylidene derivative
through a coluin of activated alunina, However, three successive
crystallisations were neceded to raise the nmelting point to the
value of 204° obtained by Howell and Taylor;37 Alkaline peroxide
oxidation of the acetate of trans~antitrans~7-furfurylidence

perhydro=-2~hydroxy-6-oxo-phenanthrene (114%) resulted in no
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oxidation but in extensive hydrolysis of the acetate. This would

1ave been a very suitable oxidation procedure for 2 large scale run,



Complete ozonolysis of only one gn. of the furfurylidence acetate
in ethyl acetate was not achieved cuickly at - 20°. Ozonolysis
in same solvent or in methylene chloride at =~ 78° (acetone-solid
carvondioxide bath) was compnlete within three hours. Acid hydrogen
peroxide oxidation of the ozonide gave an acetate diacid (115b)
m.p; 200° which gave an impure acetate diester after esterifica-
tion with crude diazonethane, I.RN. spectrun of the product showed
that the diester was contaninated with nitrosomethyl ureca.
Methylation of the diacid with redistilled diazomethane gave &
very pure nroduct m;p; 103o in agreement with the literature value.
Good elenental analysis was obtained and both the infra red and
MR snmectra were in good agrecnent with structure (115); The
infra red spectrun was identical with that of an authentic specinen
kindly supplied by Professor D.A,H, Taylor, The n.n.r. spectrum
showed absorptions at 9.,27% for 3 protons as a singlet (C=9 methyl)
at 7,57 for 3 protons as s singlet (C-6 acetate methyl), at 5,547
for 6 protons as a siuclet (two O-methyl) and at 4.6~k Y for 1
proton as a nultiplet (C~6 hydrogen).

The acetate diester (115) was hydrolysed to 6p-Hydroxy-1B-
2a-diacetic acid~9p~-methyl-trans decalin (172) nm.p. 224° in an

attenpt to convert the diacid to the anhydride (173) the pyrolysises
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of which ghould give the pentaunone (117). However, attention was
directed towurds obtaininy substance (117) by the Dieckman's
cyclisation procedure which appearcd simpler than the pyrolysis
nethod. Cyclisation66 of the acetate disster in benzene by means

of sodium hydride zave the starting material with the C-6 acetate




group hydrolysed. Sodiuwa hydride is a stronger tase in dimethyl
sulvhoxide than in benzene., The cyclisation was hence repcated

in the solven’c.67 The infra red spectrun of the product only
showed some promise of reaction, Alcoliol-free potassium t-butoxide
in dry benzene#h however effected cyclisation of the acetate
diester to pive 77% yield of 6B-acetoxy~1p:2a~(cyclo-4t~carbomethoxy-
pentan-3'~one)-9-methyl trans decalin (116) with a trace of the
corresponding 6B-hydroxy compound as a yellow oil. v max 1725,
1760, and 3400 cm”l, (see page U3 for the numbering). Decarboxy-
lation followed by rcacetylation of the B-lieto ester afforded in
overall 53%% yield 6B-acetoxy-18:2a=(cyclopentan-3'-one)~9-methyl
trans decalin (117) u.p. 74°%. o crystals werec obtained in the

. presence of any trace of solvcnt.l The infra red spectrum of the
nentanone - acetate showed only one absorption for both the
acetate carbonyl and the cyclopentanone carbonyl, After alkaline
hydrolysis thec spectrun showed a hydroxyl band and a strong
carbonyl absorption due to the cyclopentanone keto group. The
Wik, signals were significant, There were signals at 8.9°7 for
3 protons as a singlet (C-9 methyl),at 8.%2 = 8.,27Y for 4 protons
as a doublet (2' and 4! methylenes) gt 7.517§ for 3 protons as a
singlet (C-6 acetate methyl) and at 4=4,5°7 for 1 proton as a

nultiplet (C~6 hydrogen). A very useful intermediate for the




synthesis of veratramine was therefore obtained.

The cyclonentanone carbonyl in the intermediate (117) is
flanked on both sides at C=~2!' and C-=4! by active methylene groups.
It was evident that ring extension of the pentanone to the af-
unsaturated lzetone (118) typifying the unusual C-ljor-D-homo ring
system must involve an initial selective alkylation of the
pentanone-acctate. As a model for this reaciion, 6-tlethoxy=1l-
tetralone and S5-nethoxy hydrindone-l (prepared by methylating
S=incanol with dimethyl sﬁlphute followed by chromic acid
oxidation68 of the ether) were each foraylated according to the
procedure of Johngon, Anderson and Shelber;68 2-Hydroxy methylene-
6-nethoxy~l-tetralone and 2-~hydroxy methylene-5-methoxy-~l-hydrindone
were each alkylated with ethyl B-chloro~ethyl ketone in the presence
of sodium methoxide in methanol, The cyclised nroducts from the
two exploratory experiments were oils which had identical infra
red spectra characterized by trinlet absorptiors around the 6~
micron region. Alkylation of the formyl derivotive of compound
(117) yielded a similar ring extension product. A crystalline
enatiine of the pentanone was not obtained and so ring extension
by Stork's procedure was not attempted., Direct ring extension of
the pentanoneacetate, with B~chlorodiethyl ketone and sodium

cthoxide in ethanol however, pave a substonce mn.De 134° (decouposed).



Althouzh the substance had the expected U.V. absorption at 251 m
it gave a very poor elemental analysis for C1§HZ802 which is the

formula for the tetracyclic compound (118a).

:
f (118a)

R = Cl.CH ‘CHE‘CO.CH .CH

2

2 3

The acetate of the substance absorbed at 243 mfj (& 4,660) but
also gave poor analysis. The U.V. absorption is however in fair
agreement with that obtairned for the same acctate encountered by

69

Ilitsvhashi and Kawahara in a recent degradation work, although
their €~-value of (18,100) showed the present sauple as far from
beinT pure.

It was clear, that if the pentanone acetate (117) could be
obtained in a larger quantity it should bhe possible to obtain a

cleaner ring extension product. A shorter route to the preparation

of substance (117) was sought.
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High pressure hydrogenation of resorcinol7o-7l gave dihydroresor=
cinol which was methylated to 2-methyl-l,3 cyclohexane-dione
(174) in high yields The dione was ring extended with methyl
vinyl ketone to 1,2,3%,4,6,7,8,8a-0ctahydro-8a-nethyl-1,6-naphthalenc=-
dione72 (175) which was etherified %to the ethoxy derivative (176)
according to the procedure of Swaninathan and Hewman;73 Alkylation
of the l-oxo-6=ethoxy coupound with bromo acetone74 gave unchanged
starting naterial. Xeforamatsky reaction of (176) with ethyl brozo
acetate was unsuccessful, This would have given the adduct (1789

convertible to compound (184) by tic reaction secouence represeated

by (178) = (184).
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(1) Protection
(2) Methyl lithium,

:C

(17

(18%4)

Since attempts to obtain the pentenone acectate (117) by a shorter

reaction secuence failed, the first synthetic pathway was abandoned, *
% ]
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Tor the second synthetic pathway (see mage Z0A for the chart).
1{bFydroxybutyl)-2 methoxy naphthalene was at first considered a
suitable starting material., C-1 Eromination of nerolin in
chloroforn gave l-bromo-2-nethoxy naphthalene in 59% yield; The
Grignard reagent formed from magnesium and the précecding
bromnonaphthalenc was trcated withqributyrolactone. The product
consisted maisly of 2-methecxy naphthalene and a fraction which
was a mixture of saturated and ap-unsaturated carbonyl compounds,
The latter fraction was hydrogenated at high pressure and the
resulting wixture of tetralin derivatives oxidized with chronic
acid. Mo crystalline product was obtained, Thec same Grignard
reanent was reacted with B-carbomethoxy propionyl chloride75 in
an endeavour to obtain 1-(¥ -carbomethoxy propionyl)-2-methoxy
naphthalene but the product was mainly 2-nethoxy naphthalene,
However, l-(2-Cyanoethyl)-2-hydroxy naphthalene76 (12L) prepared
by cyancethylation of 2-naphthol was found as an alternative
startifnig- material, Alkaline hydrolysis of the phenclic nitrile
followed by acidificntion with concentrated hydrochloric acid
vielded 5,6-benzdihydrocownarin (125) m.p. 52-54° and an
unidentifiable acidic substance of formula 01551205; The dihydro~
counarin only solidified when completely free from solvent, It

gave very good elemental analysis andé its infra red specirun
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L and 1762 cm"l) was in accord with

(¥ nmax. 1582 cm-l; 1632 cn
structure (125). Reduction of the dihydro coumarin with lithium

aluminium hydride yielded the crystalline diol (126) m.p. 135° in
quantitative yicld. The diol (Q max. 158745, 1625, 3150 and

3410 cm-l) gave a green colour with ferric chloride solution and

could not be the cyclic ether (126a), a fact confirmed by the IR

spectrum of the diol, and by C, H-analysis.
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High pressurce hydrogenation of thc phenolic alcohol over neutral
Raney nickel catalyst gave a mixture of 1-(3-hydroxy propyl)-2
nydroxy=5,6,7,8-tetrahydronaphthalene (127) m.p. 65-70° in 78%
yield and a neutral fraction presuuably 1-(3-hydroxy propyl)-2

hydroxy=1l,2,3,4~-tectraliydronaphthalene (127a). The infra red



spectrum of the former is of interest. Two hydroxy absorptions
(3233 om™ T and 3550 cm"l) around the 3 nicron region suggested et
extensive hydrogen bondingl2 in the molecule as represented in

formula (127).

N,

-CH2-C .OH i

<§>\;/j;§> _-OH /J\\/p)* rﬁa o1
! i ;
A \/j N

R = CH 'lcn?;mzloa (127) (127a)
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(126)

The bondinp was destroyed after methylating the phenolic alcohol
with dimethyl sulphate, there being only one hydroxyl absorption
(3400 cm-l) in its spectrum, Bromination of the methoxy alcohol
(128) with phosphorous tribromide in benzene gave a poor yield of
the bronide. (See page30A ). When the reaction was however
repeated in dry diethyl ether a 65% yield of 1~-(3-bromopropyl)-2-
nethoxy=5,6,7,8~tetrahydronaphthalene (129) was obtained. Chromic

acid oxidation of the precceding tetralin derivoative afforded

CH.,0]
c.




5. (3=bromopropyl)~6-methoxy-~Ll-tetralone m.p. 92-94° inl.only 32%
yield: a good analysis was obtained: The nmajor oxidation product
was an acidic substance which was not investigated further,
Attenpt to inprove the yield by controlling the reaction temperature
failed. Although the closely similar acetoxy compound 5=(3=-acctoxy-
propyl)=6-methoxy-l-tetralone prepared by acetylation of (128)
followed by chromic acid oxidation was obtained in a higher yield
of 50% it could not be obtained crystalline and so it was rejected
in favour of the bromo tetralone, 6-Methoxy-5(3~bronopropyl)=>3s:l~
dihydro-l-nethyl naphtialene (131) obtained as o yellow oil by the
reaction of uwethyl magnesium bromide on the l-tetralone (130) was
converted to the corresponding 2-tetralone (132) by perbenzoic
acid77 epoxidation of the Cl-C2 olefinic bond followed by acid
hydrolysis,

Robinson ring extension of l-methyl-5(3-bronopropyl)-b-
nethoxy=2-tetralone by means of methyl vinyl ketone in tThe presence
of potassium hydroxide gave the oily tricyclic compound (185) with

the side chain bronide hydrolysed to the alcohol,



(128) (129) (130)

The tetralonc was condensed with methyl vinyl ketone in the presence
of potassium hydroxide to give the adduct (186) which was isolated
as an oil (¥ max. 1710 en™T and 3400 cm;l); The milder base,
potassium carbonate, effected smooth dehydration of the adduct to a

mixture of enones (133) and (187) scparable only by chromatography.



H

(186) : (133) (187)

Of the two products_only substance (187) m.p. 160-162° was
crystalline although both enones had very similar infrared spectra:
The ultra violet of the solid showed two absorptions (A max., 207 nf)
and 234 m}’)and the infra red specctrum showed absorptions at

1 and 1650 en™", C, H-analysis was

Ynax. 1587.5 cn™, 1616 cu”
in fair agreement with formula 018‘112002 and its W.il,'. spectrum
agreed with structure (187), Therc werc absorptions at 8;041‘

for 3 protons as a singlet (C~9 methyl), at 6,96-6,6 T for six
protons as a nultiplet (2xAr. CH,CH, and CO gga), at 5,04-4,48 (7
for 2 protons ostriplet (ggga),';:-;:88'1'for onec proton as a
singlet (C=5 olefinic hydrogen) and at 1.96-1.24 Y for two protons

as a quintet (two aromatic hydrogens). Further support for the

structurc was obtained from its inertness towards alcoholic



potassiunm cyanide; The formation of the cyclic ether is still
not very clear, One possibility is that it might originate from
incomplete methylation of the phenolic hydroxyl compound (127)
which at the bromination stage should give rise to the cyclic

ether (188):

A OH

e

(127) (188)

This is very unliXely in view of the chemical separational
precedure involved in the preparation of the methoxy coumpound
(129), the chronic acid oxidation product of which was crystalline
and analysed very well for corbon, hydrogen and bromine., On the
other: hand demethylation might occur during the perbenzoic acid
oxidation of the dihydronaphthalene derivative (121) by an obscure
nechanisme A third and likely possibility is that casy dencthy-
lation of the methoxy group during the ring extension of the

tetralone (132) by potaossiun hydroxide might be due to an
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activation effect imposed by a benzene nucleus carryiang four
vicinal substituents. Alkaline cleavage of vhenolic ether of
this type is not unprecedeanted in the 1iterature.78 Attenpt to
convert the 2-tetra16ne derivative (132) to the corresponding
carboxylic acid (190) which it was hoped should be crystalline
and serve as o purer starting material for the preparation of a

tricyclic conpound reducible to compound (134) failed.
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'"The acid was obtained as an oil.,



Now the crystalline tetracyclic enone (187) should give on
Birch reduction followed by acid hydrolysis the ap-unsaturated
keto~alcohol (191), It should then be possible for the carboxylic
acid obtained by reacting the bromide (133) with potussium cyanide
followed by alkaline hydrolysis of the resulting nitrile to give,
on Birch reduction, the enone (134a) instead of the octahydrophe-

nanthrene derivative (134).
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The enone (187) was therefore reduced with seventy equivalents of
lithium in ligquid ammonia in tThe presence of methanol. Tnstead of
obtaining the gp-unsaturated keto alcohol (191) however, only the
double bond and keto group wer: reduced, and 83-Hydroxy-10a-ﬁethyl-
112934445,6,6a 47,8,9,10,10a~dodecahydro-1-oxa~chrysene (192) m.p.
128° was obtained., The structure is in agreement with the I.R.
spectrum. If on the other hand the benzene nucleus of (192) could
be fully reduced, then it would give on acetylation follow?d by”
tther 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 3€ hours and yet the benzene ring was not reduced,
Resistance of the benzene ring to reduction might be due to
steric hinderance, provided by the bulky ether oxygen and the
hydrogen atoms of the methylene group ortho to the ring junction
where reduction should take place preventing the approach of proton
donor to the aromatic nucleus.79 It was therefore not possible to
continue with the scheme.

In the last synthetic pathway (see page 31 for the chart)
ring C of a phenanihrene derivative was reduced to an enone prior

to C=8 alkylation which provided the necessary side-chain envisaged



in the preceeding pathway. IExploratory allkylation experiments
were carried out om 1,2,3,4,5,6,7,9,10,11,12,13~dodecahydro=-1,
1,-dimethyl-2B~hydroxy-1l2-ncthyl-7-oxophenanthrene (193) again
supplied through the kindness of Professor D,A.H, Taylor. ﬁx-Bro;o
butyric acid80 was prepared from a mixture of T-Butyrolactone and
60% hydrobromic acid. EstcrificationSl of thecrude acid with
nethanol gave a mixzture of butyrolactone, unreacted acid and the

required methyl ester. The contanminants were water-soluble and

were therefore removed from the mixture with water,

'.//\ ;;'O ’/\_\":;0
o \4/1\/ AN )\ V/,'/:\n
f H > | i
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f e A H
R = CHZ.CHZ.CHZ.COOCH3
(194) (193) (195)

Condensqtioz of the tricyclic enone (193) with‘(bromo methyl
butyrate b.p. 186-187° in boiling xylene in the presence of sodium
hydride pave the unchanged starting naterial. Although t-butoxide
in t-butanol efiected condensation, this took placce at the wrong
ceantre and in the presence of gquite a large cxcess of bromo ester.

\
The I.R. spectrunm of the yellow substance m.p. 100° had ¥ max. 1625,
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1666, 1725 cu™L and no V-~OH and it absorbed at 242 m)) in the U.V,
The starting material also absorbed at 242 m¥, The substance was
presuiiably compound (194), In an endeavour to force alkylation

to go at C—S; condensation was attcupted on the benzoate of the
substrate. Yot thore was no reaction., The most plausible rcason
is that the bromoester probably cycliscd back to % ~butyrolactone
before it had time to reaci with the alkali salt of the enone.

The next phose of the work was the preparation of 1,2,3,#,5;
6,7,9,10,110,12,13 dodecahydro-12-uethyl-2p~hydroxy~7-oxophenan=-
threne (147). The unsubstituted bonzene ring of 2-naphthol was
sclectively hydrogenated at high pressure over ncutral Paney
nickel catalyst in methanol-and the resulting tetrahydronaphthol
nethylated with dimethyl sulphate to give in overall 54% yield
5,647 8=tctrahydro-2-nethoxy naphthalene (141) as a colourlcss
liguid. It must be pointed out that complete reduction of the
2-naphthol to the 2~tetralol (i,e. until hydrogen uptcke completely
cecased) was necessary to avoid complication at the isolation .tage;
Introduction of an oxypgen function to the C=5 benzene - activated
vosition of the methoxy tetralin was accomplished by oxidizing it
with chromic acid to give a 46% yicld of 6-methoxy-l-tetralone
(142). Here, too, isolation of the product was sonetimes very

tedious due to bad temperature control during the addition stage
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of chronic acid solution to the substrate, Reaction of methyl
nagnesiun bromide with the tetralons afforded in 90% yield 1~
nethyl=3,4-dihydro~6-nethoxy naphthalenc (143). For the oxidation
of a large amount of the dihydro naphthalene, a loarge quantity of

a suitable peracid was required, Although perbenzoic acid77 was
used for similar oxidations described carlier in this account, the
yicld of about 28% usually obtained ir its preparation did not
encourage its use for a lorge scalcs operation. Monoperphthalic
acid was found as a suitoble alternmative since it could be obtained
in a yield as high as 90% by a procedure outlined in Vogel's
Practical Organic Chcnistry82 and modified by Professor D.A.H
Taylor, If strict conditions for the experirent were not adhered
to a very low yield was obtained in the oxidation., When exactly
one equivalent or a little less than one equivalent of perphthalic
acid was added at a low tcuperature to the dihydronaphthalenc,
coupletely frce from its precursor 6-methoxy-l-tctralone, a yield
of 50% of 6-mcthoxy-l-nethyl-2-tetralone was obtained., 6-Methoxy-
l-nethyl-2-naphthol was isolated as a by~product in the reaction,

a rosult consistent with the cxperience of Howell aadd Taylor59 on

the oxidation of same compound,.
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A reasonable mechanisn for the oxidative formation of the phenol

from the dihydro compound is irdicated by structures (196)-(198).

Tlobinson ring ecxteusion of 6-nethoxy-l~methyl-2-totralone by nmcans

of nethyl vinyl ketone afforded in 50% yield 7-methoxy-l2-methyl-

2,%,4,8,10,12-hexahydro-2-oxophenathrene (145)., Complete reduction

of the enone in liquid ammonia to the dihydro ether (146) could not

be achieved even with 28 equivalernts of lithium in the presence of
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n-propanol, However, it was possible to isolate in pure form 509
yield of the product as agninst 74% yield reported in the litera-
tureug; Conplete mild hydrolysis of the dienol ether with oxalic
acid was not accomplished after 2 hrs. A rcaction time of seven
hours was necessary for complete hydrolysis of the ether to the

B¥-unsaturated keto-alcohol (199) m.p. 93-95°, A max. 228 my;
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Monoalkylation of B¥. unsaturated ketone with sinultaneous
double boand isomerization lhad been achieved in the course of

studies on structure of Cassaic ac:.d83 and other related work

The vrocedurc applied to the alkylation of the benzoate (200) with

ﬁ-bromo methyl butyrate in the presence of potassium t-butoxide

in t-butanol gave back the starting material A max. 228 nmiw

5-Bromo-2-pentanone, prepared by the action of aqueous hydrobromic
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acid on a-acetobutyro lactone according to the procedure outlined
for the preparation of 5-chloro-2-pentanonc in Organic Syntheses85
was converted to the ethylene ketal by the usual procedure, The
brono ketal reported crystalline in the 1itorature86 was obtained
as an oil in fairly good yield, the by.product being presunably
acetyl trimethylene. It was deketalized when passed through a
column, It however gave fairly good elemcntal analysis for C, H
and Br. Alkylation of the non-conjugatecé keto benzoate (200) with
the bromoketal in the presence of potassiun t-butoxide in t=-
butanol yielded a mixture which absorbed at 225 mxé Certainly
there was no reaction., The dienol ether in acetone was completely
converted in 85% yield by hydrochloric acid hydrolysis to the af-
unsaturated Letone (147) m.p. 123-124°, % nax. 1616, 1666 and

3400 en™t,  Amax. 242 av (&,17,000), The spectral properties
were in agreement with those reported in the litcrature;hg Attenpt
to alkylate its benzoate (147b) (n.p. 177-179°) with bromo methyl
butyrate failed as before, Althouh some Japanese workcral"8
effected condensation hetween the beuzoate and 2,2-ethylene

diocxy=5 Bromo—pentan-Z—one iz boiling xylene containing sodium
hydride, attenpt to repeat this also failed., This nmight be due

to the poor quality of the sodiunm hydride. Ianverse acddition of

the benzoate to a boiling xylene solution of sodium hydride and
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the bromo ketal gave a mixturc which after allkaline hydrolysis

absorbed at 210 ny and 250 1 i and contained some of the right

stuff. iMen, on the other hand the alkylation was carTidy

= 3

out

in t-butanol in the presence of cxcess potassiun t-butoxide the

nroduct, after clinline hydrolysis, absorbed ot 213 MW and 225 mjt

This indicated dialkylation of the cuoue to give a product of the

type (201).
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A very clean mono alkylation product (148) pmax, 250 niwas
however obtained when an cxcess of the bromo lketal was used in the
presence of an exactly OIlE equivalent of potassium t-butoxide in
t=-butanol, followed by alitaline hydrolysis of the condensation
product;

Attempt to reduce by catalytic hydrogenation the ap-unsatu=-
rated ketone (148) to the fully saturated keto alcohel (149) over
palladised charcoal or palladium-on-calcium carbonate resulted in
extensive 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,
concentrated hydrochloric acid involved in its preparation might
not be completely removed. That dekctalization had occurred Was
evident from the fact that the I.k. sBpectrum of the product from
the reaction of methyl mangnesiun bromide with the hydrogenated

3

naterial followed by hydrolysis showed no carbonyl absorption.
Reduction by necans of lithium in liquid amuonia in the presence

of ammonium chloride though effective, led to a mixture of the
reduced product and the starting material without deketalization;
The mizture was not separated but was reacted with niethyl magnesium

bronide, After acid hydrolysis the I.X. spectrum of the mixture

indicated a strong saturated carbonyl absorption. Among the
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possible products that could be present in the mixture are
substances (202), (203) and (150). Important signals in the I.M.E,.
spectrun of the mixture occurred at 6,047 (CE OH), at 6,961,

(CH, CO CEy-) at 7.hok Y (gg3-gL), at 8.5 T (CH,-C-0H) and at

8,96 T (CHz~C-).

)\/\/ I;I on/\"

H-. o .
(202) (203) ,-(&90?,

If substance (203) was a conponent of the mixture, then an

absorption due to C-6 olefinic hydrogen should be preseut at ) T
The signal was conspicuously absent. The mixture was acetylated

with boiling ncctic anhydride. The IR, spectrua showed a strong
acetate carbonyl absorption and no hydroxyl band, hence the mixture |
did not contain the tertiary alcohol (202). Any olefin in the l
mixture resulting from the action of methyl nmagunesium bromide on

the fully saturated lcetone (1L49) should thercefore be the olefin (150)]
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After acetylating with boiling acetic anhydride,the nixture in
othyl acetate was trented with ozone at - 61° in a bath of
chloroforn in liguid air and the ozonide reduced immediately by
shaling the solution with acetic acid and zinc powders The
mixture which should contain the triketone (151) was refluxed

with nethanolic 2i7 sodium hydroxide. After careful chromatography,
10 ng, of an oil which had low intensity U.V. absorptions at

225 myl, 255 n)\ and 310 nWwas obtained.  The U.V. data were
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in fair agrecment with structure (152). Better agreement would
certainly be achieved if this was crystalline, The oil did not
crystallize, which was not unusual with C-nor-D-homs ring systens.
In fact Kawahara and Mitsuhashi69 had recently concluded from their
experience on thc synthesis of C-nor-D-homo epiandrosteronc that
the C-nor-D-homo steroid systens proved to be generally nmore
difficult to obtain crystalline than the normal steroid deriva-
tives. The cil was however, not sufficient for further

purification by physical nethods.
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LDXPERIHMITAL

Melting points were deternined by neons of soft-glass
capillary tubing unless otherwise stated. I.E. and U.V, spectra
were recorded on a Perkin Elmer model 13%7 and U.V. measurcnents
were taken in mothanol solutions. ITJHM.R. spectra were recorded
on a Varian A56/60 spectroucter., In all cases deutcro-chloroforn
was the solvent. Act. alumina type H of act., 1 = 11 was used and
was sometimes deactivated by 5% its weight of a 10% ag. solution

of acetic acid.

2;? Dimethoxy naphthalene:s 2,7 dihydroxy naphthalenc was methylated
L9

according to the procedure of Cornforth and Robinson ~ used for

the nethylation of 1,64dihydroxy naphthalene: 2,7 dihydroxy
naphthalene (200 g3 1.25 mole) was dissolved in 2i7 sodium hydroxide
(1120 c.c.) in a one-necked 5-litre flask and dimethyl sulphate
(250 mlj 2.7 mole) added at once, The mixture was shaken and
prevented from actually boiling by immersion in an ice~bath until
reaction had subsided. 2i7 sodium hydroxide (560 c.c.) and then
dimethyl sulphate (125 ml; 1.3 mole) were then added, When the
second reaction slackened excess of dimethyl sulphate was destroyed

by warnming with frequent shaking for half an hour on a water-bath,

The warm licuid was acidified with coac. hydrochloric acid and was



extracted with chloroform. The chloroformic extract was washed
with 2i7 sodiunm hydroxide and then evaporated., The crude dimethoxy
compound (220 g; 93.6%) crystallized from methylated spirit as

plates m,p. 139°, Titerature value 139°,

7-Methoxy-2-tetralone: 2,7 dimethoxy naphthalene was reduced
51

according to the modified izethod of Cornforth and Robinson
outlined in Org. Syn. for 2-tetralone: 2,7 dimethoxy naphthalene
(220 g; 1.17 mole) was dissolved in 95% ethanol (1900 c.c.) in a
5=litre three-necked flask fitted with a mechanical stirrer, a
double-surface condenser, and a Y-shapped adaptor to allow for

the introduction of both sodium and nitrogen. The apparatus was
flushed thoroughly with nitrogen and its flow reduced as soon as
the solution began to boil., The sodiun (190 gj 6;3 g. atoms) was
added in small portions. More ethanol (400 c.c.) was added as s00:
as the liquid became viscous and the addition of sodium 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 was mived with more water (300 c.c.) and the lower
aqueous layer was sepavated 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 (20 c.c.) was



added and the liquid kept on a water-bath for 70 minutes. The
lower oily layer was diluted with water (1 litre), 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 cold solution of sodium metabisul-
phite (250 gm.) in water (500 ml,) until crystals began to appear.
Next day, the mass was triturated with ether, the solid was

collected and washed with ether until almest 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 sclution was extracted with
chloroformj 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 o0il redistilled under reduced pressure. The oil
distilled between 130-140%/5 mm. to give 66 gm. (25.6%) of 2=

methoxy-2~tetralore, V max, 1760 cm-l (strong carbonyl). B.W,

Horrom and I, Zauggs7 reported b,.p. 123-125f(h ma), G.B. Diammond
47

and I.D, Soffer88 reported same, M, Kuehne ' reported a yield of

65% bepe 130-140 (0,3 mm),

Identification of the non-ketonic portion., Thin plate chromato=~

graphy of the oil revealed three spots, two of which had R.F, values



corresponding to 7-methoxy-f~tetralone and 2;7 dimethoxy naphthalene;
The mixture was then passed through a coluan 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.

7P-Methoxy~l-nethyl-2-tetralone. 7-Methoxy-2-tetralone was methy-
47

lated by a modified procedure of M, Kuehne ‘. Butane gas (purified

by first passing it through conc. sulphuric acid) was passed
through a sclution of 7-methoxy-2~tetralone (14 gn; 0,079 mole) in
dry benzene (150 c.c.) in a 500 c.c. two-necked flask. Then
pyrrolidine (7 guj; 0,099 mole) was added and while still in an
atmosphere of butane the mixturc was refluxed with a water-
separator for 3 hours on a water-bath, After concentration in
vacuo, the residual oil in methanol (100 nl.) was treated with
methyliodide (14 c.c.) while cooling. The mixture was then
refluxed on a water-bath for 2 hrs., 20 c.c. of 5% solution of coﬂ.
sulphuric acid in water was added and thc nmixture refluxed for
further 12 hrs. on the water-bath, The mixture was diluted with
water, the oil which separated was removed and the agqueous mother-
liguor extracted with chloroform, Both the oil and the chloroformic
extracts were united, washed ncutral with water, dried over

anhydrous magnesium sulphate and the organic solveant removed.



Redistillation in vacuo gave 7-methoxy-1-methyl-2-tetralone,

(12.1 gm; 80%) as light yellow oil, b.p. 160-170°/15 mm. Reported
b.p. 123-4° (0.25 mm.) in 91% yield. This has also been obtained

by the perbenzoic acid oxidation of 7-methoxy-1-methyl=3,4-dihydro

naphthalene59.

1~Tetralone was prepared by the procedure essentially that

of Truce and Olson modified by C.E. Olson and A.R. Bader57. A 31
three-necked flask was fitted with a mercury-sealed stirrer, an
efficient condenser capved 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 (104 g.; 1.21 mole) were placed in the threc-
litre flask. Anhydrous aluminium chloride (600 g; 4.5 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 16 hrs. It was then codoled to room temperature and
poured onto 3 Kg. of crushed ice drenched with 500 c.c. of conc.

hydrochloric acid. The lower aqueous layer was separated and

extracted with about 500 ml, of toluene. The brown organic upper



layer and the tolucne extract were combined, washed successively
with water, 20% potassium hydroxide solution and water and
distilled under reduced pressure to remove benzene, toluene and
traces of water, Distillation of the residue in a Claisen flask

yielded l-tetralone (160 g.; 91%), b.p. 143-1%45°/20 mn. ¥ max.

1760 em™t (co), Reported yield 91-96% b.p. 75-85%/0.3 mm.

Semicarbazone (m.p. 216-217°) was quantitative.

1-Methyl~%:4-dihydro naphthalene; A dry five-litre three-necled

flask was equipped with a dry stirrer, a condenser and a 250 ml,
separatory funnel., ZDoth the double-surface condenser and thé
separatory funnel carried tubes of absorbent cotton wool. 1In the
flask magnesium, (22 gm; 0.92 mole) covered with ether (40O ml.)
was placed, and nethyl iodide (60 ml.) was added. The reaction
started spontaneously and was complete when all the magnesium had
reacted, It was then refluxed for fifteen . nore minutes. 1-Tetraloue
(84 gm.; 0,58 mole) in ether (500 ul.) was added slowly with
stirring. After stirring for one ;our on a water-bath, saturated
ammonium chloride solution (120 ga. in 240 ml. of water) was added
to the cooled nixture, The ethereal layer was separated and
evaporated after dryings over anhydrous magnesium sulphate. The

oil solidified on cooling to give l-methyl-1l,2,3,4-tetrahydro-l-
89

naphthol m.p. 89° ¥ nmax. (chloroform) 3400 cm-1 (OH). Reported



m.p. 88-89°, TFused 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 room temperature and
separating the hydrated potassium hydrogen sulphate the water-
potassiun bisulphate was extracted with ether and the oil and ether

extracts were united and dried., After evaporating the ether, the

residue was fractionated Ii¥ VACUC to give l-methyl-3:4-dihydronaph

o 4
thalene b.p. 847/5 mm: n%1 1.5761. Reported b.p. 84°/5 mm.
1-Methyl-2-tetralone Method A, This was prepared by the method

of Howell and Taylorsg; 1-Methyl=-:%: 4=dihydro naphthalene (130 g;

0.90 mole) was added slowly with shaking to perbenzoic acid

(130 g3 0.94 mole) in acetone (I litre) at 0°C. After 12 hrs. ths
solvent was evaporated and ether added. The solution was washed
until neutral and the ether cvaporated. The residue was then
refluxed for 4 hrs. with methanol (800 ml.), conc. sulphuric acid
(100 ml.), and water (600 ml,). The mixture was cooled, extracted
with ether, the ether washed neutral with water and the organic

solvent evaporated. l-Methyl-2-tetralone (100 g; 69.2%) was

0/ : 20 % ) ;
collccted at 168°/30 mm, and had ny 1.5568. Semicarbazone'm.p.

191°¢ (Foundj C, 81,603 H, 7.42% C 0 requires C, 82.46 H, 7.55%)

e
‘¥ max, 1725 om™+ (co). Teported b.p. 128°/14 mm, n%o 1,5568;

semicarbazone m,p. 187-189.




Method B.

Methyl-B~navhthyl ether was reduced by means of sodium in
boiling 95% ethanol to 2-tetralone as outlined in Organic Syntheses.
2-Tetralone (70 gm; 0.48 mole) was refluxed in benzene (200 ml.)
with pyrrolidine (40 gm; 0.56 mole) with azeotropic removal of

water for 3 hrs. Concentration in vacuo gave enamnine of 2-tetralone

n.,p. 80°., The enamine in methanol (500 c.c.) was refluxed for

2 hrs. with methyl 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 chloroforn and the chloroformic extracts
washed neutral and dried over anhydrous magnesiun sulphate. After
evaporation of the organic solvent the residue was distilled in
vacuo b.p. 168°/320 mn., Semicarbazone had m.p. 191° same as for

gemicarbazone of l-methyl-2 tetralonc prepared by method A,

2:3:4:9:10: 12-Hexahydro~-12-nethyl-2-oxo~phcnanthrene.
L7

This was prepared by a modified nmethod of Kuehne ', 1l-Methyl-

2-tetralone (20 g; 0.13 mole) was dissolved in methanol (200 ml,)
in a three-necked 500 ml, flask equipped with a stirrer, a condenser
carrying a separatory funnel and a gas-lead, Butane gas purified
with conc. sulphuric acid was passed through the flask which was

immersed in a cold-bath. Vhen the temperature of the solution head
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fallen to 0°C, potassium hydroxide (8.5 g; 0.15 mole) in water

(15 ml.) was added to the solution by removing the gas-lead for a
short while. The well-stirred solution was cooled to - 200, and
then methyl vinyl lketome (8.75 g; 0.125 mole) in methanol (10 ml.)
was added dropwise over one hour. It was stirred for a further
one hour, The system was dismembered and two of the three necks
of the flask securely stoppercd. The third neck was fitted with
an adaptor carrying a clipped rubber-tubing containing a tiny hole;
The reaction was then left overnight. Butane gas was again passed
through the solution which was refluxed on a water~bath for 3 hrs,
The three necks of the flask were corked while hot, and the flask
was cooled in ice-water. The cold contents of the flask were
quickly poured onto crushed ice containing conc. hydrochloric acid
(12.8 nl; d. 1.18)s The solution was extracted with chloroform,

the chloroformic extracts were washed with water anc¢ drieé over
anhydrous magnesium sulphate and the organic solvent renoved. The
residue was redistilled in vacuo. Fraction b.p. 150-168°/30 mm.
was l-methyl-2-tetralonc. Fraction b.p. 168-210°/30 mm. was the
required phenanthrone. The viscous oil was diluted with 1l:1 benzene-
pet. ether and filtered through a short column of activated alumina,
The solvent was renoved and the oil crystallized from pet, ether

(40-60), m.p. 89-90°. (Found: C, 84,84; H, 7.61 Cs Hyg O



requires C, 84.87; H, 7.60) Y mex. (Nujol) 1666 cm™t, 1634 om~ L
Amax. 211 mM € 14330). Rmax, 235 m¥ (€ 19442). Teported m.p. 90°%;

2:%: 4:9:103 12-Hexahydro-6-mncthoxy-12-methyl-2~oxophenanthrene.

7-lethoxy-l-methyl-2-tetralons (20 gm., 0,105 mole) in methanol
(200 ml,) was condensed with =methyl vinyl ketone (8 gm; 0,105 mole)
in methanol (40 ml.) in the presence of potassiwt hydroxide (8 gm;
0.143 mole) in water (16 ml.) using the procedure for 2:3:4:9:10:
12-hexahydro~l2-methyl-2~-oxophenanthrene outlined above, Fraction
b.p. 160-180°/30 mm, was mainly 7-methoxy-l-nethyl-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
colunn of activated alumina, The benzene was removed and the
residval oil treated with ether-pet. ether to give 10 gm. of yellow
crystals m.p. 630; The yield was 52.3% taking into account the
recovered starting naterial. (Found: C, 79.253; I, 7.25.

Gl g0, Tequires C, 79.31; H, 7.49). ¥ max. 1575 cn™t, 1616 cm™t
1670 em~t Amax, 205 nW (€ 12,540) Amax. 228.5 ny) (€ 18,670).
Howell and Taylor?? reported m.p. 63°, yield 50% K. Laman and

P, RaOgo reported a yield of 629 (oil) and M. Kuehneu7

reported
feDos 78.5-79° (ethanol) and a yield of 71%. Ian one run, the
uncyclised intermediate adduct m.p. 92° ( ¥max. 1750 cm-l, 3570 cm-l)

was isolated and cyclised to the phenanthrone m.p. 63°,
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1:2:3:4:9:10:11:12; Octahydro-G-methoxy-la-metgyl-z-oxqphenanthrene.

2:3:4:9:10:12 hexahydro-6-ae%hoxy-12-methyl-Z-oxophenanthrene
(10 gm; 0.041 mole) in tetrahydro furan (200 nl,) was added to
liquid ammonia (400 ml.) containing lithiwa (1 gm; 0,142 mole).
After five minutes, ammonium chloride (16 gj; 0,301 mole) was added;
Water and ether were 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 plates (7.8 gm; 78%) m.p. 130°. Literature valueli'?’)9 mep

129.52130°%; (34%).

Trans=2B~hydrozy=1:2:%:4:9:10:11:12 octahydro=6=methoxy-12-methyl
phenanthrene.,

1:2:%:4:9:10:11:12 octahydro~6-methoxy=-1l2-nethyl-2-oxophenan-
threne (3 gm; 0,012 nole) was dissolved in T.H.F., (tetrahydrofuran)
(10 ml,) and added to methanol (50 ml.). Sodium borohydride
(0.75 gm.; 0.02 mole) in 2i7 sodiuva hydroxide (1 ml.) and diluted
with water (8 c.c.) was added dropnwime 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
continued for U5 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 evaporated. The alcohol was obtained as a colourless oil.
This did not crystallise and was probably a mixture of the 2B and
2-a isomeric alcohols.

Lithium~-liguid ammonia-alcohol reduction of Trans-2B-hydroxy-l:
2:3:4:9:10:11:12 octahydro-b-methoxy~12-methylphenanthrene.

The alcohol (2.5 g; 0.01 mole) in ether (100 ml.) was added
to liquid ammonia (300 ml,) containing lithium (0.5 g; 0.07 mole).
Methanol was added dropwise until the blus colour was discharged.
More lithium (0.5g x 3) was added and the colour discharged with
methanol, The solvent was allowed to evaporate, the residue
diluted with water and extracted with chloroforn, to give the
corresponding dienol ether.

(a) The dienol ether (17.9 gm; 0.072 mole) suspended in methanol
(100 ml.) was treated with a solution of oxalic acid (4 gmj; 0.037 n
in water (5 ml.); The mixture was left at room temperature for

2 hrs, diluted with water and extracted with ether. The ethereal
layer was washed with water and cvaporated, The oil mostly trans-

2B~hydroxy-1:2:3:4:5:6:7:8:9:10:11:12;: dodecahydro~-12-methyl-6-oxo~

phenanthrene did not crystallise though it showed strong hydroxy and

carbonyl absorptions Ymax. 1710 cm™ T (non. conj. co)j 3430 et

(hydroxyl).
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(b) The dienol ether (2.5 gm; 0.01 mole) was rcfluxed for 3 hrs.
with ethanol (150 ml.), water (25 ml.) and conc. hydrochlorie

acid (25 ml.). It was diluted with water, extracted with chloro-
form and the chloroformic extracts 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 pyridiae with benzoyl chloride. The benzoate

(m.p. 140°-142°) which did not form a D.il.P, was trans-28-Benzoloxy:

1:2:%:4:7:8:9:10:11:12:1%: 1h~dedecahydro~-12-methylphenanthrene.

1 1587 cw™L, (1634 cm™t and 1725 cm .

Ymax. (Fujol) 720 cm~

1:2:3:4:9:10:11:12 Octahydro-6~hydroxy~-l2-methyl-2-oxophenanthrene

1:2:3%:4:9:10:11:12 octahydro-6~methoxy-1l2-methyl-2~oxophenan-
threne (1 gm; 0.004 mole) in acetic acid (20 ml.) and 4 ml, 55%
hydriodic acid (previously refluxed over red phosphorous) were
refluxed for 2 hrs. by direct neating, ZEther and water were added
and the ether layer washed with aqucous solution of sodium metabi-
sulphite and then with water. The etherecal 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. 1’7’+o
and went brown with a drop of ferric chloride solution ¥ max.

(iflujol) 1700 cm‘l, and 3400 cm™L,
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Sodiun-borohydride reduction of 12213:4:9:10:11:12-octahydro-6-

hydroxy=-12 methyl-2-oxophenanthrene.

Sodium borohydride (0.1 gm; 0.02 mole) was dissolved in 2i7
sodiun hydroxide (1 ml.) and the solution diluted with water (1 ml),
The pherolic ketone (1 gm; 0.004 mole) was dissolved in tetrahydro
furan (10 ml,) and the solution diluted with methanol (10 ml).

The resulting solution was cooled below 0% 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 magresium sulphate. After evaporating the ether, the
residue was crystallized from a mixture of ether and cyclohexane.
Productihad m.p. 108-118° and wae probably a mixture of the
epimeric alcohols. The mixture was acetylated by refluxing it
with glacial acetic acid (10 ml.) for 4 hrs. TUxcess acetic acid
was removed in vacuo. The residue was crystallised from cyclohexane

and then from agucous ethanol, to give 6-hydroxy-2-acetoxy-12

methyl~l:2:%:4:9:10:11:12~-0ctahydro phenanthrene as an amorphous
solid m.n. 144-146° ¥ nax, (iTujol) 1700 cm-l and 3400 cm-l.
(Found: C, 74.32%3; H, 7.65. Cl,?HZaO3 requires C, 74.42%; H, 8.08%).

The methanolic solution of the product went trown with a drop of
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ferric chloride solution

1:2:3:4:62:7:8:9:10:11 o:12:140-Dodecahydro~28 hydroxy=-l2-methyl-

6-oxophenanthrene.

Lithium (4 gm; 0.57 atom.) was dissolved in liguid ammonia
(1 litre). After five ninutes, 2:3:4:9:10:12~-hexahydro-6-methoxy-
l2-methyl-2~oxophenanthrene (5 gmj; 0,021 mole) in purified tetra-
hydro furan (200 nl,) was added to the lithium solution. After
another five winutes n-propanol was added dropwise until the blue
colour was discharged (about 75 ml.), This was followed by an
addition of lithium (3 gm) and then n-propanol, The process was
repeated until in 211 10 gm., of lithium had been added. The armonia
was allowed to evaporate and the residue diluted with water, was
extracted with chloroform. The chloroformic extracts were washed
with water, aand dried over anhydrous magnesiuwa sulphate. The
solvent was removed to give the correcsponding crude dienol ether asg
a viscous o0il. The oil in methanol (150 ml.) was treated with conc,
hydrochloric acid (25 ml.) and water (25 ml.) and was refluxed for
% hrs. The reaction mnixture was diluted with water and izolated
with chlorofor:s., The olil was passed through a column of deactivated
alwiina, Pet=ether, pet. ether -~ benzenc, and benzene cluted non-

ketonic fractions. Benmene containing 30% and 50% diethyl ether
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eluted 1:2:3:L:6:7:8:9:10:11 a:12:14B dodecahydro-28 hydroxy-12-

nethyl-6-oxophenonthrene. m.p. 118-120° (diethyl-ether). The

yield was 1.5 gn. (31%). (Found: C, 76.78, H, 9.65 C,.H,.0,

requires C, 76.88: M, 9.46). »} max. (chloroform) 1610 cm-l;

1666 cm™t (conj. carbonyl) and 3430 en™t (hydroxy) N max, 238 n¥
(€ 17,160)., The benzoate m.p. 174° had “Jmax, (imjol) 717 cmnl,
1616 om™L 1666 cm™L and 1725 om™t., Howell and Taylor-! used

sodiunm instead of lithiwm used here an@ methanol instend of

n-propanol., Feported m.p. 118-120° (15%) .

Catalytic hydrosenation of 1:2:3:4:6:7:8:9:10:11 «:12:148 dodeca-

(5B,

gxgro—aﬁ-hydroxy-lz—methyl—6-oxqphenanthrene.

37

The procedure followed was that of liowells and Taylor”’.,
The unsaturated ketone (0.5 g3 0.002 mole) in purified ethanol
(20 ml,) was placed in a hydropgenation flask and shoken up with
hydrogen in the presence of pnlladium-on-calcium carboante catalyst
(C.25 g.) mtil the hrdrozen up-take completely ceased. The
solution was filtered from the catalyst and the ethanol completely
removed in vacuo. The oil crystallised slowly from dry diethyl
ether to give the fully saturated keto alcohol (0.3 gnj 60%) as
colourless prisms m,p. 98-102°, (Found: C, 76,18, H, 10.42

615H2492 requires C, 76.,3; H, 10.2).
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Literature value m.p. 98-102°, Instead of palladium-on-calcium
carbonate palladium-on-carbon was also used. Hydrogenation

proceeded smoothly but the product did not crystallize,

Trans-anti-trans-7-Furfurylidene Perhydro-2-hydroxy-6-oxophenanthrene.

D

This was prepared by the method of Howells ané Taylor”', The

fully satuvated hydroxy phenanthrome, (120 ng; 0.0005 mole) was
kept overnight under nitrogen with furfuraldehyde (100 mgj; 0.001
mole) in the presence of 33% sodiwr hydroxide (2.0 ml,). The
nizture was diluted with water and extracted with chloroform., The
chlorofornic extracts were woshed with water, and dried over
anhydrous magnesium sulphate. The chloroformic solution was
filtered through a short coluian of activated alwiina. The solvent
was evaporated when yellow solid m,p. 196-198° was left behind.
The product crystallized from methanol to give 120 mg. (75.8%) of

trons-anti-trans-7-furfurylidene perhydro-2=hydroxy-6-oxophenan-

threne m.p. 204°, Titerature value 197-207° (Found: C, 76.25;
H, 8.43. CZOH2603 requires C, 76.4; H, 8.3) % nax. (imjol)
749 cm-l, 1584 o 1666 cm-l, 3570 ot N e (methanol) 324 mu

(€ 24,220).
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6B-Acetoxy~1832x-di(nethoxy carbonyl methyl)-98-methyl-trans decalin

Trangs-anti-trans-7-Ffurfurylidene perhydro-2-hydroxy-6-
oxophenanthrene (6 gm; 0,019 m,) in pyridine (50 ml.) was treated
with acetic anhydride (7 mlj; 0,07 mole) and allowed to stand for
2 days. The solution was diluted with water and tThe product

isolated with chloroform to give the acetate of the furfurylidene

derivative m.p. 154<156° ¥ max. (Wujol) 780 ow’—, 158k ot =
1666 cm-l, 1725 cm-l. (Found: C, 73%.943; H, 7.63 022H2804 requires
G, 7413, B, 7.92)

(a) Attempted allkaline hydrogen peroxide oxidatiocn of the acetate

of the furiurylidene derivative.

ilitrogen was passed through a solution of 0.2 gm. (.0005 mole)
of the furfurylidenc ketone acetate in 20 ml., of ethanol. Then
20 ml. of a solution of sodiun (6 gm; 0.26 at) in ethanol (170 ml.)
was added followed by 30% hydrogen peroxide (4 nl.). The thick
paste was stirred uatil homogeneous and apain 20 nl. of the
ethoxide solution was ndded followed by 10 wul, of 30% hydrogen
peroxide solution and the paste was again stirred until homogeneous;
The mixture was stirred overnipght, concentrated in vacuo at 50° on
a water~bath, and the residue diluted with water. The alkaline

solution after beins washed with chloroform was acidified with dil.

sulphuric acid and extracted with chlorceform,
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The chlorofornic extract was washed with water, and dried over
anhydrous magnesiuwa sulphate. The solvent was removed to give a
residue whose infra red spectrui was identicnl with the hydroxy
furfurylidenc ketone. i.e. hydrolysed starting material.

(b) Ozonolysis of the furfurylidene ketone acetate.

The furfurylidene lketone acetate (200 mg.j; .0005 mole) in
methylene chloride (4O ml.) was treated with ozone at -70° in a
bath of acetone-solid carbon dioxide, until a persistent blue
colouvration was obtained. It was then ozonised for further one
hour; and allowed to stand at room temperature until the blue
colour was discharred. The solvent was completely removed and to
the residue was added glacial acetic acid (20 ml,), water (5 ml,)
and 30% hydrogen peroxide (2 ml.), The vessel was then corked and
allowed to stand overnisht. The solution was diluted with water
and then extracted with ether. The ether extract was washed free
of acetic acid with water and extracted with 40 ml. of 10% aqueous
votassium carbonate., The alksline solution was washed twice with
little ethyl acetate and acidified with dil. hydrochloric acid,
The product was taken up in chloroform, the extract washed with water
and dried over anhydrous magnesium sulphate. The residue after
evaporating the organic solvent crystallized from a little ether

to pive 133 mg. (71%) of the acetate diacid m.p. 200°. The acetate
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diacid (133 mg; 0004 mm) in mothanol was treated with distilled
diazo-methane and the solution allowed to stand for 20 mins and
then concentrated when 132 mg; (92%) of colourless crystal of the

acetate dimethyl ester m.p; 1030 was obtained., The infra-red

gpectrum of this ester was completely identical with that of an
authentic specimen kindly supplied by Professor D.,AHE. Taylor.

(Found: C, 64,54; H, 8.50 Og requires C, 64.,33; H, 8.53).

019H30
Literature37 MaDe 1030; The Il.1i.R, spectrum showed significant
absorptions at 9.2% for 3 protons as a singlet (C-9 methyl), at
7.5 7 for 3 protons as a singlet (C-6 acetate methyl), at 5,547
for 6 protons as a singlet (two O-methyl) and at 4,6-4 T for 1

proton as a multiplet (C-6 hydrogen).

6B Hydroxy=1B:2a~diacetic acid-9g-methyl-trans decalin.

The preceeding acetate diester (200 mg.; ,0005 m) in methanol
(20 ml,) was treated with potassium hydroxide (200 mgj .0035 m) in
water (0,5 ml.,) and the mixture refluxed for two hours. The alcohol
was removed under reduced nressure., The residue was diluted with
water, acidifisd with dil., hydrochloric acid, saturated with sodium
chloride ard the resulting mixture extracted with ether. After
evaporating the solvent the residue crystallized from a little

ether to give 6B-hydroxy-lf:2a=-diacetic acid-9B-methyl-trans decalin

m.p. 224° in quantitative yield.



6B-Acetoxy-18,2a~(cyclopentan~3 -one)=-9 methyl-trans decalin.
Potassiun (0.5 g3 0,013 atom) was dissolved in t-butanol

(redistilled over calcium hydride at ordinary pressure) and

excess alcohol renoved under reduced pressure, The solid t-butoxide

was covered¢ with benzene and the benzene removed at ordinary pressure.

Addition with consequent removal of benzene was repcated three timee,

The alcohol-free pctassium salt was then covered with dry benzene

(40 ml,) and the flask equipped with a hot and dry condenser

carrying a cotton-wool tube. The solution in an atmosphere of

nitrogen was heated under reflux in an oil-bath maintained at 100%.

Then, the preceeding acetate dimethyl ester, (0.5 g3 0.0014 mole)

in dry benzene (10 ml,) was added through the condenser to the

boiling solution, and the reflux continued for L4 hrs. with occasional

shaking of the flask, It was cooled, acidified with con. sulphuric

acid (1 c.c.) in water (25 ml.). The orcanic layer was separated,

the aqueous layer extracted with ether nond the combined organic

solution was washed with water. The organic solveant was removed

to give the alcohol ketoester (0.35 gn; 76.9%) as a yellow viscous

oil ( Ymax., 1725 cm-l; 1760 cm™ and 3400 cm™Y). The B-keto ester
(0,35 gm; .00L m) in glacial acetic acid (20 ml.) was treated with
conc. hydrochloric acid (7 ml,) and water (2 ml.) and the solution

was refluxed for one hour over naked flame. The solution was



evaporated to dryness under reduced pressure at 40° on a water-
bath. To the oil in methanol (20 ml,) was added 5% sodium
hydroxide (15 ml.) and the solution was refluxed for a further one
hour. The alcohol was removed under reduced pressure, The residue
diluted with water was thoroughly extracted 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™* (co) and 3400 em™t (OH)). The oil in pyridine
was treated with acetic anhydride (0.5 ml.,) and the solution
allowed to stand overnight. The solvent was removed under reduced
pressure and the oil in ether was washed successively with 0,1i
sodium hydroxide, 2F hydrochloric acid and water. It was dried
over anhydrous iaagnesium sulphate and the solvent removed to give
an oil which solidified on cooling. m.p. 62—66°: The crude
pentanone~acetate was passed through a coluun of activated alumina
and the column 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, O.Zé. (69%) of

Qﬂ—Acetoxy-;p:2a-(gyclopentanf3(—one)-9 methyl~trans decalin. MePo

74° (Yield of 53%.7% based on acetate dimethyl ester).
(Found: C, 72.663 H, 9.15 C16H2493 requires C, 72.69; H, 9.15).

Y max. 1760 cm-l (for both CO pentanone and CO acetate). Alkaline
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hydrolysis of the acetate regenerated the pentanone-alcohol (4 max.

& (CO«-petanone) and 3400 cn T (OH)), The only important

1750 cm”
signals in the IT.M.,3. spectrum occurred at 8,97 for 3 protons as

a singlet (C-9 methyl) at 8,32-8,2 7 for 4 protons as a doublet

(2 methylene and Q’methylenc),at 7.517 for 3 protons as a singlet
(C-6 acetate methyl) and at h-4,577 for 1 proton as a multiplet

(C-6 hydrogen).

Formylation of 6B-Acetoxy-18:2a-cyclopentanone-98 methyl-trans decali

and related ketones viz: 6-methoxy l-tetralone and 5-methoxyhydrin- |

done=1 (prepared by methylating 5-indanol with dimethyl sulphate
followed by chromic anhydride oxidation of the ether),

A solution of sodium methoxide prepared from sodium (0.5 at)
and methanol was evaporated under diminished nressure to dryness.
It was finally heated in vacuo in an oil bath maintained at 160 -
1650; The solid after being cooled in an atmosphere of butane was
broken up and covered with dry benzene (160 ml), Then ethyl formate
(0.5 mole) was added and the miwture stirred under butane for omne
hour.  The mixture cooled in ice was treated with the ketone
(0.25 mole) in kenzene (100 ml.,) and stirring continued for two days.
(Five hours stirring was sufficient in the case of 5-methoxy-
hydrindone~l). The mixture was treated with ice-cold dil. sulphuric

acid and the aqueous layer was extracted with ether~benzene mixture,




The combined organic extracts 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 organié extract was

washed with water, dried and evaporated to give formyl derivature

of the pentanone acetate as a yellow oil (6L4%) or 2-hydroxy methy=-

lene-6-methoxy-Ll-tetralone (m.p. 62°) (93%) or 2-hydroxymethylene-5-

methoxy-l-hydrindone m.p. 128-138.5° (98%). They all inparted

characteristic colours to ferric chloride solution.

Alkylation of the preceeding formyl lketones.

The formyl ketone, (0401 mole) in methanol (60 ml,) was added
to a solution of sodiwa (0.75 gm, 033 at) in methanol (40 ml),
The resulting solution was treated with cthyl B~ehloro~ethyl ketone
(1.2 gn; .01 mole) in methanol (8 ml.) and the solution left at
room temperature overnight. It was refluzed for one hour on a
water-bath and cooled. The solution was added to crushed ice
containing conc. hydrochloric acid nnd the aqueous acidic mixture
was extracted with chloroform. The organic layer was washed with
water, dried and evaporated., IBach of the three formyl ketones
gave a yellow oil which did not crystallize; The oils all had
identical infra-red spectra viz. triplet absorptions around the

6-micron region,

%
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Direct alkylation of 6-8 methoxy-1B:2a cyclopentanone-12B-methyl

trans decalin.

The pentanone-acetate (264 mz; .00l mole) in absolute ethanol
(10 ml.) was added to a solution of sodium (25.% mg; 001 atom) in
absolute ethanol (1 ml.) and the mixture brought to reflux, Ithyl
8-chloro-ethyl ketone (120 mg; .00l m) in absolute ethanol (1.2 ml)
was aodded and the reflux continued. After one hour, more sodium
(50,6 mg; .002 atom) in absolute ethanol (2 ml,) was added and aftex
10 more minutes,; more ethyl P-chlorc-ethyl ketone (240 mgj; .002m)
was added and the nixtuwie refluxed for half an hour, The mixture
was cooled and worked up as above. The oil after being passed
through alumina crystallized from a mixture of ether and pet. ether
(40-60°) to give a substance m,p. 128-134° (decomp.) Amax. 251.5 um)|
(Found: C, 75.95; H, 8.85 019H2802 requires C, 79.12; H, 9;97);
The acetate after passing through alumina had m.p. (78~86°),
Amax. 248 mp (& 4,660) literature value for acetate @.p. 163-165°,

Amax. (247 mi) (€ 18,100).

2-llethyl-1,3%,cyclohexanc~dione.

71

The procedure outlined in Organic Syntheses was followed,
Resorcinol (110 gm., 1 mole) was suspended in a solution of sodium
hydroxide (48 gm; 1.2 mole) in water (168 ml,) in a hydrogenation

bomb, After Raney nickel (20 gn.) had been added, the mixture was

-




hydrogenated for six hours at an initial pressure of 85 atmos-
pheres and a set tempcrature of 450. After filtering off the
catalyst, the solution in a litre round-bottomed flask was treated
with conc. hydrochloric acid (16.8 ml.). Then dioxane (72 ml.)
and iodo-methane (168 gm) were added and the mixture refluxed
overnight over a henting - mantle. The mixture was cooled in an
ice-bath for four hours, crystals were collected in a sinstered
glass funnel and were washed with cold water until the washings
were almost colourless. The product crystallized from methylated
spirit to give slightly yellow crystals m,.Dp. 207—210° (dec.).

Literature value m.p. 206-208° (dec,).

1,2,3,4,6,7,8,8a, Octakydro-8a-methyl 1,6,naphthalencdione.
72

The procedure in Org. Syntheses was followed. A mixture of
2-methyl-l ,3-cyclohexane-dione (21 g; .16 mole), methyl vinyl
ketone (17,5g8.3 0.25 mole), potassium hydroxide (about 0.08g;

1 pellet), and 250 ml. of methyl alcohol (dried over calcium
hydride) were reflurced in a 500 ml. round-bottomed flask fitted
with a reflux condenser and a cotton-wool tube. The mixture was
refluxed for % hrs. when all the dione went into solution. Then
methanol and excess methyl vinyl ketone were removed at 70° on a

water-bath under reduced pressure (650 rim,)., The residual liquid

was dissolved in dry benzene (83 ml,) and 7 ml. of the solvent was

z .
w
2
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renoved with a water-separator., To the well-cooled solution was
added pyrrolidine or piperidire (1 ml.) and the mixture held at
reflux for 30 mins., during which time about 3 ml. of water
collected in the trap., Refluxing was continued for an additional
15 nins. after the separation of water had ceased. The water
collected was removed and 16 ml., of the solvent was distilled.
The reddish reaction mixture was cooled to room temperature and
diluted with 50 nl. of ether, The solution was washed with %3 ml.
of distilied water containing 5 ml. of 10% hydro-chloric acid and
then with %% ml. of water. The agueous extracts were extracted
twice with 25 ml, of ether aand the combined organic layers were
washed with three 33 ml,.,-portions of water, then with saturated
salt solution and dried over magnesium sulphate. The solvents
were removed and the residue distilled b.p. ll?-th?fO.S-l mra,
The distillate was crystallized from ether-pet. ether mixture and
washed with a little cold ether to give colourless plates m.p.

46-48° (25%). Teported m.p. 47-50° (635-65%).

1-0x0-6 ethoxy=~8a-uethyl 1,2,3%,7,8,8a-hexahydronaphthalene.

This was prepared according to the procedure of S, Swaminathan

5

and 1,3, Newman’”, A nixture of 5 gm. (.028m.) of the prececding

octahydro-8a methyl naphthalene dione, 4.8 g. (0.0324 m.) of

-
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triethyl orthoformate, %0 ml. of dry benzene and 1,3 ml, of 5%
anhydrous ethanolic hydrochloric acid was rcfluxed for 2 hrs.

The dark mixture was cooled, neutralized with 5% alcoholic sodiun
hydroxide solution and taken up in ether. The ether~benzene
solution was successively washed with 20 nl. of water, 25 ml. of
5% sodium hydroxide solution, 20 uml. of water and saturated sodium
chloride solution and then dricd over sodium sulphate. Distilla-
tion under reduced pressure afforded 4.6:g. (79.4%%) of a lemon

yellow liquid., ¥ max. 1675 cn™*, andg~3981 om T,

Attempted Alkylation of l--ox0-6 ethoxy-8a-methyl-l.2.%.7.8.8a,

hexahydronanhthalene with bromo-acetone,

The ecthoxy ketone (20.6 g; 0.1 mole) in dry methanol (100 ml,)
was treated with a solution of sodium (4.6 gm.) dissolved in dry
nethanol (minimum amount). To the solution was added 14.7 gn.

(0.1 m.) of bromoacetone (preparcd according to the procedure in
Organic Syntheses). The nixture was refluxed for 2 hrs. and then
concentracted under diminished pressure. The mixture was diluted
with water,the product isolated with ecther, and the solvent
evaporated when the starting material was recovered. The experiment
was rcpeated using 2 equivalents of potassium in dry t-butanol and

yet there was no reaction,

-
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hexahydronaphthnlenc with sthyl bromoacetate.

Bthyl bromoacetate (16.7 g3 0.1 mole) in tetrahydro furan
(40 ml.) and zinc wool (6.5 g; purifisd by washing successively
with 29/ hydrochloric acid, plenty of water, alcohel, acetone and
ether and drying at 110 for 30 mins.) were placed in a 500 ml.,
three-necked flask zquipped with a mechanical stirrer, a reflux
condenser 2nd o dropping funnel. A trace of iodine was added and
the mixture was stirred on a water<bath uatil nearly all the zine
had dissolved. To the Grignard Zeagent was addesd the ethoky ketone
(20.6 g; 0.1 mole) and stirring and refluxing continued for 2 hrs.
More zinc wool (6.5 g3 0.1 mole) with a trace of iodine was added
followed after 30 minse by more cthyl bromo acetate (16.7 g; 0.1
nole) and stirring.and refluxing were continued for further 2% hrs,
to nalke a total reaction time of 5 hra. The solvent was removed
and the cooled Grignard complex was diluted wvith water and
decomposed with 10% sulphuric acid. The organic layer was washed
successively with water, dilute sodiun carboaate solution and then
water., Tho solvent, dried in the usual way was evaporated when the

startin; saterial was recovered,




1-Bromo-2 methoxy-naphthalene

Merolin (250 g; 1.58 m.) in dry chloroform (1 litre) was

stirred until dissolved. Very slowly and with stirring bromire

(80 ml,) 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.
100-1200) and the mixture stirred until crystals began to form.,

It was allowed to cool and the yvoluminous crystals were filtered

at the pump. The product was dried by distillation in vacuo, to

give 220 g. of solid m.p. 80° (58.7%).

Attenpted preparation of 1-(¥-Hydroxy butanoyl)-2-methoxynaphthalene

Magnesium (6 gn; the magnesium was washed with sodium-dried
ether and dried at 110-120°) in tetrahydro furan (10C ml.) was
treated with ethyl bromide (0.5 c.c.). When the reaction had
started, l-brome-2-rniethoxy naphthalene (35 g; 0.15 mole) in tetra-
hydro furan (200 ml.) 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
% hrs and the magnesium complex was decomposed with aqueous

hydrochloric acid, The organic layer was separated and washed with

Y




water, The solvent was removed and the rcsidue distilled in vacuo.
First fraction (25 gm.) came off at 160-180°/60 mii, and crystallized

from methanol to give 2-methoxy naphthalene m.p. 72°. Seconad

fraction (5 gm.) b.p. 190-250°/60 mn. consisted of both saturated
and unsaturated carbonyl compounds. The residue might probably be

a hydrocuarbon.

1.-{2-Cyanoethyl)~-2-hydrcxy naphthalene

A mirture of bonzene (825 c.c.), 2-naphthol, (430 g; 2.99 mole),

exactly 133.4 gm. (3.3%m)of sodium hydroxide and acrylonitrile

(200 gm. or 250 ml.; 3.77 wole) wos heated on a water-bath under
reflux for 4 hrs. Then cold water (1500 ul.) was added and the
mixture stirred until 2)1 tlie alkali had disuolved. The aqueous
layer was scparated and adcidified with acetic acid. The product

was filtered and Crystallized fron methylaled spirit and allowed

to stand overright in the solvent. The product was filtered and
washed with.a litile methylated spirit until colourless i.e. until
all the ‘pink colouration was removed. 530 gm. (90%) of slightly

yellow erystals m.De 145° were obtained, Y max. (Fujol) 1575 cm-l,

7

5

O\

1616 cm—l, 2250 cm-l and 33%%3% cm—l. Reported MeDa 1420.




5,6-Renzdihydrocounarin.

1-(2 Cyanoethyl)=-2 hydroxy naphthalene (3.94 g.; .02 mole)
and a solution of sodium hydroxide (2.4 g3 .06 m.) in water (12 ml,)
was refluxed on a heating mantle for about 5 hrs. (i.e. until no
mer ammnonia was cvolved); It was then refluxed for a further one
hour. The reaction mixture was diluted with water to dissolve the
precipitate formed and was acidified with conc. hydrochloric acid
to Congo red. The reaction mixture was then refluxed until nearly
all the solid precivitate had 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 cthereal solution
was thoroughly washed with sodium carbonate solution, and then with
water. After drying the organic extract over anhydrous magnesium
sulphate, it was evaporated. The residual cil was treated with
dry benzene and the benzene removed at ordinary pressure. This
was repeated thrice. Traces of benzene were then coupletely
removed in vacuo and the oil was cooled to below 0° with stirring

when it solidified to give %.14 g. (80%) of 5,6 benzdihydrocoumarin
xR 1

n.p. 52-54°, ¥max. (Fujol) 1582 cm"l; 1632 cm™— and 1762 cm”

(Found: C, 78.77; H, 5.05 613H1002 requires C, 78.77; H, 5.09).



1-(% Hydroxy propyl)-2 hydroxy-naphthalene.

Lithium aluminiua hydride (10 g.3 0.26 n.) in sodium-dried
ether (300 c.c.,) was placed in 2-litre three-ncclked flask equipped
with a stirrer, a reflux condenser and & 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 hour. BTthyl acetate (24 ml.) was added
rapidly to decompose excess lithiuww aluminium hydride followed by
ice-cold water and then dil. hydrochloric acid., The ethereal layer
was separated and the aqueous layer was extracted thrice with small
portions of ether. The combined organic extracts were washed
with water severally, dried over magnesium sulphate and then
evaporated. The resulting solid crystallized from methanol to give

quantitatively colourless crystals of 1-(3 hydroxy propyl)=-2 hydroxy

naphthalene m.p. 1350; The phenol in methanol inparted yellowish

green colour to a drop of ferric chloride solution. J nax. (Fujol)
1587.5 om T, 1625 cm™* 3150 cm™L and 3410 em™, (Founds C, 77.23;

i, 6.9 013211402 requires C, 77.20; H, 6.98).

1-(3% hvdroxy propyl)-2 hydroxy-5,6,7,8 tetrahydro-naphthalene.

1-(3 hvdroxy propyl)-2 hydroxy naphthalene (50 g.; .02km.)

in methanol was hydrogenated over Raney nickel (6 g.; 0.102 at)

-




at an initial pressure of 65 atuospheres 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 renoved combletely
on a water-bath under reduced pressure. The residue, taken up in
ether, was thoroushly extracted with 10% sodium 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 ané evaporated. To the
0oil benzene was added and removed ot ordinary pressure. This was
repeated several times. Traces of benzene were removed completely
under reduced pressure. The o0il was then recrystallized in small.
portions from pet. ether (30-40°), After drying overnight in a

vacuun desicator 40 gm. (78.4%) of 1-(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. “/max. 1587 cm-l, 323% B L and 3550 cm™r,

(Found: 75.9; H, 8.80. 015H1802 requires C, 75.69; H, 8.80).

1-(3 hydroxy vronyl)-2 methoxy-5,6,7,8 tetrahydro naphthalene.

1-(3 hydroxy propyl)-2 hydroxy-5,6,7,8 tetrahydro naphthalene
(206 g.; 1 mole) in water (400 ml,) containing sodium hydroxide

(42 g3 1.05 m.) was stirred until dissolved in a three-necked



flask equipped with a condenser and a separatory funnel. The
solution was cooled below 10° in an ice-salt bath and dimethyl
sulphate 126 g, (94 ml.; 1 mole) was added dropwise while the
mixture was stirred., After the addition, the mixture was stirred
for 30 mins. and water (200 nl.) containing sodium hydroxide
(21lg.; +53 n,) was added and the mixture stirred for a further
30 mins. The mixture was refluxed on a water-bath for 2 hrs. ,
cooled, and wos then diluted with water., The oil was separated and
the aqueous layer was cxtracted with ether, The oil and ether
extracts combined were washed successively with dil. sodium hydroxide,
dil. hydrochloric acid and water. The ethercal solution was dried

over magnesium sulphate and the solvent was evaporated to give

178.8 gm. (81.3%) of 1-(3 hydroxy propyl)-2-itecthoxy=5,6,7,8~-

3 -—' —
tetrahydro naphthalene as a colourless oil. “ max 800 cm, 1256 cm,)

1600 om and 34007 2p".

1-(3 Bromo provoyl)-2 methoxy-5,6,7,8 tetrahvdro naphthalene.

The preceeding methoxy propanol (15.4 g.; 0.07 m.) in sodiun-
dried diethyl ether (50 c.c.) was cooled to 0° in an ice-salt bath.
fhile stirring, phosphorous tribromide (2,68 ml.) in ether (10 ml.)
was added dropwise at such 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

a
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nixture were allowed to warn to room temperature overnight. The
nixture was diluted with ether, and sodium carbonate solution was
added. It was successively washed with water, dil. hydrochloric
acid and thea water. The ethereal solution after being dried over
magnesium sulphate was evavorated to give 12.9 g. (65%) of
1-(3-Bromopropyl)-2-nethoxy-5,6,7,8~tetrahydro naphthalene as a

- | Al
colourless oil ™ max. 800 cr, 1266 e and 16Q0 o l.

5-(% Bromopropyl)-6 methoxy-l-tetralone.

The vreceeding methoxy bromide (283 g.; 1 wole) in glacial
acetic acid (856 ml.) was cooled to 5% in an ice-salt bath. A
solution of chromic anhydride (153 g.; 1.53 mole) in water (55 ml.)
and glacial acetic acid (428 ml.) was added at such a rate that the
temperatuvre was held at about 200, while the mixture was vigorously
stirred. The nmixture was allowed tc warm to room teuperature
overnight and was then diluted with water. The oil was separated
and the aqueous layer was extracted severnlly with diethyl ether.
The oil amd organic extracts were combined and washed successively
with water, O. I’ sodiwi hydroxide, dil. hydrochloric acid and with
water. The organic solution was dried and evaporated to give a
viscous 0il which crystallized from pet. ether (30-#00) or a

little diethyl ether to give 94 g. (31.6%) of 5-(3-bromopropyl)-

6 methoxy-l-tetralone m.p. 92-94°, (Found: C, 56.83%; H, 5.7,




17 5 Br reauires C, 56.75; H, 5.70; Br, 27.0%)
l .

% max. (Tujol) 1587.5 cn?‘, 1666 cm .

Br, 26,8 C 18

6-Methoxy-5(3-Bromopropyl)=3:4 dihydro-l-methyl naphthalene.

To a grignard solution prepared in ether from magnesium
(120 g.3 5 atoms) and an excess of bromo methane (sufficient to
react all the magnesiunm turniugs) was added the preceeding ketone
(294 g.3; 0.99 mole) in tetrahydro furan, 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 seporated, and the agueous layer was extracted
with chloroform. The organic solutions were separately washed
neutral with water, and were united. The orgnnic solution was

dried and evaporated, to give 228.6 g. (77%) or 6-methoxy-5(3-

Bromopronyl)-3: 4-dihydro-l-nethyl naphthalene as a yellow oil.,

The I.R. spectrum had no carbonyl absorption.
P

1-Methyl=5(3-bromopronyl)~6 methoxy-2-tetralone.

The preceedin: dihydro naphthalene (295 g.; 1 mole) dissolved
in chlorofornm (320 ml,) was oxidized with perbenzoic acid (134 g.;
0.97 mole) in chloroform (1760 c.c.) at 0°. After storage overnight
in the refripgerator, the red solution was washed with dil. sodiunm

hydroxide and then water; and the solvent removed under recduced

“.‘
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pressure. The residue was refluxed for 1)z hrs. with conc.
sulphuric acid (206 ul.), methanol (1380ml.) and water (1100 ml.)
and the product isolated with ether. After being washed and dried
the solution was evaporated, *o give 252.8 g. (80.9%) l-methyl-5
(-3 bromopropyl)-6 methoxy-2-tetralone as 2 yellow oil, \)max.

" —
1600 cm and 1720 cn 1.

Ring extension of l-methyl-5(3 bromopropyl)-6-methoxy~-2-tetralone.

The precceding tetralone (6 gs3 .019 mole) in methanol (100 ml.
was cooled to 0° in an atnosphere of purified butane. 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 ml.,) in methanol (5 ml.)
was added dropwise ond slowly. After the addition, stirring was
continued for =z further one hour. Stirring was discontinued and
the mixture was allowed to stand overaight at room temperature
under trapped butane., It was acidified with dil. hydrochloric
acid containing crushed ice and extr-cted with chloroform. The
organic solvent whs washed, dried and evaporated, to give a viscous
oil. The oil (5 g.) in methanol (100 ml.) was treated with potas-~
siun carbonate (3 g.) in water (3 ml.) and the mixture refluxed
for 3 hrs. The reaction mixture was cooled, poured onto ice

containing conc. hydrochloric acid and the nixture extracted with



chloroform, The organic solution was washed, dried and evaporated
to cive an oil which was passed through activated alumina. Various
mixtures of pet. ether and beunzene eluted nothing. Second benzene

fraction was mainly the product viz. 2:3:4:9:10:12-hexahydro-6-

nethoxy=7(3-bromopropyl)-12-nethyl-2-oxophenanthrene as an oil,

- A =
Y nnx. 1587 cm, 1616 cm and 1650 cm l. Third and fourth fractions

consisted of an o0il which crystallized from o little ether to

give 8—Oxo-1Qg:pethy1—1,2,3,4L5L§L8L9,lO,lOa-decahxdro-l-oxér

chrvsene M.pe 160-162°, Ymax. 158745 cm, 1616 cm, 1650 cm-l.

Amax. 207.5 md (¢ 37,180), Amax. 234 m yi( £3%7,520) (Found: C,

80.163 H, 7.52 C,gH requires C, 80.56; H, 7.51). The F.M.R.

20%2
spectrum showed absorption at 8.04Y for 3 protons as a singlet

(C-9 methyl)’at 6.96-6.6"f for six protons as a multiplet (2x Ar
CH,CH, and co.gga), at 5.04--4.,48 % for 2 protons as a triplet

(OCHZ), at 2.88 7 for one proton as a singlet (C-5 olefinic hydrogen)
and at 1.,96-1.24T for two protons as a quintet (two aromntic

hydrogens).

88-Hydroxy~10a-nethyl-1,2,3,4,5,6=-6a-2-7,8,9,10,10a, dodecahydro-

l-oxa~-chrysene.

Lithium (1 gm.; O.1l4 atom) was dissolved in liouid ammonia
(200 ml.). After 5 mins, the preceedins tetracylic enone-ether

(0.6 gm.; .002 mole)in tetrahydro furan (20 ml.) was added.

a
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After shaking the solution for five minutes, the blue colour was
discharged by a dropwise addition of methanol, This was followed
by an addition of more lithium (0.5 g;) and then methanol, and then
lithiun (0.5 g.) ané again methanol until in all 2 gm, of lithium
had been addéed, The solution was allowed to evaporate overnight,

nd was diluted with water, The aqueous solution was extracted

)

=

rith chloroform., The orzaniec solution, aftcer drying over magnesium
sulphate was avaporated to give an oil which crystallized froa a

little ether or acetone to give 8B-~Hydroxy-1O0a-methyl-1,2,3,4,5,6,

6aa~#,8,9,10,102 decahydro-l-oxa-chrysene m.p. 128°, N max.(Gujol)

- -1 ; : Z
1587.5 cm and 3440 em —, The/preceeding hydroxy-ether in acetic
acid was hydrogenated over piatinum oxide at room temperature and

: . o
atmospheric pressure for-3%6 hrs. A compound n.». 45-50" was

obtained “max. 1587.5 cm-l, and 3440 om > and was perhaps the

starting moterial,

5(3-~Acetoxy propyl)-6-methoxv-l-tetralone.,

1-(3=hydroxypropyl)-2~ncthoxy~5,6,7,3, tetrahydro naphthalene
(2,20 g.; 0,01 nole) in dry pyridive (1 ml,) wns treated with’
acetic anhydride (Ll.45 g.; 0,014 m,), The mixture was allowed %o
standéd overnight and the procduct isolated in the usual way with ethgr.
The acetate was an oil. The acetate (2.62 g, 0.01 mole) in acetici

acid (8.6 ml,) was treated with chromic anhydride (1.5g; 0.015 mole)
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in water (1 ml.) arnd glacial acetic acid (4,3 ml,) at 20°, The
mixture was allowed to stand overnipht and the product isolated

with ether in the usual way, to give in 50% yield 5=-(3~Acetoxy

3 -~ -1
propyl)=6-methoxy-l-tetralone as an oil. ¥ max. 1575 cm, 1666 cm

and 1725 om T,

Attempted preparation of b-ilethoxy=5=-(n-propionic acid)-l-methyl-

2-tqtralone;

6-Methoxy-5 (3-brouopropyl)-l-nethyl-2-tetralone (3.1 g}
0,01 mole) in methylated spirit (50 ml,) was added to a solution
of potassium cyanide (0.97 g3 015 mole) in water (0.5 ml,) in a
100 ml, flask and the mixture refluxed for 20 hrs, on a water-bath.
The reaction mixture was cooled and the preccipitated 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 oi]7Jmax, 1587 cﬁ?: 1700 cm . 2225 cm' (mitrile)s
The nitrile (2.5 g3 0.01 mole) suspended in water (50 ml.) was
treated with sodiuz 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. hydrochloric
acid., The acid mizture was extracted with chloroform and the

chloroformic solution was extracted with aqueous sodium bicarbonate,



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
g |

. - P | a3
failed.Y max, 1587,5 cm, 1710 cm, and 2670 cm., Attempt to prepare

a D,T,P, derivative also failed;

F-Bromo methyl butyrate.

¥Butyro lactone (43 g3 0.5 m.) and 60% hydrobromic acid
(92 ml; 4 = 1.7) were placed in a flAshk equipped with a water-
condenser c?rrying an adaptor filled with absorbent cotton wool.
The mixture was refluxed over a heoting mantle for 5 hrs. and
excess hydrobromic acid was removed under dininished pressure on a
water—bath.‘ The residue was cooled and then taken up in ether,
The ethereal solution was washed with water, dried over anhydrous
magnesium sulphate ond then evaporated. The crude E‘bromo butyric
acid (78.9 g3 0.47 n.,) in dry benzene (72 ml.) was treated with dry
methanol (48 ml.) and conc. sulphuric acid (0.3 ml.). The mixture
was then refluxed with a water-separator on a water bath. Water,
benzene and alcohol sepnaranted and formed two layers in the Beparator;
The lower layer (509 water-methanol mixture) was then run off.
When no more water separated, more dry methanol (about 150 ml,) was
added and the reflux continued for 30 ninutes more. The solution

was concentrated at ordinary pressure on a water-bath. The residue



was cooled and shaken up with water to dissolve unreacted 7‘-butyro-
lactone and YWebromobutyric acid. The oil was separated from the
aqueous solution, dissolved in ether and the ethereal solution

dried over nagnesiunm sulphate and evaporated; The oil was
redistilled on a heating mantle. Fraction b.p. 186-187° was
collected. Overall yield based on*glbutyrolactone was 80% \,max.

1737 cm“l; (Strong carbony]);

Alkylation of 1,2,3, J5,617;9l10l11,12l}3, dodecahydro-1,1,~dimethyl -

| =

2B~hydroxy-l12-nethyl-7-oxovhenanthrene with\g-bromomethyl butyrate;

Potassiun (0,1 gm3 .003 m.) was added to dry t-butanol (20 ml.)
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 (0,56 g3 0.002 m.) was added and the reflux continued
for 15 minutes more., ¥-Bromo methyl butyrate (1 gm;; this was quite
a large excess) was added and the reflux continued for 15 minutes®
nore. The reaction mixture was cooled, diluted with water,
acidified with cold 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 alunina, Different
mixtures of pet. ether and benzene eluted nothing but pure benzene

eluted a substance which crystallized from a little ether to give
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00" t1gs. 0f o Compound m.pe 1000s ) maxe 1625, 1666 and 1925 on %

Pure cther eluted about 300 mg. of the starting material,

5,6,7,3=Tetrahydro~-2~-methoxy naphthalene.

B-laphthol (500 g3 3.5 m.), was suspended in methanol and the
mixture was hydrogenated over alkali-free Raney nickel (40 gm;
0.68 atom) at an initial pressure of 120 atmospheres and a set
tenperature of 1400; 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 wos taken up in ether and was extracted thoroughly
with 27 sodium hydroxide. The alkaline solution was methylated
with dimethyl sulvhate in the usuval way to give 277 gm. (53%.9%)

of 5,6.7;8-tetrahydro—2—methoxy naphthalene after redistillation

5 : o
under reduced pressure over a heating mantle b.p. 140°/1 5 mm,

Reported b.p. 129-13%1°/11 mm,

6-Methoxy~-l-tetralone.

The preceeding methoxy tetralin (160 g; .99 m.) in glacial
acetic acid (550 ml,) was cooled to about 15° in an ice-salt bath.
A solution of chromic anhydride (130 g; 1.3 m.) in water (100 ml.)
and glacial acetic acid (500 ml.) was added with stirring at such

a rate that the temperature was hecld at about 20°, After the
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addition, the reaction mixture was allowed to stand at room
tenperature overnight. The deep green reaction mixture was

diluted with water and the mixture was allowed to stand for one
hour; 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, sodium hydroxzide, Without shaking,
the aqueous layer was separated. This operation was repeated.

The organic solution was extracted with dil. sodiuwa hydroxide,
washed with water and dried over magnesiunm 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. 160%/1 mm.
was collected, The o0il crystallized from pet. ether (BO-MOO), to
give 80 gm. (L6%) of 6-methoxy-l-tetralone as light yellow crystals

m.p. 87°, < max. 1600, and 1666 cm™t,

1-Methvl=3,4-dihydro-6-methoxy naphthalene.

A grignard solution was prepared by adding excess bromo
methane (about 200 ml.) in cold dry diethyl ether (800 ml,) to
magnesium turnings (40 g; 1.7 atoms) in dry diethyl ether (1500 ml.)
contained in a five~litre three-necked Tlask 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 mognesium turnings had reacted, 6~methoxy-l-tetralone
(160 g; 0,91 m,) in a minimum amount of tetrahydro furan was added
while the mixture was stirred. After the addition, stirring was
continued for one nmore hour. 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% yield l-methyl-

%, h=dihydro-6-methoxy naphthalene as a light yellow oil. (ilo

carbonyl absorption).

6-Methoxy-l-nethyl-2-tetralone.

Monoperphthalic acid was prepared as follows: 125 g. of
sodium hydroxide dissolved in 125 ml. of water was treated with
one Xg. of ground ice. The solution was stirred and then 250 ml,
of 30% 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 ~nhydride had dissolved. (About 5 mins.).
The nixture was then acidified with ice~cold 20% sulphuric acid
prepared before hond. (The whole operation from the beginning to
the acidification stage was done very quickly). The perphthalic
acid was extracted with ether and a sample of the ether solution

(1 ml,) was titrated by adding glacinl acetic acid (2 cec.),
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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 Iormal monoperphthalic
acid (this is a little less than one equivalent) was added slowly.
After the addition, it was left in the bath for 4 hrs. and was
allowed to stand at the temperature of the cold room (about 20°)
overnight, The reanction mixture was diluted with aqueous sodium
hydroxide. The orgnnic layer was separated, washed with water
and evaporated., To the residue in methanol (3%CO ml.,) was added
conc. sulphuric acid (30 ml.) in water (160 ml,) and the mixture
refluxed for 2 hrs. The reaction mixture was 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.

Y max, 1724 om™ > (strong carbonyl absorption);

7-Methoxy=-12-methyl-2,3%,4,9,10,12 hexahydro-2~oxophenanthrene.

6-Methoxy~l-methyl-2~tetralone was condensed with nethyl

vinyl ketone using the procedure already described for the



preparation of 6-methoxy-12-methy1,2;3,4,9;10,12—hexahydro-2-
oxophenanthrene, The crude product was distilled under reduced
pressure and the distillate was crystallized from a little ether

to give 50% yield of 7-methoxy-l2-methyl-2,3,4,9,10,12-hexahydro=-

2-oxophenanthrene as yellow crystals m.p. 107-1090.

“max. 1600, 1625 and 1666 om™ T,

Trans, 1,2,3,4,5,8,9,10,11,12~decahydro-7-methoxy-12-nethyl-28~
hydroxy phenanthrene.

Lithium (4 g3 0.58 atom) was dissolved in liguid ammonia
(1 litre). After five minutes, the preceeding hexahydrophenanthrene
(5 g3 0,021 m) in purified tetrahydro furan (200 ml.) was added.
After another five minutes, n-propanol, (75 ml.) was added dropwise
until the blue colour 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 gm, of the metal had
been added. The solution was allowed to evaporate., The residue
wos diluted with distilled water and extracted with chloroform,.
The chloroformic extract was washed with water and dried over
anbydrous sodiun sulphate. The solvent was completely removed
to leave an oil which crystallized from ether to give 50% yield of

1,2:3,4,5,8,9,10,11,12-decahydro~7-methoxy-12~-nethyl-2f~-hydroxy

o.
phenanthrene m.p. 133-134". ¥ max, (Chloroform) 1661, 1693, and

3524 cm-1 Report0648 MeDo 133-1350.
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Prans=1.2.3.4:5.6,7.8.9,10,11a,12-dodecahydro~12-methyl-2B~hydroxy=

7-qxqphenanthrene;

The preceeding dienol ether (17.9 g; .072 m.) in methanol
(100 ml.) was treated with a solution of oxalic acid (4 g3.037 m,)
in water (5 ml,). 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 from pet-ether (30-40°) to give 80% yield of the B¥~unsaturated
ketone m.p. 93—950; ‘amax. (chloroform) 1700 and 3423 cm'l. The

% ¥

benzoate had\f max. (chloroform) 713, 1600 and 1720 cm —, and

P max. 228 mi,

ligi},4,5,6,7;9,10,llaL12L13 dodecahydro~l2-methyl=-2B~hydroxy=7~

oxophenanthrene.

1,2,3,4,5,8,9,10,11,12-Decahydro~7-me thoxy-12~me thyl-2p -
hydroxy phenanthrene (0.25 g; 0.001 m,) in acetone (20 ml.) was
treated with a solution of conc. hydrochloric acid (1 ml,) in water
(3 ml;) and the mixture refluxed on a water-bath overnight. The
solution was cooled, diluted with 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 a-B unsaturated keto-alcohol

m.p, 121-123°, (84.8%) “max. (chloroform) 1616, 1666 and 3400 cm™ .

- —
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Rmax, 242 my) (617,000); Reported37 n.p. 123-4°; The unsaturated
ketone (0.5 g.) in pyridine (5 ml,) was treated with benzoyl

chloride (1 ml,)., 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 froim methanol or
acetone, m.p, 177-179° ¥ mex. (Iujol) 714, 1666, and 1716 e,

Nmax. (methanol) 235.5 mil

2,2-Ethylene dioxy-5~bromo-pentan-2-one.

EQBromo-pentan-Z—one was prepared according to the procedure
outlined for the preparation of 5-Chloropentan-2-one in organic
Syntheses Coll., Vol, IV85; a~Acetobutyro lactone (20 g3 0.16 m,)
and water (27 ml,) were placed in a two-necked 500 ml, flask; Two
or three antibumping stones were added and the flask was arranged
for distillation, A water condenser was used and the receiving
flask was immersed in crushed ice while the reaction flask was
placed over a heating mantle. 60% Hydrobromic acid (84 ml,) was

introduced through the other neck of the reaction flask and

stoppered., Heating was started immediately. 5=~Bromo-pentan-2-one

a4

distilled azeotropically with water at 120-122° at ordinary pressure.

When about two~thirds of the reaction mixture had distilled over;

more water (10 ml.) was added to the reaction mixture and distillation

|



was continued until only water was distilling over. The lower
layer of the distillate was separated and the aqueous layer was
extracted with ether. The organic liquid and ether extracts were
combined and washed well with water. The organic solution was
dried over anhydrous calcium chloride for 10 mins. and decanted
into another dry flask containing calciwm chloride, After one hour,
it was again decanted into onother flask and evaporated on a water-
bath at ordinary pressure,

The bromo ketone (25 g.) in dry benzene (100 ml.) was treated
with ethylene glycol (25 ml.) and conc. sulphuric acid (5 drops);
The mixture was refluxed with a water-separator for 48 hrs. The
benzene layer was separated from unreacted glycol, 0.3 ml, 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 kept in a well
stoppered bottle to prevent deterioration. (Found: C, L4O.L4O;

0.Brrequires C, 40.20; H, 6,203 Br.38.28%).

H, 6.68, Br,36.15% C.H,.0,



\
Alkylation of 2=Renzoyloxy=1,2,3,4,5,6,7,8,9,10,11,13,dodecahydro-12~
methyl-7-oxophenanthrene with 2lz—ethylenedioxyg5-bromo<pentan-2-one;

Potassium (42 mgy 001 at) dissolved at reflux in dry t-butanol
was treated with the benzoate (0.3 g.; 0.001 m.). (Heating mantle
was used and a very dry water~condenser carrying a cotton wool tube
was provided), After five minutes, the bromo ketal (0.58 g; 0.003u,)
was added and the reflux continued for 1% hrs more. The organic
solvent was completely removed, the residue was dissolved in methanol,
trecated with 0.58 g. of sodium hydroxide in 1 ml. of water and the
mixture refluxed for 24 hrs on a water-bath. The alcohol was almost
completely removed under reduced pressure., The residue was diluted
with water and extracted with chloroform. The organic solvent was
completely removed to leave the adduct as an oil, )\max, 250

N max. 1600, 1666 and 3425 em™t,

Reduction of the ap~unsaturated ketone (148).,

Lithium (042 gm; 0,02 atom) was added to liquid amnonia
(400 ml,). After all the metal had dissolved (about 10 minsg), the
a=B unsaturated ketone (3 g; ,008 mole) in tetrahydrofuran (60 ml.)
was added. After 5 mins, solid ammonium chloride was added very
carefully until the blue colour was discharged. The ammonia was
allowed to evaporate overnight and then chloroform was added. The

organic solution was then washed with water, dried over anhydrous

A e



sodiun sulphate and evaporated to give an oil (‘Jmax; 1625, 1666, {
1700 and 3400 cm-l) which was a mixture of the fully saturated keto

alcohol (149) =nd the starting material. :

Conversion of the fully saturated keto alcohol (149) %o the '
olefinic ketone (150).

Grismard weagent prepared from magnesium turnings (b g+) and '
axcess bromomethane in dry cther was treated with the precceding f
keto mixture (0.5 g.) in tetrahydrofursa (40 nl.) and the nmixture
stirred for one hour. The complex was decomposcd with a solution
of conc. hydrochloric acid (25 nl,) in water (50 nl.). The organic
solution was washed with water, dried over sodium sulphate and }
evaporated, to give 2n oil, S max. 1710 and 3400 em™L,  Amax,

269 mp (very strong), Significant signals in the H.il.L. spectrum ;
occurred af 6,047 (gg OH), at 6.96 tau (QQEGOCKB), at 7.4 tau

(CH_~C-~) and £t/835 tau (CH.).
=3 A 3
0

Preparation of the tetracyclic C-ilor-D-home dieno-ketone (152).

The preceeding mizture supposed to contaoin the olefin (150) was

4

boiled with ncotic nnhydride for one hourj; methanol was added and

the solvents reaoved completely in vacuo. The resulting acetate
: : = - s o

(strong CO) wns dissolved in ethyl acetabte an? ozonized at - 61

.

in a bath of chloroform nnd liguid air. As soon as the blue
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