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INTRODUCTION.

Aromatic hydrocarbons generally tend to adopt a
(1)planar configuration N , but in recent years an

increasingly large number of cases has come to light
in which coplanarity is prevented by the steric
requirements of the molecule. In principle this is
not a new phenomenon, for, in the case of derivatives 

(1a)of diphenyl v , it has been known for many years.
An interesting example of a hydrocarbon of this type, 
which is nonplanar and has been obtained in optically 
active forms, is 1:1* dianthryl ' ' (I).

If this structure was planar, as drawn above, it 
is clear that the closest approach between certain non­
bonded atoms (designated by *) would be much smaller

o
than the usual Van der Waals gap of about 3*4 A. This
"Intramolecular Overcrowding” has been the subject of

(4) (5)much careful chemical investigation, and a few
examples of the various types of compounds, which have 

been studied, will now be given.



From a study of molecular models, it was 
suggested that 4:5- dimethyl phenanthrene II,

would be unable to adopt a planar configuration due to 
the large overlap of the methyl groups on each other* 
According to Newman there are three possible spacial 
conformations for 4:5- dimethyl phenanthrene (II)* They 
are as follows
(a) The methyl groups may be bent away from each other

but in the same plane as the aromatic rings*
(b) The aromatic rings may be distorted in some way from 

a planar configuration due to the steric hindrance 
imposed upon the molecule by the methyl groups*

(c) The methyl groups may lie bent out of the plane of
the aromatic rings.
If this latter suggestion (c) is correct then the 

molecule should exhibit optical activity*
In view of the interest aroused by its stereo- 

(1)chemistry several x 'attempts were made to prepare it; 
some difficulty was experienced in achieving this 
synthesis due to steric hindrance*



3

(7a.)It was finally synthesised both here v ' and 
in America (^b)^ That compounds of this type could 
exist in enantiomorphous forms was shown by Newman and 
Hussey, who succeeded in resolving 4:5:8-trimethyl-1- 
phenanthryl - acetic acid

CHs
CM

ILL,

This compound must owe its asymmetry to the fact
that the methyl groups in the 4- and 5- positions,
due to steric hindrance have been forced to lie bent
out of the plane of the aromatic rings.

(9 )Bell and Waring w /  have succeeded in resolving 
3:4-5s6- dibenzphenanthrene -9:10- dicarboxylic acid 
(IV), and Robertson etal have shown by x-ray
crystallography, that in the parent compound, 3:4-5:6- 
dibenzphenanthrene (V),
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the molecule departs greatly from a coplanar configu­
ration and exists in a spiral form due to the intra­
molecular overcrowding at positions designated by 
h*h in ringS "a” and "e”.

Newman etal have resolved 1:12- dimethylbenzo
(4 )

(c) phenanthrene - 5 - acetic acid (VI) and suggested 
from a study of a molecular model of the parent compound 
benzo (c) phenanthrene (VII), that the ring system must 
be distorted in order to relieve the strain.

This suggestion has been confirmed by Schmidt and 
Herbstein who have shown by x-ray crystallography
that the rings are bent along the axes indicated by 
the dotted lines in the parent compound (VII).

Yet other interesting examples of compounds 
exhibiting non-planarity due to intramolecular over­
crowding are 9:10 - dihydro - 3:4-5:6- dibenzphenan-

(12)threne (VIII) v , and 1-methyl-benzo (C) phenanthrene 
(IX) <12a>.
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(V Ml) 0*)
A most remarkable hydrocarbon, phenanthro-3:4-C 
phenanthrene (X) has recently been prepared and

From a study of a molecular model it may be seen 
that it is impossible for the molecule to adopt a 
planar configuration but must exist in a spiral form 
in which rings A and F are overlapped on each other. 
Resolution of this hydrocarbon was achieved interest­
ingly by complex formation with 2-(2:4:5:7-tetranitro- 
9-fluorenylideneamino-oxy) - propionic acid (XI).

(13)resolved by Newman etal ' 7

NO CH CooH .

QcO .



The laevo form of the hydrocarbon (X) had an
r . 24

optical rotation of [_o(J D -3640 , and exhibited 
remarkable stability, racemisation being incomplete 
even at its melting point.

Another interesting example is octamethyl 
naphthalene (XII) which was recently synthesised by 
Abadir, Cook and Gibson An x-ray analysis of

(15)this compound, carried out by Donaldson andRobertsonv '

has shown that the oC-methyl groups are displaced
o

from the mean plane by about 0.73 A, and the -methyl
o

groups, in an opposite direction, by about 0.25-0.40 A. 
It is also stated by these authors that the naphthalene 
nucleus itself may be distorted in a similar way but to 
a smaller extent.

K*. Use

fU<L

C * » ) .
It was thought that the hydrocarbon (XII) would 

probably still be asymmetric in solution as well as in 
the crystalline state. Asymmetry in solution could be 
confirmed by the preparation and resolution of a 
suitable derivative, or by the resolution of the hydro-



(1 7)carbon itself by Newman's method. v ■
The derivative chosen was 2-(1:3:4:5:6:7:8- 

heptamethyl naphthyl) - acetic acid (XIII).

Aa
Am  rw*.

ch^c ooH

It would be both interesting and useful to give 
a brief outline of the main methods used to synthe­
sise methy1-derivatives of naphthalene. Many and 
varied synthesis have been employed, to prepare 
methy1-naphthalenes (mono-, di-, tri-, tetra-, penta- 
hexa-, hepta-, and octa-)^14^’ ̂ 16^’ ̂ 17^’ (18) >09) ,(20), 
but in most of them the first objective was to 
synthesise one of the four basic units, A or B or C 
or D - namely, a benzene nucleus with a side chain 
capable of intramolecular cyclisation.

Coc>H



After cyclisation the product obtained, from each 
of the types respectively, may be converted to the fully 
aromatic naphthalene hydrocarbon by standard methods.

A great variety of methods exists for synthesis of 
fa-aryl butyric acids of the above type (A). The 

most important one is, however, the ’’Succinic Anhydride”, 
synthesis illustrated below (Note:- Benzene will be used 
where possible to illustrate the syntheses).

(AX

Benzene is condensed with succinic anhydride in 
the presence of aluminium chloride, in a suitable 
solvent, (e.g. nitrobenzene, s-tetrachloroethane, 
methylene chloride), to yield the corresponding

^-aryl - ^ k e t o  - butyric acid. On reduction of 
the keto group, by the Clemmensen or Huang-Minlon 
procedure, the desired fa' -aryl butyric acid (A) is 
obtained.

Another longer route to f a -aryl butyric acids 
proceeds from an acyl benzene, followed by a Refor- 
matsky reaction with an o^-halogen ester, as illus­
trated below, to yield the ester (E). This ester (E)



may be converted to the aryl butyric acid of type (A) 
either by an Arndt-Eistert reaction or by the older 
method of reduction to the alcohol, replacement of 
the alcoholic group by bromine, further replacement of 
bromine by cyano, in the usual way, followed by 
hydrolysis.

(ST} -I- CH3 C O & £  ------
CO,Cl-

+
OOH

CHjoH
(©.

Yet another variant is the condensation of a 
malonic ester and a^/J-aryl ethyl bromide, followed 
by hydrolysis and decarboxylation of the condensation 
product (H) as illustrated below.

+ CH coofJ-"t Nu. « y , . ,
^  co

Two recent useful additions, to the methods avail­
able for synthesising J^-aryl butyric acids, are th&se 
of Colonge and Mosby
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+■ CMuCH

coo£4̂
^CMe cooH

2

/•f'Oti'"

In the first, benzene is condensed with allyl acetic 
ester in the presence of aluminium chloride yielding the 
ester (J), which, on hydrolysis, furnishes the desired 

^-aryl butyric acid.
In the second, ^  -valerolacetone on condensation 

with benzene in the presence of aluminium chloride produces 
the desired ^  -aryl butyric acid as illustrated below.

cooH
+ ( L

The methods available for the synthesis of the basic
unit of the ketones of type (B) are very similar to those
used for ^  -aryl butyric acids of type (A) and, indeed,
the ketones may be built from the acids by the use of
cadmium alkyls (^Oa) an^ other methods.

Mo)Colonge v ' condensed benzene with allyl acetone in 
the presence of aluminium chloride and obtained the desired 
ketone of the required type (B).



Ketones of the type (B) may also be synthesised 
by the condensation of a -aryl ethyl bromide and 
acetoacetic ester, followed by hydrolysis and decar­
boxylation as shown below.

In a variant of this method the keto-group is 
reduced to the alcohol before cyclisation. In this 
case a tetralin is obtained and not a dihydro-naphtha- 
lene.

To synthesise the final type of basic unit (D) 
benzyl bromide is condensed with allyl malonic ester 
followed by hydrolysis and decarboxylation. The 
acid (N) which is obtained is of the requiredtype (D)



COOH
(*3 .

The above schemes have been modified in the 
literature to yield a large number of naphthalene 
derivatives,

Abadir, Cook and Gibson v ' synthesised several 
polymethyl naphthalenes using the "Succinic Anhydride” 
synthesis. The scheme of work carried out by these 
authors will now be given in some detail, since results 
obtained in the present investigation invalidate the 
orientation assigned by them to a number of their 
products and it will be necessary to refer to their 
work later.

The route adopted by them for the synthesis of 
some of their polymethyl naphthalenes is shown 
schematically on the following page.

PreMitene (XV) was condensed with oy^-dimethyl 
succinic anydride (XV1), in the presence of anydrous 
aluminium chloride in s-tetrachloroethane solution, to 
give ^  -keto- oi/3 -dimethyl- prehnityl butyric 
acid (XVII). Hydrogenation of the sodium salt of this



JL 
Jt

l3 q

/V- C H "  CO
I xo

(x«/)

Krc" ~c£> 

(x(/l)

I

(AOciO)



butyric acid (XVII), over copper chromite catalyst, 
yielded c>y3 -dimethyl- ^  - prehnityl butyric acid 
(XVIII). This was cyclised by hydrogen fluoride to 
1:2:3:4 - tetrahydro-1-keto-2s3s5:6s7s8 - hexamethyl- 
naphthalene (XIX).

Reduction of this hexamethyl-tetralone (XIX), by 
the Clemmensen or Huang Minion procedure, gave, in 
poor yg/iLLd, the corresponding tetrahydro-hexamethyl- 
naphthalene (XX), but catalytic hydrogenation of the 
tetralone (XIX), followed by dehydration, gave a good 
yield of the corresponding dihydro-hexamethylnaphthalene 
(XXa). On dehydrogenation both these hydrocarbons(XX) 
and (XXa), afforded 1:2:3:4:6:7 - hexamethylnaphalene 
(XXI).

The tetralone (XIX) reacted with methyl magnesium 
iodide with difficulty, yielding the alcohol (XXII), 
which, on dehydration and dehydrogenation, gave 1:2:3:4- 
5:6:7 - heptamethylnaphthalene (XXIV).

On chloromethylation, the heptamethylnaphthalene 
(XXIV) gave the chloromethyl compound (XXV), which on 
reduction yielded octamethylnaphthalene (XII).

In another series of reactions,(see chart 
following page) prehnitene (XV) was condensed with 
methylsuccinic anhydride (XXVI), in the presence of 
anhvdrous aluminium chloride in s-tetrachloroethane



MiIC,

tar Itat

ta. cO0*
H —  c © X ^  '-r-Au.
I x o --- > \C\\ J|2._x 6

(*>) CkxvJi)

(X**)

ÎC.
(x>ociu)

( xrxTv'J'̂

C O O H

(X-KN/'lfJ

(.XXXV̂ J



solution, to give in good yield an acid regarded as 
^-keto-cA -methyl - prehnityl-butyric acid (XXVII) 
as the only isolable product. This, they stated, 
readily gave a 2:4 - dinitrophenylhydrazone and was 
easily reduced by Clemmensen1 s method to ck -methy 1-^^ - 
prehnityl butyric acid (XXVIII). In both these respects 
the behaviour of the keto-acid (XXVII) was in contrast 
to that of its homologue (XVII), and thus was regarded 
as supporting their view, that the methyl succinic 
anhydride had reacted to give the q (-methyl keto acid 
(XXVII) and not they<?-methyl acid.

The oC -methyl-^-prehnityl butyric acid (XXVIII) 
was converted, by a standard series of reactions, (see 
chart), to 1:2;3s4s6- pentamethylnaphthalene (XXXI).

In another standard series of reactions (see chart) 
the o(- methyl- ^-prehnityl butyric acid (XXVIII) was 
converted to a hexamethylnaphthalene, which, on the basis 
of the structure assigned to the acid, was considered 
to be 1:2;3:4s5:6- hexamethylnaphthalene (XXXV).

On chloromethylation of 1:2;3:4:6- pentamethyl­
naphthalene (XXXI), and on reduction of the chloromethyl 
compound (XXXII) formed, a hydrocarbon was obtained, 
which was distinct from 1:2;3:4:5:6- and 1;2;3:4:6:7- 
hexamethylnaphthalenes, and was thus considered to be 
1:2:3:4:5:7- hexamethylnaphthalene (XXXIII).



15.

Abadir, Cook and G-ibson now reacted 1s2s3s4s5s6- 

hexamethyl naphthalene (XXXV) with maleic anhydride 
(XXXVI) and obtained the adduct (XXXVII), which, on

(xxxu)

C H - C O
U >  C vA —co

(K<x: l/() ( KKK till)

cooH
Kooc

H o  OC

port

(X-KX Lf(li)

oxidation with alkaline potassium permanganate, yielded 
benzene - 1:2:3s4— tetracarboxylic acid (XXXVIII). This 
confirmed the structures assigned by them to the hexa­
methylnaphthalene (XXXV) and to the keto-acid (XXVII), 
because, if the isomeric -methyl ̂ - k e t o -  ̂  -prehnityl 
butyric acid had been obtained initially, it would have 
led to 1:2;3s4s5:7-hexamethylnaphthalene, the maleic 
anhydride adduct of which would have been oxidised to 
benzene - 1s2:3s5- tetracarboxylic acid or to mellitic 
acid.



Table of Constants of hydrocarbons obtained by 
Abadir, Cook and G-ibson.

U . a , . 7>tc/«Us; S-TN3. A-^O-TN-K

«S'°C

LC***0

n t ° c 1?7°C n/<°c.

:?£*“
i:5L-.V. A-.JT:G -
HMCXXMÛttvsj2/wc«̂ŝtt-weu 

IXXX {/)

m ° c

Iv̂JL

I6'7-/6?C / f t  c 181 °C,

1:3L: i-A*- ^-1 -  
H Ĉmsv*t£ĥ /ŷ cijJjhed&AA. 

CKXXAw)

iLo°c i s r c id7°C m ° c

^  ilu,
t+4.

\:MiU- GO -  

Ocx 0

\ t i ° c 190 ■fc j / r f c mot.

to. ^

CXKI Ĵ

iU °c

A<_

/ s u r e lio°c Afit

^  Ike

(L W
Oc£̂CM«vj6Ĵ Ĵ̂ £̂»̂LA.f̂V «JQlAa

cxny

i u ° c

i
f^oTG;- S

1931
- ttn.Sh S' T̂u/

i9 i -  m t

Qo*

109  c ,

I^jc .
(C:7_T./V̂  3 A:/;:7- T̂ JKctid̂ ux̂ £ kctoi. Gavî -GhC .
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Discussion.

The first main objective, in the synthesis of 2 - 
(1:3:4:5:6s7s8-heptam^hyl-naphthyl)-acetic acid (XIII), 
referred to earlier in the introduction (p."J )> was the 
preparation of 1s2s3:4s5:6s8-heptamethylnaphthalene (XIV). 
It was intended to prepare the desired acid (XIII) from 
this hydrocarbon (XIV) by chloromethylation in the only 
vacant position, replacement of the chlorine by cyano, 
followed by hydrolysis. It was also intended to 
prepare some octamethylnaphthalene (XII) by reduction of 
the chloromethyl compound of 1:2;3:4:5:6;8-heptamethyl- 
naphthalene by a similar procedure to that used by Abadir 
Cook and Gibson (p. )<3q) for the 1:2s3:4:5:6s7-isomer.

Our projected route to this hydrocarbon is shown on 
the following page.

Prehnitene ( X V ) ^ ^ ’^ ^  was condensed with - 
methyl-o( -allyl acetate (XXXIX) in the presence
of anhydrous aluminium chloride yielding ethyl -methyl- 

^-prehnityl valerate (XL) in good yield. The ester 
(XL) was hydrolysed with aqueous alcoholic caustic potash 
giving the corresponding acid (XLI) in excellent yield.

A sample of the acid (XLI) was oxidised to benzene 
pentacarboxylic acid, characterised as its methyl ester, 
which thus confirmed the orientation assigned to the acid 
(XLI).



to JJ

(*v)

C O O # "

+ cHuCHt

CH (V 
-CH2

(XX/X.IX)

to Ik
(*utj

to- A**.
(k m i i q )

Me.

(xw)

■/>
IV
to

fc, Cp<
to

to (V*.

(k I')

(auiJ

cooH

Oc
cooH

(>CUaJ



There was also isolated at this stage a little of 
a neutral by-product* Analysis indicated the empirical 
formula £1^ 22®* Although there was a peak in the ultra­
violet absorption spectrum at 270 mu, log E-267, which 
is similar to that of /^-tetralone, it showed no ketonic 
reactions, nor was there a carbonyl maximum in the infra­
red absorption spectrum. No further experimental work 
was carried out on this compound.

Cyclisation of the acid (XL1) was effected, in
excellent yield of 90$ of the theoretical by treating
the acid chloride with stannic chloride in benzene at
0°C. The yield of 2:4:5:6:7:8-hexamethyl-tetralone-1
(X111) isolated, was an improvement on the yields of

M o \Colonge and G-rimand,' ' who by the use of various 
cyclising agents obtained yields of from 12$ to 85$ of 
the theoretical for various related compounds.

The tetralone (XLII) formed a 2:4-dinitrophenyl- 
hydrazone only with difficulty, but did not form a semi- 
carbazone. The presence of the ketonic group was 
confirmed, by the infra-red spectrum, which exhibited a 
carbonyl maximum at 1673 cm , corresponding to a carbonyl 
group in conjugation with a benzene ring, and also by the 
ultra violet absorption spectrum, which was typical for 
an -t etralone (see table on following page).
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o A5L0 
$.£>'7 S'

3> or

/■37 
/< 07
3-37.Mfi.

(XUh)

o &(0
x$o
3oO0< ,

«£' /
A 07 
3*2.

The sluggish reaction with chemical reagents is 
presumably due to the highly hindered nature of the 
carbonyl group in the molecule,,

The next step in the synthesis involved the reaction 
of the tetralone (XLII) with methyl magnesium iodide.
In spite of many attempts, however, this reaction could 
not be effected. The reaction failed to take place 
even in boiling benzene for 40 hoursj the tetralone was 
recovered quantitatively.

It was thought that it ought to be possible to react 
the ketone (XLII) with methyl lithium. Various attempts 
were made but no success was entertained, even when the 
reaction was carried out in xylene or di-n-butyl ether, 
by refluxing for periods up to 40 hours, in a nitrogen 
atmosphere.



The entire failure of the ketone (XLII) to react 
with either methyl magnesium iodide or methyl lithium 
appears to be in conformity with its sluggish reaction 
towards 2s4 dinitrophenylhydrazine and semi-carbazide, 
but is still very surprising in view of the fact, that 
analogous compounds (see below) have been made to react 
under milder conditions than were employed in the above 
attempted reactions.

It is worthy of note, that the ketone (XL11) 
appeared to react towards methyl magnesium iodide and 
methyl lithium, and it may have been, that an enolisation 
reaction was occurring. It is known that enolate 
formation is competitive with normal addition, and
that the latter is subject to marked steric hindrance 
while the former, in general, is not.

The behaviour of the above four tetralones,(XLIV), 
(XLV), (XIX), and (XLII), towards methyl magnesium iodide 
and methyl lithium is most interesting.

The 2:5:6:7:8-pentamethyl-tetralone-1 (XLIV) reacts 
smoothly with methyl magnesium iodide or methyl lithium 
in benzene solution giving the normal addition product

[xuu) U lkJ

(see



The 3:5:6:7:8-pentamethyl-tetralone-1 (XLV) also 
showed reactivity towards methyl magnesium iodide, 
the normal addition product being obtained (p» %  ).

The 2;3:3:6:7:8-hexamethyl tetralone-1 ^ ^ ( X I X )  
reacted with methyl magnesium iodide with difficulty, 
after prolonged refluxing in benzene solution, yielding 
the normal addition product♦ fv

In the present work 2;4:5:6:7:8-hexamethyl tetra­
lone- 1 failed to react with either methyl magnesium 
iodide or methyl lithium, even under more drastic con­
ditions than either of the other three tetralones.

Professor Barton has suggested that this is
an example of the buttressing Effect*1 (^)»(26)^ 
direction of the effect is shown by the arrows in the 
case of the tetralones (XIX) and (XLII)* In the tetra­
lone (XLII) the buttressing Effect” of the methyl group 
in position 4 is apparently great enough to force the 
methyl groups in positions 5? 6, 7, and '8 to bend, 
towards the keto-group- in position 1, sufficient to 
block the normal addition reaction. This is in contrast 
to that of the methyl group, in position 3 of the tetra­
lone (XIX), whose Buttressing Effect is not great enough 

«

to prevent the normal addition reaction*
The failure of the tetralone (XLII) to undergo 

reaction with methyl magnesium iodide or methyl lithium 
rendered the suggested route (p. l?Q) abortive as a means 
of preparing 1:2:3:4:5:6:8-heptamethylnaphthalene.



civ fW * ^  18 CA ,
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It was thought that conversion of the tetralone 

(XLII) to 1s2;3:4s5:7-hexamethylnaphthalene would confirm 
the structure of the ketone and also afford another route
to 1:2:3:4:5:7-hexamethylnaphthalene (p. lAq).

The 2:4:5:6:7:8-hexarnethyl-tetralone-1 (XLII) (see
chart) was reduced by the Clemmensen method to 2:4:
5:6:7:8-hexamethyl-1:2:3:4-tetrahydronaphthalene (XLVI) 
and this on dehydrogenation with palladium charcoal (30%) 
at 320-330°C yielded a hexamethyl naphthalene with a typi­
cal naphthalene spectrum in the ultra violet. From the 
method of preparation this was assigned the structure 
1:2:3:4:5:7-hexamethylnaphthalene (XLVII). Surprisingly 
however the physical constants (shown below) of our 
hydrocarbon (XLVII) and its derivatives and those of the 
supposed 1:2:3:4:5:7-hexamethylnaphthalene and-its deri­
vatives prepared by Abadir, Cook, and Gibson  ̂*^(p. Uk ) 
were not in agreement.

cU OC-O/V̂) cTK /'V*\ ■ Rh /vw.j/d-.

R̂ cl/KXLccrflcM.

(Xml'll)
7g-?0°c

o - 'Wtjlk')
M-no°c in -m °c

Sû os-«cJL.

Oocx-nO MaJ

/Ao°c IS8°C m t

os-e cX.
, W Kl

[XXX <j) Cw 1 kcKj
8IS'°C i f v  / 6 ? t isrc.



As may be seen from the table, however, the physical 
constants of our hydrocarbon (XLVII) and those of Abadir’s 
1: 2s 3: 4-:5:6-hexamethylnaphthalene (XXXV) are very similar, 
and in fact mixed melting point determinations, of our 
hydrocarbon (XLVII) and. its molecular complexes with 
Abadirfs hexamethylnaphthalene (XXXV) and its derivatives 
respectively, showed no depression.

The method used by Abadir, Cook andmGibson in
the preparation of their hexamethylnaphthalene (p./A<0 
seemed at first sight to be unambiguous and it was thought 
initially that, in the present work, a methyl migration 

had occurred, in the "overcrowded” molecule (XLVI) 
during the high temperature dehydrogenation, with produc­
tion of the 1:2j3:4:5:6- isomer.

However the same hydrocarbon (XLVII) was obtained 
by reducing the ketone (XLII) with lithium aluminium 
hydride, dehydrating the resulting alcohol (XLVIII) to 
the dihydro-naphthalene (XLIX), and dehydrogenating this 
latter compound with palladium-charcoal (30%) in boiling 
1:2;4- trichlorobenzene at a temperature of 213°C. Methyl 
migration during dehydrogenation was thought unlikely to 
occur at such a low temperature as 213^C.

Another series of reactions was carried out w7ith 
our hydrocarbon (XLVII) in an attempt to establish the 
correct orientation of the methyl groups in the naphtha­
lene nucleus.
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Kloetzel etal have demonstrated a Diels-Alder
type reaction, between maleic anhydride and some methyl 
naphthalenes, with the formation of adducts of type ”0”. 
On oxidation with alkaline permanganate these adducts 
yielded benzene-carboxylic^acids.
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was established by Kloetzel and also by
Cook and Gibson that the maleic anhydride
to the ring with the most methyl groups and, 
is this ring which is destroyed in the oxidation.
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Our hydrocarbon (XLVII) reacted with maleic anhy­
dride to form an adduct (m.pt.147°C), and this on oxida­
tion with alkaline permanganate yielded an aryl acid,

point of this ester and an authentic specimen of the 
tetramethyl ester of benzene-1j2:3:5- carboxylic acid

As is shown schematically, above, 1:2s3:4:5:7-hexa- 
methylnaphthalene would be expected to yield benzene - 
1:2s3s5- tetra-carboxylic acid, by this sequence of 
reactions. While 1s2:3:4:5:6 -hexamethylnaphthalene 
should give benzene-1:2s3:4-tetracarboxylic acid. The 
evidence thus obtained by the above sequence of reactions 
appeared to confirm that our hydrocarbon (XLVII) was
indeed 1s2:3:4:5:7-hexamethylnaphthalene.

M 4 1However Abadir, Cook and Gibson v ' had character­
ised their 1s2s3:4:5:6-hexamethylnaphthalene (XXXV), - 
which appeared to be identical with our hydrocarbon(XLVII) 
-, by a similar sequence of reactions and had obtained 
benzene-1:2s3:4- tetracarboxylic acid, whose melting point 
was undepressed on admixture with an authentic specimen 
prepared by the oxidation of prehnitene.

whose methyl ester melted at 109-111°C. A mixed melting

(m.pt.110°C) showed no depression
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It seemed therefore that an unambiguous route to
1s2s3s4s5:6- and 1s2:3s4:5:7- hexamethylnaphthalenes was
desirable. The scheme envisaged is set out on the
previous page.

Prehnitene (XV) was condensed with acetyl chloride^^
in the presence of aluminium chloride in methylene chloride
solution giving acetyl prehnitene (LI) in good yield. This
was an oil whose 2s4 dinitrophenylhydrazone melted at
178-179°C, and its semicarbazone at 210°C-211°C (Lit.209°C).
A preparation of acetyl chloride has previously been given
by Claus and Ffihlisch (^1)^ ^ Q use£ carbon disulphide as
the solvent in the Friedel Crafts reaction. Abadir, Cook 

M 4 1and Gibson v ' employed this latter method to prepare 
acetyl prehnitene, but the melting point of the 2s 4- 
dinitrophenylhydrazone of their product was 155-156°C, 
and that of the semicarbazone was 203°C (Lit. 209°C).
The structure of the acetyl prehnitene (LI) obtained in 
the present synthesis was confirmed by oxidation with 
sodium hypoiodite to prehnitic acid (LII) (m.pt.
165-169°C; Lit.165°C, 169°C). Claus oxidised the acetyl 
prehnitene obtained by him to, what he supposed was, 
prehnitic acid, m.pt.150°C. The low melting point con­
firms the fact that his acetyl prehnitene was a mixture of 
isomers. The structure of the product (LI) was further 
confirmed by decarboxylation of the acid (LII) with soda-
lime to prehnitene (XV), characterised by its infra-red 
spectrum.
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Bromo-acetyl prehnitene (LIII) was obtained by 
brominating acetyl prehnitene in carbon tetrachlor­
ide solution. On oxidation of bromo-acetyl prehnitene, 
by sodium hypobromite (^3)  ̂ prehnitic acid (LII) was 
obtained, thus establishing that the bromine was in the 
designated position in the acetyl side chain.

On condensation of bromo-acetyl prehnitene (LIII) 
with methyl malonic ester, using sodium ethoxide as con­
densing agent, the diester (LIV), was obtained. This 
was hydrolysed with strong aqueous caustic potash to the 
dicarboxylic acid (LV), which was decraboxylated, afford­
ing the monocarboxylic acid, ol -methyl- ^ j ^ k e t o - - 
prehnityl butyric acid (LVI) (m.pt.129-130°C). This keto- 
acid did not form a 2:4-dinitrophenylhydrazone and its 
ethyl ester was a liquid.

Reduction of the keto-acid was achieved by the Huang- 
Minlon Procedure; o(-methyl-^-prehnityl butyric
acid (LVII) (m.pt.77-78°C) was obtained. Cyclisation of 
the butyric acid (LVII) was effected by treating the acid 
chloride with stannic chloride in benzene at 0°C, yielding 
2 : 5 : 6 s7 : 8 -  pentamethyl-tetralone-1 (LVIII) (m.pt.57-58°C). 
This exhibited a carbonyl maximum in the infra-red at 
1677 cm , which is typical for a keto-group in conjugation 
with a benzene ring.

Methyl lithium was prepared in the usual manner
and the tetralone (LVIII) was added in ether solution and
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refluxed for 6 hours, after which most of the ether was 
distilled off and benzene (dry) added and the refluxing 
continued for 3 hours. This method was adopted because 
of the expected hindered nature of the carbonyl function 
in the tetralone (LVIII). The product obtained, from 
the reaction, was 3s5:6 :7 :8-pentamethyl-1s2-dihydro- 
naphthalene (LX) (m.pt,89-90°C), the intermediate ter­
tiary alcohol (IJIX) having been dehydrated by the hydro­
chloric acid used to decompose the lithium complex formed 
in the reaction.

It was attempted to dehydrogenate the dihydro­
naphthalene (LX) by heating it with palladium charcoal 
(30%) in a stream of carbon dioxide. Evolution of hydro­
gen started smoothly at 280-285°C, but ceased before the 
half of the theoretical amount had been evolved. On 
raising the temperature to 325-330°C dehydrogenation 
recommenced but only very slowly. A mixture was obtained 
from the experiment which could not be separated but was 
thought to contain, 1:2:3:4s6- pentamethylnaphthalene and 
1:2:3:4:5s6-hexamethylnaphthalene, by the fact that the 
melting point of the mixture (m.pt.60-70°C) was raised on 
admixture with a pure sample of 1s2:3:4:6- pentamethyl­
naphthalene (m.pt.85°C)#

Dehydrogenation of the dihydro-naphthalene (LX) was 
finally accomplished by refluxing with palladium-charcoal 
in 1:2:4-trichlorobenzene (b.pt.213°C) in a stream of
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carbon dioxide for 17 hours; about half of the theoret­
ical amount of hydrogen was evolved. 1:2s3s4s5:6- 
hexamethylnaphthalene (LXI) was isolated, from the reac­
tion mixture through its s-trinitrobenzene complex, but did ] 
not crystallise well so it was further purified by dis­
tillation. The yield was about 50# of the theoretical.
The physical constants of this hydrocarbon (LXI) are 
shown in the table. It exhibited a typical naphthalene 
spectrum in the ultra-violet (shown opposite).

(.loci)

5 -r N S  a*:• ftvv. 'Wv. \ph'. fWi. fch

ki~ s'o°c 6-/^7°c

1:2:3:4: 5:6- 
hexamethylnaphthalene.
Note:- S-T.N.B. s s-trinitrobenzene complex.

2:4:7-T.N.F. = 2:4:7-trinitrofluorenone complex.
The palladium charcoal method of dehydrogenation

was chosen since it required less purification of the
product than the method using sulphur or selenium, in

urs 
(37)

spite of the fact that disproportionation^^ occurs
with the former thus lowering the yield. Mosby 
found that the more methyl groups present in the dihydro­
naphthalene, the greater was the difficulty in dehydro- 
genating it to the corresponding naphthalene. Abadir, 
Cook and G-ibson(^) do not appear to have encountered
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any such difficulty. The safest method is, however, to 
carry out the dehydrogenation in boiling 1s2:4-trichloro- 
benzene (b.pt.213°C), using palladium-charcoal as cata­
lyst since prolonged heating at 213°C is unlikely to 
cause any migration or elimination of methyl groups in 
overcrowded molecules.

The success of the above synthesis of 1:2:3s4s5:6- 
hexamethylnaphthalene encouraged us to attempt the syn­
thesis of the 1s2s3:4:5:7-isomer by a similar oute, shown 
opposite.

Prehnitene (XV) was condensed with propionyl chloride 
(LXII), in the presence of aluminium chloride in methylene 
chloride s o l u t i o n ^ t o  give propionyl prehnitene (LXIII). 
Propionyl prehnitene (LXIII) was brominated by the same 
method as had been used for acetyl prehnitene (p. <̂0 ); 
cK -bromo-propionyl prehnitene (LXIV) was obtained.

On attempted condensation of o(-bromo-propionyl 
prehnitene and malonic ester, using sodium methoxide as 
condensing agent, the expected diester (LXV) was not 
obtained. The liquid product on hydrolysis with aqueous 
alcoholic caustic potash gave prehnitic acid (m.pt.165- 
169°C), undepressed on admixture with an authentic 
specimen.

The condensation was attempted again, using sodium 
ethoxide as condensing agent, but a similar liquid product 
was obtained which gave rise to prehnitic acid on hydroly­

sis.
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The -bromo-propionyl prehnitene was recovered un­
changed on attempting to condense it with sodiomalonic ester 
in benzene solution. This suggests that the reaction has 
failed due to steric hindrance.

From the available evidence, it is suggested, that the 
liquid product, from the experiment using sodium methoxide, 
is Ol-methoxy propionyl prehnitene (LXVI) or 0(-hydroxy 
propionyl prehnitene (LXVIa) and from the experiment using 
sodium ethoxide is C^-ethoxy propionyl prehnitene (LXVII) 
or 0( -hydroxy propionyl prehnitene (LXVIa).

It is known that G(-hydroxy carbonyl compounds undergo 
re-arrangement and cleavage with strong alkali similar
to that observed in the case of compounds (LXVI) and (LXVII). 
Moreover, Stevens observed that on addition of alkali
to an alcoholic solution of an 0{ -hydroxy carbonyl compound 
an orange colouration was produced immediately; this was 
also observed in the case of the compounds obtained here.
The structures suggested for these compounds are further 
supported by the fact that both reduce Fehling*s solution 
and this is characteristic of compounds of type lfP !t̂ 38b)

c —  Cli -
IV *o

j ( R  =• H dY At j)

Both compounds exhibit a carbonyl maximum in the
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_ 1infra-red at 1723 cm , which corresponds to a saturated
ketone and not to a carbonyl group in conjugation with a 
benzene nucleus, which exhibits a maximum at about 1680

some steric factor interrupting resonance of the keto-
group and the benzene nucleus, causing the keto group to
absorb in the infra-red as a saturated one. Correct

analysis for C-j^HgQOg (LXVI), and £ ^ ^ 2 ^ 2  or
C1 -̂ H1 qO2 (LXVIa) were not obtained but this was probably
due to traces of impurities in both liquids.

The results obtained in this present synthesis will
(141now be compared with those of Abadir, Cook and Gibson v '

- 1 This abnormal carbonyl frequency may be due tocm

(.M/l) C [v

c v
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The <* -methyl- ^"-keto- ^-prehnityl butyric acid 
(LVI) obtained by our route (p $6q) did not show a dep­
ression of melting point on admixture with the so-called 

—methyl— ^ —keto— —prehnityl butyric acid (XXVII) 
obtained by Abadir, Cook and Gibson (p.j|4q )• How­
ever the ethyl ester of the keto-acid (LVI) was a liquid 
while that of the keto-acid (XXVII) was a crystalline 
solid (see chart). Non-identity was confirmed by com­
parison of the butyric acids (LVII) and (XXVIII) obtained 
by reduction of the corresponding keto acids. The 
tetralones, (LVIII) and (XXIX), also depressed the melting 
points of each other. A mixed melting point of our
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1:2:3s4:5:6-hexamethylnaphthalene (LXI) with Abadir's 
so-called 1:2:3:4:5:6-isomer (XXXV) showed a depression, 
this confirmed that they were not identical. The s- 
trinitrobenzene and 2;4:7-trinitrofluorenene complexes 
did not however show a depression of melting point on 
admixture respectively. It has been observed, however, 
in this present work that polymethyl naphthalenes as 
well as their derivatives do not always depress the 
melting point of each other if they melt about the same 
temperature (p./<3). The question now arises concerning 
the correct structures of Abadir’s compounds shown on 
previous table. On considering the method of synthesis 
of these compounds it was evident that the initial Friedel 
Crafts reaction (p.Mq) was not unambiguous and couldvgive
rise to two possible products (^)» namely, -methyl -
^p-keto- ^-prehnityl butyric acid (LVI) and /d -methyl -
^-keto- ^-prehnityl butyric acid (LXVIII) as shown 

below.

Since it has been shown unambiguously, that the 
cK-methyl isomer was not identical with the acid obtained 
by Abadir, Cook and Gibson, the latter must have been the



/$ -methyl isomer (LXVIII). The sequence of reactions 
shown below applied by Abadir, Cook and Gibson 
this acid would of course lead to 1;2s3s4:5?7-hexamethyl- 
naphthalene (LXXIII) and not to 1s2s3:4:5:6-hexamethyl- 
naphthalene which they supposed, they had obtained, and 
this was confirmed by the fact that their hydrocarbon 
was apparently identical with 1:2:3s4:5:7-hexamethyl- 
naphthalene prepared by our route (p.J?jta).

CooH

oH

( kx*l)

It must be concluded that Abadir has made an
error in his oxidation experiments which related his 
supposed 1:2:3:4s5:6-hexamethylnaphthalene (now shown to 
be the 1;2:3:4 :5:7-isomer) to prehnitic acid (i.e. benzene- 
1:2s3s4-tetracarboxylic acid)

From the foregoing evidence it must be concluded

that,
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the supposed 1:2:3:4s5:6- hexamethylnaphthalene (XXXV) 
(p. //ia) obtained by Abadir, Cook and Gibson^14) is 
1:2:3s4:5:7-hexamethylnaphthalene (LXXIII)^ (^.35^)^
(2)
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the compound (XXIX) (p. IAq.) obtained by Abadir, Cook 
and Gibson^14) is not 1s2s3s4-tetrahydro-1-keto-2:5^7:8- 
pentamethylnaphthalene but is 1:2j3s4-tetrahydro-1-keto- 
3:5:6 :7 :8-pentamethylnaphalene (LXX^ ( 3^ )
(3)

J

fVc

( x x v „ a  =
tOncrw^ -

the butyric acid (XXXVIII) (p./Za) obtained by Abadir,
Cook and Gibson (1^) is not o(-methyl - ^-prehnityl
butyric acid but is /^-methyl-/l^-prehnityl butyric acid

/ 0  ( ^ ^ ( L X I X )  .
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the keto-acid (XXVII)(p. /Aft) obtained by Abadir, Cook 
and Gibson is not <3^-methyl- ^"-keto- ̂  -prehnityl 
butyric acid but is -methyl- ^ -keto- ̂  -prehnityl
butyric acid (LXVIII)^ ( )*■ ^  J *

It is not possible to state definitely the structure 
of the compound (XXXIII) (p.Ma.) which Abadir, Cook and 
Gibson^1^  regarded as the 1:2:3:4:5:7-isomer. Neither 

is it possible to decide from the analysis (shown below) 
whether it is a hexa - or a heptamethylnaphthalene.
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Abadir, Cook and G i b s o n ^ ^  claim that the 1:2:3:4: 
6:7- hexamethylnaphthalene (XXI)(p. I3c{) and this hydro­
carbon depress the melting point of each other but a 
repeat of this was carried with their samples, which were 
to hand, and no depression was observed. This does not,
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however, allow any positive conclusion to be deduced as 
to the identity or non-identity of the compounds. There 
was insufficient of this hydrocarbon (XXXIII) to do an 
infra-red determination.

'V*s . -tvi
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It is suggested from a comparison of the physical 
constants (see table) of this hydrocarbon (XXXIII) with 
those of the 1:2:3s4s6 :7-hexamethylnaphthalene and the 
1:2 :3:4:5:6 :8-heptamethy1-isomer, that the hydrocarbon 
(XXXIII) is either impure 1:2s3:4:6s7-hexamethylnaph­
thalene or 1:2:3:4s5:6 :8 :-heptamethylnaphthalene or a 
mixture of both.

The effect of solvents in Friedel Crafts reaction is 
a most interesting and important phenomenon. Friedel 
Crafts reactions with mono-substituted succinic anhydrides 
and aromatic hydrocarbons generally result in the forma­
tion of two isomeric acids^^^ of the types shown below 
"Q*1 and *RM. The amount of each of the acids obtained

4-
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is determined largely by the solvent in which the reaction 
is performed* Some of the usual solvents are nitro­
benzene, s-tetrachloroethane, ethylene chloride and 
methylene chloride* It has been established by numerous 
examples in the literature^^ * * (42), ^hat, with
nitrobenzene as solvent, the isomer which predominates 
is invariably the one of type tfQw, i.e. the c^-R-isomer.

On using s-tetrachloroethane as solvent, however, 
the amount of the/5 -R-isomer is usually greatly increased
(i.e. type "RH). Baddar etal have carried out
experiments with methyl succinic anhydride and various 
hydrocarbons, to ascertain the ratio by weight of each 
isomer obtained when using nitrobenzene and s-tetrachloro- 
ethane as solvent respectively. They state that their 
results, some of which are shown below, show that the 
amount of the^-methyl isomeyincreases as the dielectric 
constant of the medium decreases.

SdlwJ- /Scoho

5 -  le ^ C v jc W c A o ^ iiv lA u . 3  I

/3 |
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Several theories and mechanisms have
been advanced to explain the experimental results but 
it is doubtful if sufficient is known, not only con­
cerning the effect of the solvent, but also of the 
hydrocarbon, which likewise affects the ratio of o( - 
isomer to^/3 -isomer, as may be seen from the foregoing 
results of Baddar etal, to justify the advancement of 
any of these meantime.

Abadir, Cook and Gibsonv ' condensed prehnitene 
with methyl succinic anhydride in the presence of anhy­
drous aluminium chloride with s-tetrachloroethane as 
solvent and obtained in 85% yield a homogeneous acid,

was unique to obtain only one product from such an experi­
ment it was decided to repeat the experiment using (a) 
nitrobenzene and {b) s-tetrachloroethane as solvent.
(a) A mixture was obtained with nitrobenzene as solvent, 

from which oL -methyl- ̂  -keto- ̂ -prehnityl butyric 
acid was isolated in 30% yield of the theoretical.

(b) Only one acid was obtained, with s-tetrachloroethane 
as solvent, which melted at 96.5-99°C and afforded 
an ethyl ester m.pt.66-67°C, and the latter melting 
point was undepressed on admixture with an authentic 
specimen of the ethyl ester of -methyl-^ -keto-
^-prehnityl butyric acid. On hydrolysis of the 

ethyl ester, the keto-acid melted at 112°C. A

which has been shown previously
methyl- )r -keto- A^-prehnityl butyric acid. Since it



mixed melting point determination with authentic 
^  -methyl- -keto- ̂  -prehnityl butyric acid 
(m.pt. 130-131°C, p. ) melted from 112-130°C.

The keto acid (m.pt.96.5-99°C) gave a sharp 
melting }>utyric acid (m.pt. 106-107°C), on reduction 
by the Clemmensen procedure, and the melting point 
of the latter was undepressed on admixture with an 
authentic specimen of/4 -methyl-^ prehnityl butyric 
acid (p.c>7). It would thus appear that the keto- 
acid (m.pt.96•5-99°C) is a homogeneous -methyl- 
^ - k e t o -  ̂  prehnityl butyric acid. The disparity 
in melting points of the various samples leads to 
the eondusion that the melting point of the keto- 
acid is not reliable.

This is a unique example of a Friedal Crafts 
reaction with methyl succinic anhydride and an 
aromatic hydrocarbon with s-tetrachloroethane as 
solvent, yielding only one product and that product 
being the^/4 -methyl isomer. (Compare Baddar*s results

p. 39 )•
Since the attempt to prepare 1:2:3:4:5:6:8-hepta- 

methylnaphthalene by the route shown on page /&. was un­
successful, the preparation was attempted by a different

MG')approach v ' shown on the following page.
o(— o(~Prehnitene (XV) was condensed with*methyl^allyl 

acetone (LXX1V) in the presence of aluminium chloride,
at 30-35°C, yielding 3-methyl-5-prehnityl-hexan-2-one(LXXV)•
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The infra-red absorption spectrum of the ketone (LXXV)
- 1exhibited a carbonyl maximum at 1710 cm , typical of a 

saturated ketonic group, and its structure was further 
confirmed by oxidation to benzene pentacarboxylic acid, 
characterised as its methyl ester.

The ketone (LXXV) was smoothly reduced, with lithium 
aluminium hydride to the corresponding alcohol (LXXVI), 
and this exhibited a hydroxyl maximum in the infra-red at 
3360 cm” .̂

Attempted cyclisation of the alcohol, by the method 
of Colonge and P i c h a t ^ ^  using concentrated sulphuric 
acid, yielded an oily product which exhibited no hydroxyl 
maximum in the infra-red. Numerous attempts were made to 
dehydrogenate the oil using palladium-charcoal, sulphur 
and selenium but all were fruitless. Oxidation of the 
oil gave an acid product which on treatment with diazo- 
methane yielded an uncrystallisable semi-solid gum. This 
confirmed that the oil was a mixture presumably containing 
ring closed and open chain compounds. The failure to 
dehydrogenate the oil suggests that it contains five- 
membered ring compounds.

Cyclisation of the ketone, 3-methyl-5-f>rehnityl- 
hexan-2-one (LXXV) was effected with polyphosphoric acid 
(44),(45)>(46 )̂  ^ mixture was obtained from which

1:2s3:4:5:6s8-heptamethylnaphthalene (LXXX) was isolated 
by crystallisation from benzene-petroleum/ ether (b.pt. 

40-60°). The physical constants of this hydrocarbon and
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its derivatives are shown below and its ultra-violet
absorption spectrum is shown opposite.

TtacJfc s-TtvB kk-l-TN-i-.4 /UA Ll- riMcJU, •.
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The infra-red and ultra-violet absorption spectra of the 
above two hydrocarbons (LXXX) and (XXI) although
similar, were not identical thus establishing that they 
were different compounds. Neither the hydrocarbons nor 
their derivatives respectively depressed the melting point 
of each other; this however does not establish identity or 
non-identity (see p.34).

The oily residue from the polyphosporic acid cyclisa­
tion was distilled. The ultra-violet absorption spectrum 
(shown opposite) of the oily distillate was very similar 
to that of indene (^7) and methyl indene The
presence of a compound containing a double bond in the 
distillate was further confirmed by the following tests,

(a) it decolorised bromine water
(b) it decolorised potassium permanganate solution.
(c) a colour was produced with tetramitromethanesolution.
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The oil analysed for C-jyl^g and not this
latter would be required for a compound containing a 
double bond with either of the structures (LXXXI) or

Numerous attempts were made to dehydrogenate the 
oil with palladium-charcoal, siijphur and with selenium

tion of the oil yielded mellitic acid (benzene-hexacar- 
boxylic acid), characterised as it^s methyl ester, and 
this confirmed the fact that the oil contained no open 
chain compounds.

It is suggested from the above evidence that the 
oil is a mixture of the indane (LXXXIII) and one or both 
of the indenes (LXXXI) and (LXXXII), (p.^Q.), which could 
be envisaged as being formed in the reaction in the follow­
ing manner.

(LXXXII), (p.b%).

at 310 and 360 C but no success was entertained. Oxida

O v o W  ̂2)
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The carbonium ion (LXXVa) can cyclise in two ways 
to produce the alcohols (LXXVb) and (LXXVe) in which the 
hydroxyl group is axial and equatorial respectively*

In the alcohol (LXXVb), in which the hydroxyl group 
is axial, trans elimination (49)>(50) 0p wa^er can take 

plaee in the usual manner to yield the corresponding 
dihydro-naphthalene (LXXXa).

If, however, the hydroxyl group is equatorial as 
in the alcohol (LXXVe) then trans elimination of water 
cannot take place. The four centres, designated by 
"•tt, in structure (LXXVe), lie in one plane and a 1:2 
shift (49) >(50) can .̂a .̂e piace accompanied by ring 

contraction producing the carbonium ion (LXXVf). The 
latter can stabilise itself by the expulsion of a pro­
ton and the migration of a methyl group, as shown; the 
indene (LXXXI) or, by migration of the double bond into 
the ring, the indene (LXXXII) or a mixture of both is 
produced.



The 1:2:3:4:5:6:8-heptamethylnaphthalene (LXXX) 
and the indane (LXXXIII) (p.A2c) can be formed from the 
mixture of the dihydro-naphthalene (LXXXa) and one or 
both of the indenes (LXXXI) and (LXXXII) by a hydrogen 
transfer reaction from the dihydro-naphthalene to the 
indenes.

The first main objective, namely, the synthesis of 
1:2:3:4:5:6 :8- heptamethylnaphthalene, having been 
achieved, the field was now set for the attempted syn­
thesis of 2-(1:3:4 :5:6 :7 :8-heptamethyl naphthyl)-acetic 
acid (XIII) and of octamethylnaphthalene (XII) (p. II)*
The projected route to these compounds is shown on the 
following chart.

1:2:3:4:5:6 :7-heptamethylnaphthalene has been
chloromethylated in the only vacant position, namely ol ,

M 4 1by Abadir, Cook and Gibson v '• Numerous attempts were 
made to chloromethylate 1:2 :3 :4:5:6 :8-heptamethylnaphtha- 
lene (LXXX) in the only vacant position, namely/'*? , 
by the method used by these authors, but the starting 
material was recovered unchanged. The reaction conditions 
were varied but even when hydrogeryihloride gas was passed 
continually through the solution for three hours duration, 
at intervals of about 17 hours, for periods up to 100 

hours, no chloromethyl compound was formed. The tempera­
ture was also varied but no success was entertained; the 
starting material was recovered unchanged or a gummy
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material was formed which yielded no aromatic hydrocarbon
on shaking it in cyclohexane solution with palladium-
charcoal in an atmosphere of hydrogen. Although the
/?> -position of 1:2:3s4:5:6:8-heptamethylnaphthalene
(LXXX) is not so sterically hindered as the -position
of 1s2:3:4:5:6:7-heptamethylnaphthalene (XXIV) it is not
so reactive. The greater reactivity of the -position
must have accounted for the success of Abadir, Cook and 

M / nGibson v 7 in preparing the chloromethyl compound of the 
1:2:3:4:5:6:7- isomer.

The failure to chloromethylate the heptamethylnaph­
thalene (LXXX) now blocked the proposed route to the 
octamethylnaphthalene (XII) and to the naphthyl-acetic 
acid.(XIII)

An attempt was made to prepare the desired -fXiii*)- 
naphthyl-acetic acid (XIII) through the acetyl compound 
(LXXXIV) by means of a Willgerodt reaetion^^, but the 
tyeptamethylnaphthalene (LXXX) proved to be too highly 
hindered to be acetylated^^ even under various experi­
mental conditions.

(15}Since the methyl groups in octamethylnaphthalene' 7
lie trans to each other alternatively above and below the
plane of the naphthalene nucleus, it may be possible to

(131resolve this by the method of Newman v 7.
Because of the difficulties encountered in intro­

ducing a further substituent into the heptamethylnaph- 
thalene (LXXX), the possibility of obtaining octamethyl-
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naphthalene itself, by the method employed to prepare the 
heptamethyl compound, was investigated.

The projected route to octamethylnaphthalene is set 
out below.

A* o =
fW H ta-

r CH V'

(V.Kx^ v/lvi)

"7
py, /v*_

\J((\

(compare with route to heptamethyl isomer p./ricf).
It was intended to prepare the allyl ketone (LXXXVIII)

<*- o{-by a similar method to that used for/\methylAallyl acetone 
(p &!-%?) • Methyl acetoacetic ester on condensation with 
2-bromo-but\ene, followed by hydrolysis and decarboxylation 
in the usual way, should give the desired allyl ketone 
(LXXXVIII) as is shown below.
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Theoretically 2-bromo-3-butene (LXXXIX) could be
prepared from the corresponding alcohol, 3-butfen-2-ol,
which is available commercially, but from the literature 
(54 (55)' ’' ' i t  was found that this method of preparation in
practice requires specialised low temperature apparatus. 
This is due to the fact that thermal rearrangement of the 
2-bromo-3-butene (LXXXIX) occurs at room temperature with 
the production of 1-bromo-2-butene (XC), an equilibrium 
being produced.

CH -  CH -c«3 C H CH =CH ~ C H f o r
ky
(x) (

Owing to the difficulty of preparing 2-bromo-3-butene 
(LXXXIX) the proposed route was abandoned.

The preparation of the 3s4-dimethy1-5-prehnityl 
hexan-2-one (LXXXVII) (p. J-jt ) was now attempted by another 
route, which is outlined on the opposite page.

Acetyl prehnitene (11) was prepared by the method 
described on page 73 • It was reduced with lithium 
aluminium hydride to the corresponding alcohol (XCI) 
which was brominated with phosphorus tribromide, giving 
o(-bromo-ethyl prehnitene (XCII) in good yield. This 

latter compound was thermally unstable and if it was 
distilled above 120°C hydrogen bromide was evolved and a 
hydrocarbon was obtained with empirical formula

The ultra-violet absorption spectrum of this hydrocarbon
(shown overleaf)
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was very similar to that of 9-10 dihydro-anthracene (56)

but all attempts to dehydrogenate it to an anthracene 
failed, even with selenium at 360°C*

An attempt was now made to react the bromide with 
methylacetylacetone ((XCVII ) through the magnesium 
compound (XCIII). None of the desired product (C) (X=0) 
was obtained but a hydrocarbon, 2s4-diprehnityl-3-niethyl- 
pent-2-ene (XCVI) was isolated from the reaction mixture. 
This could be regarded as being formed in the reaction in 
the following manner.
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The magnesium complex (XCIII) can react with one 
molecule of methylacetylacetone (XCVII) in the normal 
manner with the formation of the magnesium derivative 
(CII) (see chart). This latter can cleave by the move­
ment of electrons in the direction shown by the arrows 
with the production of the ketone (CIII) and the magnesium 
derivative (CVI). The ketone (CIII) can then react with 
another molecule of the magnesium complex (XCIII) and this 
produces the hydrocarbon (XCVI) in the manner shown. The 
production of this hydrocarbon was not entirely unexpected 
since Kohler and Erickson (59) have shown that mono­
substitution products of simple/^ -diketones cleave in 
the above manner. They found however that the magnesium 
complex of type (CII) could sometimes be stabilised by 
working at low temperatures. In this present work the 
experiment was carried out at -80°C but the hydrocarbon 
(XCVI) was produced and none of the desired product (C)



It was thought that if the mono-hemi-thioketal of 
methylacetylacetone (XCVIII) was used instead of methyl- 
acetylaceton# that the magnesium derivative (CVIII) (see 
below) formed initially would be unable to cleave by the 
method shown above for the magnesium derivative (CII). 
The Inverse Grignard was carried out at -80°C but, 
surprisingly, the same hydrocarbon (XCVI) was obtained, 
and none of the desired compound (C) (X=!^^> )

Presumably the magnesium derivative has beffti unstable 
and immediate cleavage has occurred similar to the 
previous case with methylacetylacetone.

The same hydrocarbon (XCVI) was also obtained when 
the mono-ketal (XCIX) was employed in the Inverse Grignard 
reaction.

The reaction was also attempted with the Lithium 
complex (XCIV) and the mono-ketal (XCIX); again however 
the hydrocarbon (XCVI) was obtained.

(i.
An ~
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(5 7 )Recently Wittig etalw  ' have condensed methyl 
bromide (CIX, R= CH^) with a ketone through the forma­
tion of the phosphorus complex (CX, R^Ci^)* The bromide 
forms a salt with Wittig’s R e a g e n t ( t r i p h e n y l  
phosphine), and the salt on treatment with butyl lithium 
or phenyl lithium gives the desired complex (CX^-c/^), as 
shown below.

© ©
“R f c r  +- ------ » r ? ( B L ) 3 'Bv

3 u,£t cA' ft.il.

I
(T̂

c4- >C = 0I

<?' ^ C = £ / +- o  = ?CftJ3

The phosphorus complex (CX) reacts with ketones with
the formation of triphenyl phosphonium oxide and compounds
of type (CXI).

An attempt was made to react the bromide (XCII) with
the mono-ketal (XCIX) through the phosphorus complex (XCV)

(x«Eii2>)
but none of the desired compound (Cl) (p./r^Q )y\ was obtained.

It may be concluded that this method of approach to 
the synthesis of 3:4-dimethyl-5- prehnityl-hexan-2-one 
(LXXXVII) (p./ftq) is not practicable.

Some interesting work has been published on the



comparison of naphthalenes with the corresponding benzenes 
in the infra-red (51,(52)^

Werner e t a l ^ ^  have studied naphthalene substitution 
in relation to the infra-red spectrum and have stated that 
the rules based on benzene substitution are generally 
valid for groups of two or three or four hydrogen atoms 
in the naphthalene nucleus, although substituents which 
tend to interact with the ring tend to widen the limits 
within which a band may be expected to fall. In the case 
of a single hydrogen atom the relevant bands are often 
weak and their position variable*

The strong peaks due to the C-H bending vibrations 
in the region 600-900 cm in the infra-red spectra of 
some polymethylnaphthalenes are shown below, along with 
those of the corresponding polymethylbenzenes.
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It is quite evident that there is a relationship 

between each of the naphthalenes and the corresponding ben­
zenes and that the rules fo^the benzenoid compounds apply 
to the naphthalenes. Thus, prehnitene and 1s2:3s4s5:6- 
hexamethy1-naphthalene (LXI) show a band about the same 
position due to the pair of ortho-hydrogens in each compound 
(see table).

Similarly isodurene and 1:2s3;4 ;7-hexamethylnaph­
thalene (XXXI) exhibit a maximum about the same position due 
to the pair of meta-hydrogens in each compound.

Also durene and 1:2:3:4:6:7-hexamethylnaphthalene (XXI) 
exhibit a maximum about the same position due to the two 
para-hydrogens in each compound. This peak is not however 
as characteristic as the peaks due to meta- and ortho­
hydrogens, since the para-hydrogens vibrate as single hydro­
gens and not as a pair. It is thus not possible to dis­
tinguish between single and parahydrogens by this peak in 
the infra-red, but it does show that the compound (XXI) 
does not contain meta- or ortho-hydrogens.

This data further confirms the structures of the above 
polymethylnaphthalenes.



Summary.
1:2:3:4s5:6- Hexamethylnaphthalene and 1:2:3:4:5:6:8- 

heptamethylnaphthalene have been prepared and characterised 
for the first time.

(141The compound regarded by Abadir, Cook and G-ibson' '

as 1s2s3s4s5s6- hexamethylnaphthalene has been shown to be
1s2:3s4s5s 7~hexamethylnaphthalene 0

It is suggested that the compound regarded by Abadir,
Cook and Gibson as 1 s2s3s4s5s7-hexamethylnaphthalene
is probably impure 1:2:3s4:6:7-hexa or impure 1s2:3s4s5s
6 :8-heptamethylnaphthalene or a mixture of both.

Several attempts have been made to prepare octamethyl-
naphthalene by a different route from that used by Abadir,

(141Cook, and Gibsonv '.
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Appendix.

The following reaction was investigated as a possible 
route to polymethylnaphthalenes.

dimethy1-hexane (CXII) (1g) with benzene (2*16 gins) in the 
presence of aluminium chloride (0.445gm) and obtained a 
liquid which by analysis they concluded to be 1:1,4:4- 
tetramethyl (-1:2:3:4-tetrahydronaphthalene (CXIII) They 
obtained a solid hydrocarbon however when only a catalytic 
amount of aluminium chloride (.0278gm) was used which they 
concluded by analysis to be the dicondensation product 
1:1,4:4,5:5>8:8-octamethyl-1:2:3:4:5;6:7:8-octahydroanthra- 
cene (CXIV). It was thought that if it was possible to 
dehydrogenate these two compounds (CXIII) and (CXIV) the

yabove reaction might provide a suitable route to polymeth^.1 
naphthalenes and anthracenes as well as establishing 
definitely the structures of compounds (CXIII) and (CXIV)

condensed 2:5-dichloro-2:5'
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2:5-dichloro-2:5-dimethyl hexane was prepared from 
2:5-dimethyl-3-hexyn-2:5-diol which was kindly given 
to us by I.e.I. Billingham Division.

The compounds (CXIII) and (CXIV) were prepared by 
the method of Bruson and Kroeger^^. Several attempts 
were made to dehydrogenate them, but even with selenium, 
at 400°C for 100 hours in a sealed tube, they were re­
covered unchanged.

The presence of gem-dimethyl groups was confirmed 
in both compounds by the presence of the following 
characteristic peaks in the infra-red absorption spectra, 

compound (CXIII) 1386 cm“ \  1364 cm~^.
compound (CXIV) 1400 cm~\ 1380 cm"”\

The ultra-violet absorption spectrum of compound
(CXIV) (shown opposite) was similar to that of octa- 
hydroanthracene^^ ̂ .

It would thus appear from the evidence obtained that 
the compounds (CXIII) and (CXIV) have the structures 
assigned to them by Bruson and Kroeger. Further work 
was abandoned on the publication of a paper by Barclay 
and Betts who obtained the hydrocarbon (CXIV) by
alkylation of 1s3:5-tri-t-butyl benzene with t-butyl 
chloride. They record that great difficulty was exper­
ienced in attempting to dehydrogenate -the it to the cor­
responding anthracene. With palladium-asbestos at
420°c in a sealed tube they obtained a little of a
compound which exhibited an anthracene spectrum in the 
ultra-violet.
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An attempted novel synthesis of 1:2:3s4:5s8-hexamethyl
naphthalene.

The preparation of 1:2:3s4s5s8-hexamethylnaphthalene
( 17\(CXV)v ' was attempted by the following method with a 

view to extending the latter to the synthesis of other 
polymethylnaphthalenes.

Dann, Kokonudz and Gropper^^^ had condensed acetonyl- 
acetone with 2:5-dimethylthiophen, in presence of anhy­
drous hydrogen fluoride in a bomb at 100°C for three hours, 
giving 1:4-dimethy1-2s3-(11s4f-dimethyl-)-benz thiophen
(cxv).

«r° J
' -f- I \L/C' o
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The reaction was attempted under similar conditions 
with acetonyl acetone and prehnitene (XV). A mixture 
was obtained from which no pure product could be isolated.
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Two main factions were separated by distillation

leaving a residue of tars.
The first fraction melted over a range of 55-90°C 

and formed an orange-brown picrate (long needles, m.pt. 
158-165°C). The ultra-violet spectrum did not yield any 
definite evidence as to the molecular structure of any 
of the components of this mixture.

The second fraction formed a picrate (m.pt•194-195°C) 
which analysed correctly for a hexamethyl naphthalene.
The hydrocarbon recovered from the picrate melted over a 
range of 145-160°C, and was evidently a mixture. It also 
formed a styphnate (m.pt•194-195°C) but again on recover­
ing the hydrocarbon it melted over the same range 145- 
160°C. The second mixtureexhibited a typical naphthalene 
spectrum in the ultra-vi&let (shown opposite).

The experiment was not pursued any further although 
experimental conditions probably could be varied to give 
a pure product.

We have to thank Mr. Kflhn and Mr. Schulz-Kiesow who 
arranged for this reaction to be carried out at the fac­
tory of Rutgers-Werke A.G.

 0O0—
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PART I.
Experimental

Preparation of Ethyloxalylpropionate.
Ref .Org.Syn., V7, 54.

Ether (600ccs.) (dry) was added to powdered sodium 
(41 gms.), followed by the dropwise addition of absolute 
ethanol (80.5 gms., dry) to the stirred mixture. There­
after the whole was stirred and refluxed for several hours 
till all the sodium had completely reacted. The mixture 
was now immersed in an ice-vater bath and a mixture of 
ethyl,propionate (199 ccs.) and ethyl oxalate (236 ccs) 
was added slowly so that the ether did not reflux. The 
ether and the alcohol, formed in the reaction, were 
removed by heating the mixture on a steam bath, the dis­
tillation being stopped when a yellow scum began to be 
formed on the surface of the liquid. The mixture was 
allowed to stand with acetic acid (350 ccs., 33%) for 
several hours, with occasional shaking, in order to de­
compose the sodium derivative which had crystallised. The 
whole was extracted v;ith ether and the ether extract washed 
with water, and sodium bicarbonate solution and water and 
dried. On removal of the ether, ethyl oxalylpropionate 
(157.3 gms.) was obtained on distillation of the residue 
at 140°C/ 22mm. The yield was 45% of the theoretical.



Preparation of Ethyl methylmalonate.
Ref. Org.Syn. V7, 56.

Ethyl oxalylpropionate (157.3 gms.) was heated to 
160°C when a vigorous evolution of carbon monoxide com­
menced. The temperature of the liquid was gradually 
raised to 190°C as the gas evolution diminished and 
refluxed till no more gas was evolved. On distillation 
ethyl methylmalonate (126 gms.) was obtained at 190°C/ 
744-747 mm. The yield was 93.2% of the theoretical. 
Preparation of Ethyl methylallylmalonate.

Ref. Paul; Ann. Chim., 1932, _18, 331 
Colonge, Grimand; Bull.Soc.Chim., 1951» 439.

Dry ethyl methylmalonate (126 gms.) was introduced, 
with cooling to sodium ethoxide, prepared by dissolving 
sodium (18.1 gms.) in alcohol (dry, 202 gms.). The 
stirred mixture was then heated by an easily removable 
water bath to 60°C and allyl bromide (96.2 gms) was added 
in small portions. The solution was then heated on the 
steam bath to remove the alcohol as completely as possible 
and the residual liquid treated with water and extracted 
with ether. The ether extract was washed with water and 
dried. On evaporation of the ether and distillation of 
the residual liquid the ethyl methylallylmalonate (136.7 
gms.) was obtained at 122* C/ 35 mm. The yield was 88.2% 
of the theoretical.



Preparation of Methylallylacetic acid.
Ref. (see previous experiment).

Ethyl methylallylmalonate (136.7gms.) was added 
slowly to a fresh very concentrated solution of potassium 
hydroxide (76.5 gms.) in a round bottomed flask, which 
was heated on the steam bath to initiate the reaction. A 
compound, the mono-potassium salt crystallised, but went 
into solution again as more of the ester was added and as 
the reaction proceeded.

The mixture was heated gently for about two hours on 
the steam bath. The alcohol was distilled, whereupon 
the di-potassium salt crystallised on cooling. Concen­
trated hydrochloric acid was added till the solution was 
acid to litmus, the mixture filtered free from precipita­
ted potassium chloride and the filtrate was extracted 
with ether.

The ether extract was washed with water and dried 
and the ether evaporated. Methylallylacetic acid 
(61.3 gms.) was obtained on distillation at 180-190°C.
The yield was 84.2% of the theoretical.
Preparation of Ethyl methylallylacetate.

Methylallylacetic acid (61.3 gms.) was dissolved in 
benzene (dry, 55 ccs.) and mixed with a previously cooled 
solution of concentrated sulphuric acid (17 gms.) in 
ethanol (95%, 42 ccs). The whole was mechanically 
stirred for ninety hours. The benzene layer was separa­
ted and washed with water and sodium bicarbonate solution
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and water and dried* On evaporation of the benzene 
ethyl methylallylacetate (52.5 gms.) was obtained at 
153-155°C. The yield was 69% of the theoretical. 
Preparation of Pentamethyl Benzene.

Ref. Smith, Org.Syn., 1930, 10, 32.
Abadir, Ph.D.Thesis, Glasgow Univ.1951, 
p.78.

Freshly pulverised aluminium chloride (350 gms.) was 
added to a mixture of mesitylene (350 gms.) and m-xylene 
(800 gms.). The mixture was heated on the steam bath 
and methyl chloride gas was bubbled through it for 35i 
hours under a slight pressure(10 cm. of mercury). The 
reaction mixture was decomposed with ice and concentrated 
hydrochloric acid, and the organic material extracted 
with benzene, and benzene extract washed with water and 
dried in the usual manner. Pentamethyl benzene (1157gms.) 
was obtained on distillation of the crude product, dis­
tilling at 230°C-235°C. Some hexamethyl benzene was 
also obtained.
Preparation of Prehnitene.

Ref. Smith Lux, J.A.C.S.,1929,51,2994. 
pentamethyl benzene (389 gms.) was heated to 65°C 

and to the resulting oil was added with vigorous stirring 
cold concentrated sulphuric acid (1050 ccs.). The mix­
ture was allowed to stand at room temperature for 36 hours. 
It was then further cooled to 0°c by means of an ice salt 
bath and crushed ice added with stirring, and the mixture



filtered at 0°C. The filter cake was leached out 
thoroughly with cold water and the resulting suspension 
filtered. The precipitate consisted mainly of hexamethyl 
benzene and by-productswhile the combined filtrates con­
sisted of a water solution of prehnitic sulphonic acid 
and sulphuric acid.

The sulphonic acid was converted to its calcium salt 
by the addition of calcium carbonate till effervescence 
ceased. The calcium sulphate which precipitated was 
filtered, washed thoroughly and discarded. The calcium 
salt was converted to the sodium salt by the addition of 
sodium carbonate solution to the combined filtrates till 
the precipitation of calcium carbonate was complete. The 
calcium carbonate was filtered, washed with water and 
discarded. On evaporation of the combined filtrates to 
dryness sodium prehnitene sulphonate was obtained.

Sodium prehnitene sulphonate was hydrolysed to prehn­
itene by the method of flash hydrolysis. A 1 litre, 3 
necked round bottomed flask was fitted with a dropping 
funnel, thermometer, inlet for superheated steam and outlet 
for distillation. The flask was charged with water (100ccs) 
and immersed in an oil bath at about 200°C. Superheated 
steam was passed through and concentrated sulphuric acid 
was added till the temperature of the dilute acid in the 
flask reached 150°C-160°C. A saturated water solution of 
sodium prehnitene sulphonate was added at such a rate that



the temperature of the acid mixture remained between 
140°C-150°C. The hydrolysis took place rapidly and the 
hydrocarbon was distilled out immediately in the current 
of steam. Prehnitene (63.5 gms.) was obtained as a light 
yellow oil.
Condensation of Prehnitene (XV) and Ethyl methylallylacetate

(XX XIX)
Ref.Colonge,Grimand,Bull.Soc.Chim.1951,439.

Ethyl methylallylacetate (45.3 gms.) was added drop- 
wise to a stirred mixture of prehnitene (45.6 gms.) and 
powdered anhydrous aluminium chloride (64.5 gms) at about 
35°C. After four hours the complex was decomposed with 
ice and hydrochloric acid and the organic layer extracted 
with ether. The ether extract was washed with dilute 
hydrochloric acid and sodium bicarbonate solution and water 
and dried. Ethyl oC -methyl-^-prehnityl valerate (XL) 
(77.55 gams) was obtained, distilling at 198-200°C/ 23 mm.
The yield was 88% of the theoretical and the product analy­
sed correctly for (Found C78.4%; H1CI03%|
Requires C-78.21%; H*r10.21%).
Preparation of cL -methyl-^-" -prehnityl valeric acid (XLI) 
by hydrolysis of the ethyl ester (XL).

The above ester (77.55 gms.) was hydrolysed by re- 
fluxing with aqueous alcoholic potassium hydroxide (20 gms., 
20%) for five hours. A neutral fraction (4 gms.) was 

isolated, melting at 47-48°C, having an empirical formula 
of ci6H22° (Found C83.24%5 H9.35%; Requires C-83.43% H9.63%).



The acid, -methyl-^-prehnityl valeric acid (70 gms.) 
was isolated in the usual way, melting at 76-90°C 
(Found C77.17%; H.9.82%; Requires for C 16H2402 C-77.37%;
H-9.74%). The yield was 92% of the theoretical.

The structure of the acid was confirmed by oxidation 
to benzene pentacarboxylic acid. -methyl-^-

prehnityl valeric acid (0.2 gm) was heated to 175-180°C 
in a sealed tube for 6 hours with concentrated nitric 
acid (1.5 ccs.) and water (3 ccs.). On evaporation of 
the water the residue was treated with excess ethereal 
diazo-methane solution, yielding the pentamethyl ester of 
benzene pentacarboxylic acid which crystallised from 
methanol, m.pt. 14-3.4— 146°C, undepressed on admixture with 
authentic specimen.
Cyclisation of ci -methyl- Jp-prehnityl valeric acid (XLI) 
to 2;4:5:6:7:8-hexamethyl~tetralone~1.(XLII)

Ref. Organic Reactions, Vol.II, 136.
Wilds,J.A.C.S., 1942, 64^ 1421.

Phosphorus pentachloride (47.7 gms.) was added in 
portions to a stirred solution of the acid, -methyl- 
^p-prehnityl valeric acid (53 gms.) in dry benzene 
(220 ccs.), in a flask, protected from moisture by a 
calcium chloride tube, and immersed in an ice-water bath. 
After the addition of all the phosphorus pentachloride 
the solution was allowed to stand at room temperature for 
1 hour and then heated on a steam bath for five minutes 
to ensure completeness of reaction.
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Stannic Chloride (anhydrous, 52.4 ccs.) in benzene 
(dry, 52.4 ccs) was added dropwise to the stirred mixture 
at 0°C. The mixture was stirred for 45 minutes at 0°C 
and then decomposed with ice and hydrochloric acid. After 
separation of the organic layer, by extraction with benzene, 
it was washed with several portions of hydrochloric acid 
(5%) and sodium hydroxide (5%), and water and dried. The 
crude product was distilled, 2:4:5:6:7:8-hexamethyl- 
tetralone-1(39 gms.) being obtained (b.pt.212°C/ 26mm.).
On crystallisation from methanol it melted at 62-63°CXFound 
C-83.4%; H-9.5%; C'jgH 22° required, C-83.43%; H-9.63%). The 
yield was 80% of the theoretical. The 2 s 4-dinitrophenyl- 
hydrazone derivative melted at 167-168°C. (Found, N-13.90%;

C22H26°4N4 re(luires N-13.65%).
Attempted preparation of 1s3:4s5:6s7:8-Heptamethyl-1s2- 
dihydro-naphthalene (XLIIIa).

Ref. Abadir, Cook, Gibson, J., 1955» 8.
(a) The above tetralone (XLII) (1 gm.) was added in ether 
solution to a Grignard solution prepared from methyl 
iodide (2.6 gms.) and magnesium turnings (0.445 gm.) and 
ether (40 ccs.) The ether was removed and replaced by 
pure benzene and the mixture refluxed for 40 hours. The 
tetralone was recovered unchanged from the reaction mixture.

The above tetralone (1 gm.) was added in ether solu­
tion to a solution of methyl lithium, prepared from methyl- 
iodide (1.42 gms.) and lithium (.14 gm), in ether and the 
whole refluxed for 4 hours in a nitrogen atmosphere.



Again the tetralone was recovered unchanged from the 
reaction mixture.
(c) A similar experiment to (b) was carried out but 
after the addition of the tetralone the ether was dis­
tilled off and pure dry xylene (30 ccs) added and reflux- 
ing was continued for 40 hours in a nitrogen atmosphere. 
Once again the tetralone was recovered unchanged.
(d) This experiment was identical to (C) but di-n- 
butyl ether (b.pt.140°C) was added instead of xylene. 
However, no success was entertained, the tetralone being 
recovered unchanged.
Clgnunensen Seduction of 2:4:5:6:7:8-hexamethyl-tetralone-1

Ref.Martin, J.A.C.S., 1936, 58, 1438. (3al1)
The above tetralone (0.32 gm.) was added to a mix­

ture of amalgamated zinc (1 gm.), water (.75 ccs), con­
centrated hydrochloric acid (1.75 ccs.), and toluene 
(1cc). The mixture was refluxed vigorously for 24-hours, 
three positions of concentrated hydro-chloric acid (0.5cc) 
being added at intervals of about 6 hours. The cooled 
liquid was extracted with benzene and the extract washed. 
On evaporation of the benzene 2:4:5:6:7:8-hexamethyl- 
1:2:3:4-tetrahydronaphthalene (XLVI) (.239 gm) was 
obtained.
Dehydrogenation of 2;4:5:6:7:8-hexamethyl-1:2;3:4- 
tetrahydronaphthalene (XLVI).

The above crude tetrahydronaphthalene (.239 gm) was 
dehydrogenated by heating with palladium-charcoal (30%),
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prepared by the method of Linstead and Thomas i in 
a stream of carbon dioxide at 325°C approximately. The 
resulting 1:2;3;4:5:7- hexamethyl-naphthalene (XLVII)
(.12 gm) purified through its picrate, crystallised from 
cyclohexane (m.pt.78-80°C, micro-melt.) (Found C-90.44%; 
H-9.53%; C1gH2Q requires, C-90.5%; H-9*5%)* Its picrate 
had m.pt. 169-170°C (Found H-9.42%, C^H^CgH^OyN^ requires 
N-9.5%); and its 2:4:7 trinitrofluorenone complex had 
m.pt. 181-182°C. The yield of hexamethy1-naphthalene 
was 50% of the theoretical.
Reduction of 2:4:5:6:7:8-hexamethyl-tetralone-1 (XLII) 
with Lithium Aluminium Hydride.

Ref., Org.Reactions, Vol.6 , 469,
Nystrom, Brown, J.A.C.S.1947, 69, 1197.

The tetralone (1 gm.) was added dropwise to a slurry
of lithium aluminium hydride (0.17 gm.) in ether (dry) so 
that the ether gently refluxed. The mixture was refluxed 
for two hours after the addition of the ketone, and allowed 
to stand overnight. Excess lithium aluminium hydride was 
destroyed by the dropwise addition of ethyl acetate. The 
mixture was poured into ice and hydrochloric acid and the 
ether layer separated. The ether extract was washed, 
dried and the ether evaporated yielding the crude alcohol 
(0.93 gm.).

The crude alcohol (0.93 gm.) was dehydrated by heatipg 

with fused potassium bisulphate (0.093 gm.) to 160°c for 

ten minutes and the product distilled. The 2:4:5:6:7:8-
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hexamethyl-1:2-dihydronaphthalene (0*743 gm*) (m.pt.38- 
39°C) was obtained*
Dehydrogenation of 2 s4:3:6:7:8-hexamethyl-1:2+dihydro- 
naphthalene (XLIX).

The above dihydro-naphthalene (0*323 gm*) was de­
hydrogenated by heating with palladium-charcoal 
boiling 1s2s4-trichlorobenzene in an atmosphere of carbon 
dioxide for 5 hours. 1:2s3s4;5:7-Hexamethylnaphthalene 
(XLVII) (0.19 gm.) (m.pt*78-80°C) was obtained identical 
with the specimen prepared by reduction of 2s4s5:6:7:8- 
hexamethyl-tetralone-1 (XLII) by the Clemmensen Reduction 
(p. (f[). The yield of hydrocarbon in this experiment was 
60% of the theoretical*
Preparation of the Maleic Anhydride Adduct of 

1:2s3:4:3:7- Hexamethylnaphthalene.
Ref. Abadir, Cook, Gibson, J., 1933  ̂ 8.

The above hexamethylnaphthalene (1.58 gm.) and 
freshly distilled maleic anhydride (24 gms., ca.30 mols) 
in benzene (dry) (32 ccs.) were refluxed for 48 hours.
On removal of the benzene under reduced pressure, the 
residue was shaken with water to dissolve the excess maleic 
anhydride, and the mixture extracted with ether. On 
evaporation of the ether the residue was boiled with 

potassium hydroxide (5%) for fifteen minutes and the un­
changed hydrocarbon extracted with ether. The aqueous 
alkaline solution was acidified andthe precipitated acid 

extracted with ether, and the ether extract washed and



dried. The crude acid, obtained by evaporation of the 
ether, was refluxed in ethyl acetate solution, containing 
a few drops of acetic anhydride, for 15 minutes to convert 
it to the anhydride which crystallised on cooling, (m.pt. 

147°C). (Found C-77.47#; H-6.82#;.C2oH22^3 requiries 
C-77.4#; H-7.15#). The yield of adduct (1.62 gms.) was
70# of the theoretical.
Oxidation of the above Maleic anhydride adduct with 
alkaline Potassium Permanganate.

Ref. Abadir, Cook, Gibson, J., 1953, 8
Excess of a solution of potassium permanganate (8#) 

was added slowly to a solution of the adduct (1.6 gm.) 
in water (100 ccs.) and sodium hydroxide (1.07 gms.). The 
mixture was stirred and heated on the steam bath for 16 
hours. Methanol (25 ccs.) was added to the cooled mixture 
which was then heated on the steam bath till the solution 
was decolourised. The solution was filtered and the 
filter cake leached out thoroughly with warm water and the 
resulting suspension filtered. The combined filtrates 
were evaporated to about 150 cc volume, and acidified. The 
acid was extracted with ether using a constant-extraction 
apparatus. On treatment of the crude acid with diazo- 
methane the tetramethyl ester of benzene-1:2;3:5-tetra- 
carboxylic acid was obtained, which after recrystallisation 
from methanol melted at 109-111°C. A mixed melting point 
determination with an authentic specimen (m.pt.110°C) 

showed no depression.
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Preparation of 1:2:5:4:5:6- Hexamethylnaphthalene (LXl) 
by unambiguous synthesis.
Preparation of Acetyl Prehnitene (Li) Ref.

Refs Baddeley, J, 1949, (Sup.I), 99.
Acetyl chloride (6.28 gms.) and aluminium chloride 

(anhydrous, 10.14 gms.) in methylene chloride solution 
(20ccs) were added dropwise to a stirred solution of 
prehnitene (XV) (10 gms.) in methylene chloride at 0°C.
After the addition of the above solution was complete the 
mixture was stirred at room temperature for 1 hour and then 
decomposed with ice and hydrochloric acid. The organic 
material was extracted with ether, washed, dried and the 
ether and methylene chloride evaporated. The crude product 
was distilled yielding acetyl prehnitene (9.5 gms.) (b.pt. 
135°C/ 5mm; y u 19°c = 1.5437). (Found 0-81.69*; H.8.82*; 

^12^16^ recluires C-81.77#; H-9.15#). The yield was 84% 
of the theoretical. The 2:4-dinitrophenylhydrazone 
derivative of acetyl prehnitene melted at 178-179°C.
(Found C-61.1#; H-5.71#; ^ 18^20^4^4 requires C-60.7#; 
H-5.71#).

The semicarbazone derivative melted at 210-211°C 
(lit 209°C).
Oxidation of Acetyl Prehnitene to Prehnitic Acid (LII).

Ref. Fuson,Tulloch, J.A.C.S., 1934, 56, 1658. 
Dioxane (20 ccs.) was added to acetyl prehnitene 

(0.5 ccs.) and the mixture thoroughly shaken, and sodium 
hydroxide (5 ccs.,10#) was introduced. Iodine-potassium



iodide* solution was added dropwise to the stirred mixture 
till a definite dark colour appeared, corresponding to a 
slight excess of iodine-iodide solution, and which did not 
disappear on standing for 5 minutes. The mixture was now 
heated to 60°C for 2 minutes, and the colour which faded 
on heating was restored by addition of more iodine-iodide 
solution. A few drops of sodium hydroxide (10#) was 
added to destroy the excess iodine and the mixture was 
poured into water. The iodoform was filtered, the fil­
trate acidified and the precipitated acid isolated in the 
usual way. Prehnitic acid was obtained which on recrys­
tallisation from cyclohexane melted at 165-169°C (Lit- 
165°C; 169°C). (Found C-74.35*? H-8.00*; C^H-j.Og 
requires C-74.13#; H-7.92#).

* The iodine-potassium iodide solution was prepared 
by adding potassium iodide (20 gms.) and iodine (10 gms.) 
to distilledwater (80 ccs.) and stirring till solution 
was complete.
Decarboxylation of Prehnitic Acid.

Prehnitic acid (0.1 gm.) was heated with soda-lime; 
a liquid hydrocarbon distilled out of the reaction mixture. 
After further purification by distillation the infra-red 
absorption spectrum confirmed that this liquid hydrocarbon 
was prehnitene (XV),(The infra-red spectrum being identical 
with that of Prehnitene contained in A.P.I. Series). 
Preparation of Bromo-acet.yl prehnitene ( L I U ) .

Bromine (8.6 gms.) in carbon tetrachloride solution



(30 ccs) was added dropwise to a stirred solution of
acetyl prehnitene (9.5 gms.) in carbon tetrachloride
(20 ccs.) at room temperature. There was a latent
period of about 1 minute after the addition of the first
few drops of bromine solution before the commencement of
the reaction. It was allowed to stand for \ hour and
was then washed thoroughly with water, dilute sodium
carbonate solution, water and dried. On evaporation of
the carbon tetrachloride, bromo-acetyl prehnitene (13 gms.)
was obtained by distillation of the residue (b.pt.148-150°C/ 

20°C1.5 mm,^/i = 1.5830). It solidified on standing and
after recrystallisation from petroleum-ether (40-60°C,b.pt) 
melted at 54.5°C-55.5°C. (Found C-56.76#; H.5.93#).
The yield was 94.5# of the theoretical.
Oxidation of bromo-acetyl prehnitene to Prehnitic Acid(LIl) 

Ref. Levine, J.A.G.S., 1950, 72, 1642.
Bromo-acetyl prehnitene (0.3 gm.) was oxidised with 

sodium hypobromite solution to prehnitic acid (m.pt.170°C) 
(Lit.165°C; 169°C). The melting point was undepressed on 
admixture with prehnitic acid obtained previously by the 
oxidation of acetyl prehnitene with sodium hypoiodite 
solution. This established that the bromine was in the 
designated position in the acetyl side chain.
Condensation of Bromo-acetyl prehnitene with Methyl­
malonic ester.

Dry ethyl methyl malonate (8.9 gms.) was introduced, 
with cooling, to sodium ethoxide, prepared by dissolving
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sodium (1.3 gms.) in ethyl alcohol (dry, 20 ccs.). The 
stirred mixture was then heated by an easily removable 
water bath to 60°C and bromo-acetyl prehnitene (13 gms.) 
was added in small portions in ethyl alcohol solution 
(13 ccs.). The solution was then heated on the steam 
bath to remove the alcohol as completely as possible and 
the residual mixture treated with water and the whole 
extracted with ether. The ether extract was washed with 
water and dried. On evaporation of the ether and dis­
tillation of the residual liquid the diester (LIV )
(9*1 gms.) was obtained (b.pt.172°C/0.3 mm.). The yield 
was 51# of the theoretical.
Hydrolysis of the diester (LIV ).

The diester (9.1 gms.) was added slowly to a fresh 
very concentrated solution of potassium hydroxide (5.1 gms) 
in a round bottomed flask, which was heated on the steam 
bath to initiate the reaction. After the addition the 
mixture was heated gently for about 2 hours on the steam 
bath. The alcohol was distilled off whereupon the di­
potassium salt crystallised on cooling. Concentrated 
hydrochloric acid was added till the solution was acid 
to litmus, the mixture filtered free from precipitated 
potassium chloride and the filtrate extracted with ether. 
The ether extract was washed and dried and the ether 
evaporated giving the crude dicarboxylic acid (LV ). 
Decarboxylation of the above dicarbox.ylic acid (LV ) to 
c<,-methyl-V- prehnityl-V-keto-butvric acid (INI).
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The above crude dicarboxylic acid (LV ) was heated 

to 180°C and maintained at this temperature till evolution 
of carbon dioxide ceased.

On distillation of the crude product, o^ -methyl-^p"- 
prehnityl-^^-keto-butyric acid (4*2 gms.) was obtained, 
which on recrystallisation from benzene-petroleum/ether 
(40-60°C b.pt.) melted at 129-130°C. (Found C-72.57%;

H-7*95$; ci5H2o^3 re(luires C-72.55$; H-8.1$).
The ethyl ester of the above keto acid was prepared 

by refluxing, the keto acid (0.113 gm.) in ethanol (dry,
1.5 ccs.) containing a few drops of sulphuric acid, on the 
steam bath for 2 hours. A clear liquid was obtained which 
could not be induced to crystallise.
Preparation of ol-methyl- Jj<-prehnityl butyric acid (LVII) 

Ref. Huang-Minlon, J.A.C.S., 1946, 68, 2488.
The above keto-acid (1.5 gms.), sodium hydroxide 

(0.86 gm.) hydrazine hydrate (0.86 cc, 90$) and diethylene 
glycol were refluxed for f hour. The condenser was 
removed and the temperature allowed to rise to approximately 
200°C, whereupon the condenser was replaced and refluxing 
continued for 4 hours. The mixture was cooled, acidified 
and extracted with ethyl acetate. The ethyl acetate 
extract was washed, dried and the ethyl acetate evaporated. 
On distillation of the residue, o^-niethyl-^"-prehnityl 
butyric acid (1.2 gm.) was obtained which on recrystallisa­

tion from petroleum/ether (b.pt.40-60°c) melted at 77-78°C. 

(Found C-77«11$; H-9.24$; ^\z^22®2 recLu^Tes C-76.88$;H-9.46$).



The yield was 86$ of the theoretical.
Cyclisation of -methyl- ̂ -prehnityl butyric acid (LVIl) 

Ref. Organic Reactions, Vol.II, 136 
Wilds,J.A.C.S., 1942, 64, 1421.

Phosphorus pentachloride (0.835 gm.) was added in 
portions to a stirred solution of the above butyric acid 
(0.9 gm.) in dry benzene (4 ccs.) at 0°C. After the 
addition of all the phosphorus pentachloride the mixture 
was allowed to stand at room temperature for 1 hour and 
then heated on the steam bath for five minutes to ensure 
completeness of reaction.

Stannic chloride (ariydrous, 0.9 cc) in dry benzene 
(0.9 cc) was added dropwise to the stirred mixture at 0°C. 
The mixture was stirred for 15 minutes and the complex 
hydrolysed with ice and hydrochloric acid.

The 2;5:6:7:8-pentamethyl-tetralone (LVIII) (0.56 gm) 
was isolated as is given on page 67-^S, and on recrystal­
lisation from petroleum/ether (b.pt.40-60°C) melted at 
57-58°C. (Found C-83.5%; H-9.16$; C15H200 requires 0-83.2$; 
H-9*32$). The yield was 71$ of the theoretical.
Preparation of 5:4:5:6:7:8-hexamethyl-1:2-dihydronaphthalene

(LX)

Ref.Gilman,Moore,Baine,J.A.C.S.1941, 63*2479.
A solution of the above 2:5:6:7:8-pentamethyl-tetra- 

lone-1 (0.56 gm.) in dry ether (5 ccs.) was added to a 
stirred solution of methyl lithium, prepared from methyl 
iodide (7 gms.) and lithium (0.7 gm.), in ether in an 
atmosphere of nitrogen and the mixture refluxed for 6 hours.
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Most of the ether was now distilled and benzene (dry)
(20 ccs) added and the mixture refluxed for a further 
3 hours. The cooled mixture was poured into ice and 
hydrochloric acid and the product isolated in the usual 
way. 3;4:3:6:7:8-hexamethyl-1:2-dihydro-naphthalene 
(0.46 gm.) was obtained (m.pt.89-90°C, on recrystallisa­
tion from ethanol). (Found, C-89.5%; H-10.37%; 
requires C-89#65%; H-10.35%). The yield was 82% of the 
theoretical.
Preparation of 1:2:3:4:3s6-Hexamethyl-naphthalene (LXI) 

Ref. Abadir, Cook, Gibson, J., 1953« 8.
The above dihydro compound (0.11 gm.) was dehydro­

genated by refluxing in 1:2:4-trichlorobenzene solution 
with palladium-charcoal (30%)(0.6 gm.) in an atmosphere 
of carbon dioxide. Hydrogen had ceased to be evolved 
after 17 hours refluxing, 6.5 ccs. had been collected 
(Theor. amount - 11 ccs.). Benzene was added to the 
cooled mixture and the whole filtered free from palladium- 
charcoal. On distillation of the benzene and trichloro- 
benzene the hydrocarbon, 1:2:3:4s5:6-hexamethylnaphthalene 
was isolated through its piaate and further purified by 
distillation owing to its failure to crystallise well 
from any of the common solvents. (Found C-90.21%; H-9.38%; 
^16^20 re(iuires C-90.5$; H-9.5%). The yield of hydro­
carbon was 60 mgs. which is 55% of the theoretical. It 
crystallised as a fine powder from methanol in an acetone- 
C02bath, m.pt.48-50°C. Its picrate was unstable and



difficult to crystallise (m.pt.155-157°C). Its 2:4:7- 
trinitrofluanenone complex melted at 186-187°C. Its s- 
trinitrobenzene complex melted at 186-189°C. (Ffcund 
C-62.39%; H-5.26%; requires C-62.16%; H-5.45%).
Preparation of Propionyl Prehnitene (LXIII)

Ref. Baddeley, J, 1949, (Sup. I), 99.
Propionyl chloride (3.45 gm.) and anhydrous aluminium 

chloride (5 gms.) in methylene chloride solution (20 ccs) 
were added dropwise to a stirred solution of prehnitene 
(5 gms.) in carbon tetrachloride (10 ccs.) at 0°C. After 
the addition was complete, the mixture was stirred at room 
temperature for 1 hour and the product isolated as for 
acetyl prehnitene (p.^?<3). Propionyl prehnitene was a 
liquid (b.pt.104/0.2 mm., ,U25°C = 1.5345). (Found C-82.06* 
H-9.21%; C^H^gO requires C-82.06%; H-9.54%). The yield 
was 7 gms., which is 90% of the theoretical. 
preparation of o>^-bromo-propionyl prehnitene (LXIV).

Bromine (5.4 gms) in carbon tetrachloride solution 
(20 ccs) was added dropwise to a stirred solution of 
propionyl prehnitene (6.4 gms) in carbon tetrachloride 
(30 ccs) at room temperature.

The CX-bromo-propionyl prehnitene (7.7 gms) was 
isolated by the method used for the isolation of bromo- 
acetyl prehnitene (page 7cT). On crystallisation from 
benzene-petroleum/ether (b.pt.40-60°C) it melted at 36.5°C- 
37.5°C. (Found C-57.88# H*6.57£; C15H 170 Br. requires 

C-58.02% H-6.37%). On oxidation ofo(-bromo-propionyl



prehnitene (0.5 ccs.) by the method used to oxidise 
acetyl prehnitene (p.73 ), prehnitic acid was obtained, 
m.pt•165-169°C. A mixed melting point determination 
with prehnitic acid (m.pt. 165-169°C) obtained from 
oxidation of acetyl prehnitene did not show a depression. 
This confirmed that the bromine was in the propionyl side 
chain.
Attempted condensation of c^-Bromo-propionyl prehnitene 
and malonic ester*
(a) Dry ethyl matonate (6.2 gms) was introduced, with 
cooling, to sodium methoxide, prepared by dissolving 
sodium (0.891 gm.) in methanol (dry, 15 ccs.). The 
stirred mixture was then heated by an easily removable 
water bath to 60°C and-bromo-propionyl prehnitene 
(10.4 gms) was added in small portions in methanol solu­
tion (10 ccs.). The remainder of the experimental details 
is the same as was given for the condensation of bromo- 
acetyl prehnitene and methyl malonic ester (p.7*T)* A 
liquid product (6.4 gms.) was obtained, (b.pt.104-110°C/
0.1 mm., « 19°C = 1.5268). (Found, C-73.7#; H-8.7#; the
diester (LXV), C20H 28°5 requires C-68.94%; H-8.1%). The 
analysis thus indicated that the expected diester (LXV) 
had not been obtained. Moreover the diester (LXV), by 
comparison with the diester (LIV) obtained from conden­
sation of bromo-acetyl prehnitene and methyl malonic ester, 
would be expected to distil about 135°C/0.1 mm.
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On hydrolysis of the above liquid product (2 gms) 
with aqueous alcoholic caustic potash (6 gms., 20%) an 
acid was obtained, m.pt. 165-169°C. It was noted that 
on addition of the alkali solution to the alcoholic solu­
tion of the liquid product an orange colour was produced 
which gradually changed to deep red. A mixed melting 
point determination of this acid (m.pt.165-169°C) with a 
previously prepared specimen of prehnitic acid (p.7^) 
showed no depression.

The above liquid product obtained from the condensa­
tion also,reduced Fehling*s solution. On the basis of 
these results it was assigned the structure (LXVI), C>{ - 
methoxy-propionyl prehnitene or o^-hydroxy-propionyl 
prehnitene (LXVIa) (p.3^o). It was not possible to 
decide definitely from the analysis which of the two 
structures was correct. (Found C-73.7#, H-8.7#; -
methoxy-, requires C-76.32%; H-9.15#J -hydroxy-

^13H 18°2 re(luires C-75*69%, H-8.80#). It would appear 
from the analysis that the above liquid product must have 
contained some impurity, causing the analysis to be 
inaccurate.

It was thought that this peculiar condensation, of 
sodium methoxide and the o<-bromo-propionyl prehnitene, 
could be overcome by using sodium ethoxide as condensing 
agent which was used previously for the condensation of 
bromo-acetyl prehnitene and methyl malonic ester.
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(b) Dry ethyl malonate (4.6 gins.) was introduced, with 
cooling, to sodium ethoxide, prepared by dissolving 
sodium (0.662 gm.) in ethanol (dry, 15 ccs.). The stirred 
mixture was heated to 60°C by an easily removable water 
bath and -bromo propionyl prehnitene (7.7 gins.) added 
in small portions in ethyl alcohol solution (10 ccs.). The 
product was isolatedin the usual manner (p.6&). An oil was 
obtained, (b.pt. 104-110°C/0.1 mm. ,yU1^°C = 1.5160).

On hydrolysis of this oil (1 gm.) with aqueous 
alcoholic potassium hydroxide (3 gms., 20%) in the usual 
manner, an acid was obtained m.pt.165-169°C. This melting 
point was undepressed on admixture with a sample of prehn- 
itic acid prepared previously (p.74). It was also ob­
served that an orange colour, changing to deep red on 
standing, was produced immediately the alkali solution was 
added to the alcoholic solution of the oil.

This oil, obtained from above condensation also 
reduced Fehling^ solution.

On the basis of the above experiments it was assigned 
the structure (LXVII), cA-ethoxy-propionyl prehnitene or 

-hydroxy-propionyl prehnitene (38b) (LXVIa). It was 
not possible to decide definitely from the analysis which 
was the correct structure. (Found - C-76.19^; H-8.87%; 
ethoxy-, £^^22^2 recluires C-76.88#, H-9.46$; hydroxy- 
C13H 18°2 recluires C-75.69%, H-8.80#).
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(c) Owing to the failure of the above attempted conden­
sations to yield the desired ester, it was attempted to 
condense sodiomalonic ester witho(.-bromo-propionyl prehn­
itene in benzene.

Malonic ester (dry, 4.6 gms) was added dropwise to a 
well stirred suspension of powdered sodium (0.662 gm) in 
benzene (dry, 30 ccs). The mixture was refluxed for 5 
hours to ensure completeness of reaction. It was then 
cooled to 60°C and o ’.-bromo-propionyl prehnitene added in 
small portions. It did not however appear to react so 
the whole was refluxed for 3 hours.

Unchanged bromide was recovered quantitatively from 
the reaction mixture.

The failure of the -bromo-propionyl prehnitene to 
react with the malonic ester must be due to steric effects. 
Condensation of Prehnitene and methyl succinic anhydride. 

Haworth, Bolam, J., 1932, 2248 
Dev, G-uha, J.Ind.Chem. Soc., 1948, 25, 13.
Baddar, Fahim, Fleifel, J.,1933» 2199

(a) Methyl succinic anhydride (4.3 gms.) and anhydrous 
aluminium chloride (10 gms.) in nitrobenzene solution 
(30 ccs) were added dropwise to a stirred solution of 
prehnitene (5 gms) in nitrobenzene (5 ccs) at 0°C. After 
the addition was complete the mixture was stirred at room 
temperature for 1 hour. Ice and hydrochloric acid were 
added to hydrolyse the complex, the nitrobenzene steam 
distilled, and the product isolated in the usual way (pJ3).



85.

A mixture of acids was obtained. The c^-methyl- 
prehnityl- ^"-keto- butyric acid (2 gms) was isolated from 
the mixture, by crystallisation from methanol and a re­
crystallisation from benzene-petroleum/ether (40-60°C b.pt). 
It melted at 130-131°C and the melting point was not de­
pressed. on admixture with an authentic specimen (p/7£>).

No other acid could be isolated pure from the residual 
mixture. The yield of pure oC-methyl- ^  -prehnityl-^- 
keto-butyric acid was 22% of the theoretical.
(b) Ref. Abadir, Cook, Gibson, J . , 1J953, 8

Prehnitene (6 gms.) was slowly added to a stirred ice- 
cold suspension of anhydrous aluminium chloride (20.25 gms) 
and methyl succinic anhydride (5 gms.) in tetrachloroethane 
(50 ccs). Stirring at 0°C was continued for 5 hours; 
the reaction mixturewas treated with ice and hydrochloric 
acid and the solvent removed in steam.

The residue was extracted with sodium carbonate solu­
tion and the filtered solution acidified. The precipitated 
acid was extracted with ethyl acetate and the ethyl acetate 
extract washed and dried. On evaporation of the ethyl 
acetate the crude product (15*8 gms) was obtained. It was 
recrystallised twice from benzene, once from cyclohexane 
and again from benzene-petroleum/ether (40-60°C b.pt.) 
yielding an acid (9.6 gms) m.pt.96.5°C-99°C. (Found 0-72.69% 
H*r7.81%; C-jĉ qO^ requires C-72.55%; H-8.1%). The yield 
of acid was 85% of the theoretical.

The ethyl ester of the above keto-acid was prepared
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by refluxing, the keto acid (0.45 gm) in ethanol (dry,
6.0 ccs.) containing a few drops of concentrated sulphuric 
acid, on the steam bath for 2 hours. The ester was 
isolated in the usual way and after one crystallisation 
from ethanol melted at 66-67°C. The melting point was 
undepressed on admixture with a specimen of Abadir*s 
so-called ethyl ester of ^p-keto- -methyl- ̂ ^-prehnityl 
butyric acid, which has been shown to be the ethyl ester 
of they^-methyl isomer (p.33,37).

Thus the ethyl ester of the keto-acid obtained in 
this experiment is ethylp4-methyl-^ -prehnityl-^r"-keto- 
butyrate and therefore the acid isolated in the above 
condensation is//^-methyl-^jf' -keto-pjp"-prehnityl butyric 
acid.

On hydrolysis of the above ethyl ester, the keto-acid 
obtained melted at 112°C on recrystallisation from benzene- 
petroleum ether (40-60 b.pt.) A mixed melting point 
with Abadir’s specimen (m.pt.130-131°C) melted from 112°C 
to 130°C.
Reduction of the above^,/? -methyl- ̂ k e t o -  ̂ jr"-prehnityl 
butyric acid by the Clemmensen method.

Ref. Martin, J.A.C.S., 1936, 38, 1438.
Clean granulated zinc (3 gms) was shaken with a 

mixture of water (4.5 ccs), concentrated hydrochloric acid 
(1.5 ccs), and mercuric chloride (.3 gm). After 5 minutes 
the aqueous solution was decanted and the reactants added 

in the following order, water (2.25 ccs), concentrated
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hydrochloric acid (5.25 ccs.), toluene (3 ccs), and the 
above keto-acid (1.5 gms).

The mixture was refluxed briskly for 50 hours, three 
1.5-cc portions of concentrated hydrochloric acid were 
added at intervals of about 6 hours.

The mixture was cooled, diluted with water and the 
whole extracted with ether. After suitable washing and 
drying the ether was evaporated and the crude product crys­
tallised from benzene-petroleum/ether (b.pt.40-60°C). The 
melting point was 106-107°C, undepressed on admixture with 
Abadirfs so-called oL -methyl-^— prehnityl butyric
acid (m.pt.106-107°C), -this latter acid has been shown to 
be th ^  methyl isomer (p. 3(>).

Dry acetoacetic ester (338 gms.) was introduced, with 
cooling to sodium ethoxide, prepared by dissolving so/dium 
(59.3 gms) in alcohol (dry 925 ccs). Methyl iodide (380 
gms) was added dropwise to the stirred mixture and the 
whole refluxed for 5 hours; the reaction mixture was now 
neutral. The alcohol was distilled off, and the residue 
diluted with water and extracted with ether. The ether 
extract was washed 5 times with dilute ammonia, and once 
with water and dried. The ether was evaporated and the 
product fractionally distilled. A little acetoacetic 
ester distilled at 175°C/760 mm. and the desired o( -methyl

Preparation of c/-methyl-acetoacetic ester.
Ref. Conrad, Limpach, Amnalen, 192, 153; 

Michael Ber, 1905, 38, 2091, 2095



acetoacetic ester (217 gms.) distilled at 181.5°C- 
182.5°C/760 mm.
Preparation of ok -methyl- (X -ally1-acetoacetic ester.

The (X-methy1-acetoacetic ester (142 gms.) was added 
dropwise to a stirred suspension of powdered sodium 
(22.7 gms.) in benzene (dry, 500 ccs) so as to keep the 
benzene gently refluzing. The sludge was stirred and 
refluxed for 8 hours to ensure that all the sodium had 
reacted. The stirred mixture was cooled to 60°C and the 
allyl bromide (131 gms.) added dropwise. After the 
addition was complete the mixture was stirred and refluxed 
for a further 8 hours to ensure completeness of reaction. 
The mixture was cooled and diluted with water and the 
benzene layer separated, washed and dried. The benzene 
was evaporated and the residue fractionally distilled.
The oC-methyl--allyl-acetoacetic ester (108 gms.) 
distilled at 211-212°C/760 mm. ( I» it .209 -231°c /760  mm) and 
did not give a colouration with Ferric Chloride? The 
starting material -methy1-acetoacetic ester gave a blue
colouration with Ferric Chloride.

♦The ferric chloride solution was a 1% aqueous 
solution without addition of hydrochloric acid. One 
drop of ester was added to one drop of ferric chloride 
solution and the mixture shaken. If there is an enol-

develop more or less immediately.

The yield of b^-methyl-OC -ally1-acetoacetic ester

isable hydrogen colouration should



was 60% of the theoretical.
Hydrolysis of above ester toc^ -methy1-pl -allylacetone

(LXXIV)
Ref. Rouve, Stoll, Helv. ghim.Acta,1947,30, 2219 

Jacobi, Merling, Annalen, 278, 11.
A filtered solution of barium hydroxide octa^hydrate 

(82 gms.) in water (675 ccs) was added in several portions 
to a solution of the above ester (40 gms.) in ethanol 
(215 ccs). The mixture was stirred and heatedto reflux 
on an oil bath at 115°C for 20 hours. It was cooled and 
hydrochloric acid (142 ccs containing 145 gms. per litre) 
was added, and the whole extracted witft ether. The ether 
extract was washed with water, dilute sodium bicarbonate, 
water and dried, and the ether evaporated. The residue 
was distilled and the desired ketone (12.5 gms.) was 
obtained, (b.pt. 143-H5°C, Iit-H0°C) ( n 21°° = 1.4230). 
The yield was 50% of the theoretical.
Condensation of Prehnitene (XV) and o( -methyl- Qk -allyl­
acetone (LXXIV).

Ref. Colonge,Pichat,Bull.Soc. Chim.,1949,853,855.
The c>(-methyl- CX -allyl-acetone (7.27 gms.) was 

added dropwise to a stirred mixture of prehnitene (8.2 gms 
and powdered anhydrous aluminium chloride (12.8 gms.) at 
about 35°C. After 4 hours the complex was decomposed 
with ice and hydrochloric acid and the organic layer 
extracted with ether. The ether extract was washed and 
dried (see p. £6.) and the ether evaporated. The residue
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was distilled and the 3-methyl-5-prehnityl-hexan-2-one ( 
(LXXV) (11.2 gms) was obtained, (b.pt. 159°C/3 mm.,

C = 1.5188). (Found C-82.85$2, H-10.33^; C1?H260 
requires C-82.87%, H-10.64%). The yield was 75% of the 
theoretical. The semi-cafbazone derivative melted at 
183-184°C (Found C-71.34%, H-9.45%; requires
C-71.3%, H-9.64%).
Oxidation of the above ketone with nitric acid.

The above ketone (0.5 gm*) was heated to 175-180°C 
in a sealed tube for 6 hours with concentrated nitric 
acid (3©75 ccs) and water (7.5 ccs). On evaporation
of the water the residue was treated with excess etheral 
diazomethane, the pentamethyl ester of benzene penta- 
carboxylic acid was obtained which crystallised from 
methanol, m.pt.144-146°C, undepressed on admixture with 
an authentic specimen.

This confirmed the structure of the above ketone (LXXV). 
Reduction of above ketone (LXXV) to the corresponding 
alcohol (LXXVI ) (see p. 7(9).

Ref. Org.Reactions, Vol 6 , 469
Nystrom,Brown,J.A.C.S., 1947, 69., 1197.

The ketone (2 gms.) was added dropwise in ether (dry) 
solution to a slurry of lithium aluminium hydride (0.31 gm) 
in ether (dry) so that the ether gently refluxed. The 
mixture was refluxed for 2 hours after the addition of the 
ketone and allowed to stand overnight. Excess lithium 
aluminium hydride was destroyed by the dropwise addition
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of ethyl acetate. The mixture was then poured into ice 
and hydrochloric acid and the organic material extracted 
with ether. After suitable washing and drying the ether 
was evaporated and the residue distilled. The desired 
alcohol (LXXVI) (1.7 gms) was obtained (b.pt.H2°C/0.07 mm., 
V 9°° = 1*52.8). (Found C-82.5%, H-11.01$, 
requires C-82.2%, H-ll.36%). The yield was 84-% of the 
theoretical.
Attempted ring closure of the above alcohol (LXXVI) with 
sulphuric acid.
RefrColonge, Pichafc, Bull.Soc.Chim., 1949,853,855*

The alcohol (LXVI) (1.5 gms) was added dropwise with 
vigorous stirring to concentrated sulphuric acid (2 gms) 
at 10-C. The mixture was now stirred at room tempera­
ture for 3 hours. Ice water was added and the organic 
material extracted in the usual way with ether, and the 
ether extract washed and dried. The ether was evaporated 
and the residue distilled, an oil (0.8 gm.) was obtained, 
(b.pt.l22-123°C,yUL9°C = 1.5447) (Found 0-88.42$, H-9.8$;

^17^26 re(lu^res C-88.68%, H-ll.37%).
Oxidation of this oil (0*2 gm) with nitric acid in 

the usual way (p*6"7.) gave an acid product. This latter 
on treatment with e:thereal diazo-methane solution gave an 
uncrystallisable gum. This confirmed that the attempted 
cyclisation of the alcohol (LXXVI) with sulphuric acid 
had given a mixture presumably of ring closed and open 
chain compounds.
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All attempts to dehydrogenate the oil from the above 
cyclisation failed. The compound was returned unchanged 
when heating with selenium at 310° C in a sealed tube, and 
at 360°C charring occurred, but no aromatic hydrocarbon was 
isolated from any of the experiments.

This suggests that the oil contains five-membered ring- 
closed compounds.
Cyclisation of 3-methyl-5-T)rehnityl-hexan-2-one (LXXV) 
with polyphosphoric acid.

Ref. Jarrett, Loudon, J., 195 5, 4052,
K00, Chem and Ind., 1955, April, 445;
J.A.C.S., 1953, 75, 1891.

The polyphosphoric acid was made by dissolving phos­
phorus pentoxide (125 gms) in concentrated phosphoric acid 
(50 ccs). The syrupy mixture was stirred occasionally 
and heated on the steam bath for 2 hours.

The ketone (LXXV) (11.2 gms) was added dropwise to the 
above syrupy polyphosptxnAa acid at room temperature with 
stirring. The mixture was then stirred occasionally and 
heated in an oil bath at 125-130°C for 5 hours. The mix­
ture was cooled and decomposed with ice and the organic 
material extracted with ether, and the ether extract washed 
with water and dried. The ether was evaporated and the 
residue distilled. An oil (4«2 gms) was obtained, b.pt. 
100-103°C/0.07 m, and a solid (3.2 gms) b.pt.l25-130°C/ 
0.07



The solid on recrystallisation from benzene-petroleum/ 
ether (b.pt.40-60°C) melted at 143-144°C and exhibited a 
typical naphthalene spectrum. It analysed correctly for 
a heptamethylnaphthalene and was thus concluded to be 
l:2:3:4:5:6:8-heptamethylnaphthalene. (Pound C-90.38%, 
H-9*51%, ^1^ 22 re!uires C-90.2%, H^9.8%). Its picrate 
had m.pt. 194-195°C (Found C-60.36?5, H-5.68$,

requires C-60.6$, H-5.54%), its s-trinitrobenzene 
complex, m.pt. 217-218°C (Found C-63.13#, H-5.59/S, C1?H 22. 
^6**3^6^3 requires C-62.87%, H-5.74%), and its 2:4:7-tri- 
nitrofluorenone complex, m.pt. 205.5°C-206.5°C (Pound C- 

66*43%, H-4*73%, 1^5 reluires C-66.55%,
H-5.03%).

The yield of 1:2:3:4:5:6:8-heptamethylnaphthalene was 
30% of the theoretical*

The oil from the above cyclisation with polyphosphoric 
acid was re-distilled, (b.pt*140°C/0.8 m m = 1.5441).
( Pound C-88*7%, H-11.00%, requires C-88.6^, H-11.38#

^17H24 re<luires C-89.41%, H-10.60%). The oil decolorised, 
bromine water and potassium permanganate solution, and a 
colouration was produced with tetranitromethane solution. 
This confirms the presence of an olefinic double-bond. 
However, the analysis corresponds more closely with the 
tetralin "Z” or the indane nY M shown below than with the 
corresponding dihydro-naphthalene or indene (see p./$3.(.
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The oil (0.3 gm) was oxidised with nitric acid in 

the usual way (p. 67). Benzene-hexacarboxylic acid was 
obtained, m.pt. 185-137°C (Lit. 187°C). This established 
that the oil contained only ring-closed material.

It was attempted to dehydrogenate the oil with 
palladium-charcoal (30$) (p. 6*?)., sulphur and selenium, 
but no success was entertained. It was heated with 
selenium at 310°C in a sealed tube for 100 hours, but 
was recovered unchanged. On heating with selenium at 
360°C for 70 hours in a sealed tube charring occurred.

The failure to dehydrogenate the oil suggests that 
it does not contain any of above tetralin ,fZ n.

It is suggested that the oil is a mixture of the 
indane "Y" and corresponding indene (p./yta).

The above cyclisation with polyphosphoric acid was 
attempted firstly at room temperature and then at 100°C 
but in both cases the ketone (LXXV ) was returned 
unchanged®
Attempted Chloromethylation of 1:2:3:4:5:6:S-Heptamethyl- 
naphthalene (LXXX) (p./)q).

An attempt was made to chloromethylate the hydro­
carbon (LXXX ) by the method described by Abadir, Cook 
and G-ibson . Hydrogen chloride was passed into a
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suspension of para-formaldehyde (0.1 gm) in acetic acid 
(3 cc) until dissolution was complete. The heptamethyl- 
naphthalene was then added and the suspension shaken for 
24 hours. More hydrogen chloride was led in for ten 
minutes and shaking continued for a further 24 hours.
Ice was added and the product extracted with ether. The 
ether extract was washed with sodium bicarbonate solution 
and dried and the ether distilled off. The heptamethyl- 
naphthalene was recovered quantitatively.

Another attempt was made with the same quantities as 
above, but this time hydrogen chloride was passed through 
the reaction mixture for hour after 4 hours and again 
for the same time after 24 hours. The mixture was 
shaken for a further 24 hours but once again the starting 
material was recovered unchanged along with a little of a 
dark oily residue.

In another attempt with the same quantities as above, 
the reaction mixture was shaken at room temperature for 
13 hours. It was then heated to 70-75°C and maintained 
at this temperature for 5 hours. On working up in the 
usual manner, a dark tany gum was obtained. A very little 
semi-solid was isolated from this after charcoaling twice, 
which formed an s-trinitrobenzene complex m.pt.207-215°C. 
This was concluded to be impure s-T.N.B. of starting 
material. (s-T.N.B. of hep-tamethylnaphthalene -m.p.t. 

217-218°C) .
The experiment was again repeated as above at 45-50°C
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but a gummy oil was obtained which yielded no aromatic 
hydrocarbon on shaking it in cyclohexane solution with 
palladium charcoal in an atmosphere of hydrogen.

A final attempt was made with the hydrocarbon (0.1 gm), 
puraformaldehyde (0.39 gm) and acetic acid (1.5 cc). Hy­
drogen chloride was passed for 3 hours duration at intervals 
of 16 hours for a period of 100 hours, at room temperature. 
Some starting material was recovered unchanged along with a 
little of a dark oily residue which yielded no aromatic 
hydrocarbon on attempted reduction as described in preced­
ing attempt.
Attempted Acetylation of 1:2:3:4:5:6:8-Heptamethylnaphtha- 
lene (LXXV)

Ref: Baddeley, J., 1949, ( Sup.I), 99.
Acetyl chloride (0.035 gm) and aluminium chloride 

(anhydrous, 0.06 gm.) in ethylene chloride solution were 
added dropwise to a stirred solution of the heptamethyl- 
naphthalene (0.1 gm) in ethylene chloride at 0°C.

After the addition of the above solution was complete 
the mixture was stirred at room temperature for J hour and 
then decomposed with ice and hydrochloric acid. On working 
up in the usual way, the heptamethylnaphthalene was recovered 
unchanged.

The experiment was repeated as above but the tempera­
ture during the addition of the acetyl chloride - aluminium 
chloride solution to the hydrocarbon was 35-40°C. The 
mixture was stirred at this temperature for 6 hours. The
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heptamethylnaphthalene was again recovered unchanged.
The experiment was again repeated with the reactants 

in the following ratios, 1 mol Hydrocarbon: 2 mols
Acetyl Chloride: 2 mols Aluminium Chloride. The tempera­
ture was maintained at 45-50°C for 8 hours. A gummy 
residue was obtained from which a little of the heptamethyl­
naphthalene was recovered but none of the desired acetyl 
compound was obtained.
Preparation of 3-Methyl-2:4-pentanedione (XCVII)

Ref. c^aisen> vgl Perkin J., 1892, 61, 848.
Conrad, Limpach, Annalen, 1878, 192, 153 

Acetyl acetone (100 gms.) was added dropwise over 
1 hour to sodium methoxide solution, prepared from sodium 
(23 gms.) in methanol (300 ccs) at 10-15°C. The mixture 
was stirred until room temperature was attained. It was 
again cooled to 10-15°C and methyl iodide (142 gms.) was 
added dropwise over 1 hour. The mixture was stirred at 
room temperature for several hours and allowed to stand 
overnight. It was re fluxed on the steam bath for 4 hours 
and then most of the methanol was distilled off. Water 
was added and surprisingly methylacetylacetone was miscible 
and had to be extracted by constant-ether-extraction. It 
would have been better to have added ether and filtered the 
precipitated sodium iodide, and evaporated the ether to 
obtain the crude product. The crude products was fraction­
ally distilled, a little unreacted acetylacetone was 

obtained, b„pt.35-40oC/25 mm, and the desired product,



methylacetylacetone (XCVII) (60 gms) at 60-65°C/25 mm. 
The yield was 60% of the theoretical; some of the 
product was probably not recovered in the constant- 
ether-extraction.
Acetyl prehnitene was prepared by the method given on 
page ^o>. .
Reduction of acetyl prehnitene to the corresponding 
alcohol (XCI).

The acetyl prehnitene (18.5 gms.) was added drop- 
wise to a slurry of lithium aluminium hydride (4 gms.) 
in dry ether, so that the ether gerELy refluxed. The 
mixture was then refluxed on the steam bath for 3 hours. 
Excess lithium aluminium hydride was destroyed by the 
dropwise addition of ethyl acetate and the mixture was 
poured into ice and hydrochloric acid and the ether 
layer separated. On evaporation of the ether the crude 
product v/as distilled, and the desired alcohol (14 gms) 
obtained, b.pt.l21°C/l mm. It was recrystallised from 
petroleum/ether (40-60°C b.pt.) and melted at 53-54°C.
( Pound C-81.19%, H-10.02%, C-^H-^gO requires C-80.85%, 
H-10.18%). The yield was 75% of the theoretical. 
Preparation of o^-bromo-ethyl prehnitene (XCII).

Ref. P.crge etal, J.A.C.S., 1948, 70, 3707.
Phosphorus tribromide (3.15 gms) in dry ether solu­

tion (250 ccs) was added dropwise to a stirred solution 
of the above alcohol (5 gms) and pyridine (0.5 gm) in 
dry ether (250 ccs) at -25°C to -30°C; this temperature



was maintained by means of an acetone-solid carbon 
dioxide bath. A white cloudy substa.nce precipitated on 
the addition of the phosphorus tribromide0 The mixture 
was stirred at -25°C, after the addition of the phosphorus 
tribromide, for hour. It was left overnight to regain 
room temperature gradually. Most of the cloudy precipi­
tate went into solution but there was a little of a white 
liquid clinging to the sides of the reaction vessel. The 
reaction mixture was poured into ice water and the ether 
layer separated. It was washed thoroughly with water, 
dilute sodium bicarbonate and another twice with water, 
dried and the ether evaporated. The desired bromide 
(XCII) (4o8 gms) was obtained by distillation, (b.pt. 90°C- 
air bath- approx., 0.05 mm). It was recrystallised from 
petroleum/ether (40-60°C b.pt.) using an acetone/COg hath, 
m.pt. 48-48.5°C. (Found 0-66.08$, H-7.17$; C12H17Br 
requires C-59.79%, H-7.11%). The yield was 71% of the 
theoretical.

In a similar experiment to that described above, in 
which 10.6 gms. of alcohol (XCI) were brominated, the crude 
bromide was distilled at 120°C/0.15 mm., but only 1.8 gms. 
was obtained. Hydrogen bromide was evolved at this tem­
perature and a high boiling product (6.8 gms.) distilled 
at about 200° C/0.15 mm. This product crystallised from 
benzene, m.pt.l69-170°C. (Pound C-90.2%, H-9*51%).

The analysis confirmed this was a hydrocarbon and 
presumably was formed by the self condensation of the



bromide during the distillation. This hydrocarbon 
exhibited ultra-violet absorption spectrum (page 
similar to that of 9:10-dihydro-anthracene, and it was 
thought that it might be decamethyl-9slO dihydro-anthra- 
cene. This latter compound, requires C-89.94%,
H.10.06%, and could be formed by the condensation of two 
molecules of bromide (XCII) with the elimination of two 
molecules of hydrogen bromide.

It was attempted to dehydrogenate it to an anthracene 
but without success. It was heated with selenium at 
340°C in a sealed tube for 50 hours but the product was 
charred; with selenium at 310°C it was recovered unchanged. 
Attempted preparation of the alcohol (C, x~0)(p. M s i -

The above bromide (XCII) (0.49 gm) was added to an 
ether (dry) suspension of magnesium (0.05 gm, activated by 
subliming iodine through it previously). The mixture was 
refluxed for several hours till most of the magnesium had 
reacted. It was cooled to room temperature and added 
dropwise to a solution of methyl acetylacetone (0.25 gm.) 
in ether at -80°C; this temperature was maintained by 
means of an acetone/CO^ bath.

The reaction took place immediately and a complex 
precipitated. After the addition it was stirred at -80°C 
for \ hour and then added dropwise to a well stirred 
suspension of ice and ammonium chloride at -20-to-25°C.
The mixture was allowed to regain room temperature and
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the ether layer separated. On working up as usual none 
of the desired product (C,x=0) was obtained. A hydro­
carbon, 2-4-diprehnityl-3-methyl-pent-2-ene (XCVI),
(0.25 gm), was isolated which crystallised from benzene, 
m.pt. 220_223°C. (Found C-89.97$, H-10.17$; ^26E36 

requires C-89.59%, H-10.41%).
Preparation of mono-hemithio-ketal of methylacetylacetone

(XClM(l)
Ref. Jaeger, Smith,J.,1955, 160.

A mixture of methylacetylacetone (XCVII) (21 gms), 
2-m&rcaptoethanol (16 gms), toluene-para-sulphonic acid 
(103 gms) and benzene (dry, 420ccs) was refluxed in an 
inert atmosphere for 20 hours till no more water separated 
in the Dean Stark head. The mixture was cooled and the 
benzene layer separated, washed with water, sodium bicar­
bonate solution, water and dried. On evaporation of the 
benzene, the residue was distilled. The desired hemithio- 
ketal (XCVIII)(17.3 gms) was obtained (b.pt.56°C/0.1 mm, 
y U 25°C = 1.4860). (Found C-55.54$, HT8.42$, C8H1402S 
requires C-55*2%, H-8.10%). The yield was 60% of the 
theoretical.

c< V K  /QAttempted preparation of the alcohol ( C , x = chro^) (p JmQ) 
Aiiother attempt was made to prepare the desired 

alcohol by a similar experiment to that described on 
page , but instead of the methylacetylacetone the above 
prepared mono-hemithio-ketal (XCVTII) was used.

Surprisingly however the same hydrocarbon, 2:4- 
diprehnityl-3-methyl-pent-2-ene (XCVI), was obtained and
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none of the desired product.
Preparation of the monoethylene-ketal of methylacetylacetone

Ref. Cronyn, Goodrich, J.A.C.S., 1952, 74,3331.
A mixture of methylacetylacetone (32 gms) and ethylene 

glycol (18.5 gms) para-toluenesulphonic acid (100 mgs) and 
benzene (dry, 400 ccs) was refluxed for 20 hours till no 
more water separated in the Dean Stark head. The crude 
product was isolated similar to the hemi-thio-ketal (p. Jol) 
The monoethylene-ketal(XCIX) (25.6 gms.) was obtained on 
distillation of the crude product, (b.pt. 60°C/0.1 mm, 
y U 20°C = i #44ii) (Pound C-60.3%,I}-9.02%, CgH^O^ requires 
C-60.74%, H-8.92%). The yield was 58% of the theoretical.

CHfc-a .
Attempted preparation of the alcohol (C . (p.Aifa).

Yet another attempt was made to prepare the desired 
alcohol (C ) by a similar experiment to that described on 
page )00, but instead of methylacetylacetone the monethylene- 
ketal, prepared above, was used.

Another experiment was carried out with the above mono­
ethylene ketal and the organo-lithium compound (XCIV) 
instead of the corresponding magnesium compound (XCIII).
No success was entertained, the hydrocarbon (XCIV) being 
obtained once more.

REP. Wittig etal, Annalen, 1956, 598, 85, 93. 
Bohlmann etal, Ber, 1956, 89, 1276 

Triphenyl phosphine (2.6 gms) was added to a solution 
of the Bromide (XCIII) (3.92 gms) in ether (3 ccs) and the

(XCIX)

Attempted preparation of the olefin (Cl)



mixture shaken till the triphenyl phosphine dissolved. It 
was allowed to stand at room temperature for 24 hours; 
during this time a white semi-solid salt precipitated.

An ether solution of butyl lithium (0.33 gm) was 
prepared from butyl bromide (2.24 gms) and lithium (0.224 
gm) in ether in the usual way (35)^

The butyl lithium in ether solution was added dropwise 
to the suspension of the above salt in ether. No colour 
was generated. The mixture was heated to reflux but still 
no colour was generated. It was cooled and added to a 
solution of the above monoethylene ketal (XCIX) in ether 
and the whole refluxed for 6 hours. On working up in the 
same way as for a G-rignard reaction, a small amount of a 
liquid was obtained which was not the desired compound.

(Pound C-86.18%, H-10.14%, C20H30°2 re^u±res C-79.42%, 
H-10.0%). The analysis did not correspond to any other 
probable structure.
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SYNTHESIS OF SOME POLYMETHYLPHENANTHRENES.
INTRODUCTION.

It was thought"that it would be of interest to prepare 
some polymethylphenanthrenes, from 2:3:6-trimethylnaphtha- 
lene which was available, since relatively few polymethyl­
phenanthrenes ̂  ̂ were known. Haworth etal have
prepared several polymethylphenanthrenes from 2-methyl- 
naphthalene and 2s 3-dimethylnaphthalene by routes which 
involved initially the condensation of succinic anhydride, 
or a substituted succinic anhydride with the naphthalene 
derivative.

They found that, on condensing 2-methylnaphthalene 
with succinic anhydride, the acid isolated most easily and 
in the highest yield was -(6 methyl-2-naphthoyl)- 
propionic acid (I). Likewise 2:3-dimethylnaphthalene on 
condensation with succinic anhydride yielded the corres­
ponding (6:7-dimethyl-2-naphthoyl)-propionic acid in 
good yield.

/^-methyl derivatives of naphthalene thus apparently 
activate the diagonally opposite /* -position in the



naphthalene nucleus. It was thought that 2:3:6- 
trimethylnaphthalene on condensation with succinic 
anhydride would yield mostly^ -(3:6:7-trimethyl-2- 
naphthayl)- propionic acid. Thereafter this latter 
acid could be converted to polymethylphenanthrenes by 
standard methods.



DISCUSSION.

The 2;3:6-trimethylnaphthalene on condensation
(2 )with succinic anhydride ' 1 in the presence of aluminium 

chloride in nitrobenzene yielded a mixture of acids. An 
o( -naphthayl propionic acid was isolated in 8| yield 
and on conversion of the residual mixture of acids to

/ ) Ivro/icrfVitctheir methyl esters a /*-naphth%L a ester was isolated in 
about the same yield. No other acid could be isolated 
pure from the bulk of the residual mixture.

(2 )The observations of Haworth etal' ' do not appear 
to hold in this case, since an (7\-naphthoyl propionic 
acid was most easily isolated and not a - n a p h t h o y l  
isomer. Almost equal proportions of the two isomers, 
d<- andy4 ~ , were obtained whereas Haworth etal 
found that t h e - i s o m e r  usually predominated.

The -naphthoyl andyc?-naphthoyl acids were dis­
tinguished by means of their ultra-violet absorption 
spectra. Dannenberg and Dannenberg-von Dreslei^lound 
that oi -and -acyl naphthalenes have distinct ultra­
violet absaption spectra.
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In O^-acyl naphthalenes there is a decided batho- 
chromic shift of the para band while the position of the 
C^-band in relation to the para band does not change so 

much. The intensity of the o(-band is increased by 
substitution of a strong chromophoric group in the o( - 
position of the naphthalene nucleus, so that there is a 
merging of the cX-band and the p.-band (i.e.para band) 
and a corresponding loss of fine structure. Thus in 
oC-acylnaphthalenes there are only two bands, one being 

very broad due to the merging of the 0( -and p-£ands.
I n - a c y l  naphthalenes there is a bathocromic shift 

of the o(-band, while the p-band both in regard to 
position (other than pure substitution effects) and also 
proportionally in regard to intensity changes little.
Thus in -acyl naphthalenes there is no loss of fine 
structure andthe o{ -,̂  -, p-bands are all well defined 
and distinct from each other.

The ultra-violet absorption spectra of the two acids 
(shown opposite) isolated here agreee with these findings 
of Dannenberg etal.

The^/$-naphthoyl isomer isolated must be/^ -(3:6:7- 
trimethyl-2-naphthoyl)-propionic acid since there is only 
one vacant^/^-position in the nucleus of 2:3:6-trimethyl- 
n^phthalene. There are however four vacant o( -positions 
in this latter compound so that it is not possible as yet 
to state definitely which one it is.
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The 2-naphthoyl propionic ester (II) was reduced by 
a Huang-Minlon reaction to ^ - ( 3:6:7-trimethyl-2- 
naphth^yl)-butyric acid (III). Cyclisation of the butyric 
acid (III) was effected by treating the acid chloride with 
stannic chloride in benzene solution; the 6 :7:10-trimethyl- 
4-keto-1 s2s3:4-tetrahydro-phenanthrene (1V) was obtained.
The latter was reduced smoothly with lithium aluminium 
hydride to the corresponding alcohol (V) which was dehy­
drated by heating with fused potassium bisulphate yielding 
the dihydro-phenanthrene (VI). On dehydrogenfction of 
this latter compound (VI) with palladium-charcoal at 240°C, 
2s3:9-trimethylphenanthrene was obtained and characterised.
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The ultra-violet absorption spectrum is shown opposite.
In another series of experiments the tetrahydro- 

keto-phenanthrene (IV) was treated with methyl magnesium 
iodide in the usual manner. The crude alcohol (VIII) 
which was obtained was dehydrated and dehydrogenated 
simultaneously by heating with palladium-charcoal at
240-250°C in the usual manner, in an atmosphere of carbon 
dioxide.

A mixture was obtained from which no pure product 
could be isolated. The ultra-violet absorption spectra 
(shown opposite) appeared to be of the phenanthrene type 
although there appeared to be an extreme loss of fine 
structure in the region 265 m M  to 305 mm  ♦

It is not uncommon to obtain mixtures from a series 
of experiments similar to that just described which 
involve the introduction of an alkyl group into the 
sterically hindered 4- or 5- positions (^)»(8) 

phenanthrene nucleus. It is probable that migration or

(!*)





loss of a methyl group occuts during dehydrogenation.
TheO( -naphthoyl propionic acid,isolated from the 

mixture of acids obtained from the dondensation of 
2:3:6-trimethylnaphthalene and succinic anhydride, must 
be one of the four compounds (X), (XI), (XII) and (XIII) 
shown below.

Kooc -CHv-ou  ̂^ cHjT-cHi-cooh
r c/V Jl . du>

KOoc _cn/
ft*. Coo hI

o

Only one of these acids, namely^/3 -(3:6s7-trimethyl-
1-naphthoyl)-propionic acid (XIII) can cyclise into a
/ $  -position to yield, after the usual sequence of react-
inns, a phenanthrene derivative.

The ô . -naphthoyl acid isolated in this synthesis was.
(5)reduced by the Huang-Minlon v ' reactions to the corres­

ponding butyric acid. Cyclisation of the butyric acid 
was effected by treating the acid chloride with stannic 
chloride in benzene solution, yielding a cyclic ketone. 
The ultra-violet absorption spectrum (shown opposite) 
confirmed that the latter was a^/^-acy1-naphthalene; this
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established that the acid had cyclised into a - p o s i t i o n  
of the naphthalene nucleus. Since there is only one 
vacant position in 2:3:6-trimethylnaphthalene this 
confirms that the structure of the cyclic ketone is 
6s7 s 10-trimethyl-1-keto-1:2:3$*l-tetrahydrophenanthrene 
(XV), and of the preceding butyric acid is ^f"-(3:6:7- 
trimethyl-1-naphthyl-) butyric acid (XIV), and of the 
preceding ck -naphthoyl acid i s ^ ? -(3:6:7-trimethyl-1- 
naphthoyl-) propionic acid (XIII).

The ketone (XV) on treatment with methyl magnesium 
iodide in the usual manner afforded the corresponding 
tertiaary alcohol (XVI) which on simultaneous dehydration

yielded the desired 2:3:8:9-tetramethylphenanthrene.
The ultra-violet absorption spectrum is shown opposite.

and dehydrogenation withpalladium-charcoal at 280°C



(91Askew • in his studies on the ultra-violet spectram 
of alkyl phenanthrenes concludes that as the number of 
alkyl groups increases there is a general shift of the 
maxima towards the longer wave lengths, and the distinct­
ness of maxima and minima tend to become less marked, many 
of the maxima in simpler compounds tending to merge into 
inflexions. This is borne out by the two phenanthrenes 
prepared here, (XVII) and (VII), in which, in the wave­
length region 270-305 , there is a general loss of fine
structure. In compounds with substituents in the 9- or 
10- position the loss of fine structure in the ultra­
violet tends to be greater in this wave-length region 
270- 305 m/x ^10 .̂

It is also interesting to note that in 2:3:8:9- 
tetramethyl phenanthrene there are only 3 bands in the 
wave-length region 356-320 m/U , whereas in simpler com­
pounds there are 5 bands. In the ultra-violet absorption 
spectrum of 2:3:9-trimethyl phenanthrene (given previously) 
the 2nd, and 4th, bands in this region 356-320 m/U are 
tending to merge into inflections.

The greatest variation in the heights of the maxima
takes place in the wave length region 300-356 nyA . The

M 1)bands in this region according to Clar v ' are due to the 
"diyl" states of the molecule and the 1st, 3rd, and 5th, 
bands depend on the 9-10 diyl state, while the 2nd, and 
4th, bands are related to the 1;4-diyl state.
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(9)Askew v ' has shown from the study of various com­
pounds that when there is a substituent in the 9- or 10- 
position the intensity is usually increased for the 1st, 
3rd., and 5th, maxima. In the 2s3:8s9-tetramethyl 
phenanthrene these latter bands have increased in intensity, 
i.e. the bands at 356 djaa , 339*5 mm  > and 324 m m  • This 
increase does not however appear to depend entirely on 
the substituent in the 9- position since in thi^case the 
introduction of the methyl group in position 8 has 
increased the intensity compared with 2s3:9-trimethy1- 
phenanthrene (see U.V. Spectrum previous).

Summary.
The 2s3:9-trimethylphenanthrene and the 2s3:8s9- 

tetramethylphenanthrene have been prepared and character­
ised for the first time.

Anlsattempt was made to prepare 2s3:5:9-tetramethyl- 
phenanthrene but an inseparable mixture was obtained*
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Condensation of 2:3:6- Trimethylnaphthalene with 
Succinic Anhydride.

Ref. Haworth etal, J., 1932, 1784,2248, J.,1934,454.
The 2:3:6-Trimethylna.phthalene (10 gms.), succinic 

anhydride (5^9 gms.) were added to a solution of aluminium 
chloride (15.3 gms.) in nitrobenzene (60 ccs) at 0°C.
The mixture was stirred at room temperature for 3 hours, 
decomposed with ice and hydrochloric acid and the nitro­
benzene steam distilled. The residual mixture was 
cooled andextracted with ether and the ether extract was 
extracted with sodium carbonate. This latter extract 
was acidified and the precipitated acid extracted with 
ether. After suitable washing and drying of the ether 
extract, the ether was evaporated and the crude product 
obtained.

Fractional crystallisation from methanol three times 
yielded an acid (1.32 gms) m.pt.183-188°C (softens 180°C) 
(Found, C-75.78^, H-6.79#; requires C-75.51%,
H.6.72#). Its methyl ester melted at 86*r86.5°C (Found, 
C-75.77#, H-7.31/6; C18H2()03 requires C-76.05^, H - 7 . W .
The ultra-violet absorption spectrum of the acid showed 
that it was an -naphthoyl propionic acid, and was 
established by conversion to 2:3:8:9-tetramethylphenan- 
threne (see discussion page^^")to be ̂ 4?-(3:6:7-1 rime thy 1-
1-naphthoyl-) propionic acid (XIII). The yield of this



acid was about 8.5%.
The crude residual mixture abtained from the mother 

liquors was treated with ethereal diazo-methane to 
convert the acids to their methyl esters. On fractional 
crystallisation of the crude esters 3 times from methanol 
a pure ester (1.30 gms) was obtained m.pt. 93-94°C.
(Found C-75.74%, H-6.96%; C-jgHgQO^ requires C-76.05%, 
H-7.1%). The acid obtained from the ester by hydrolysis 
melted at 165-172°C. (Found C-75.36#, H-6.61#;
C^yH-jgO^ requires C-75.51%, H-6.72$).

The ultra-violet absorption spectrum confirmed that 
this was a - n a p h t h o y l  acid, and since there is only 
one possibley S  -isomer it must be / ^ -(3:6:7-trimethy1-
2-naphtheyl-) propionic acid. The yield of this acid 
was 7*8% of the theoretical.
Preparation of ̂ -(3:6:7-trimethyl-2-naphthyl-) butyric 
acid (III).

Ref. Huang-Minlon, J.A.C.S., 1946, 68, 2488.
The above methyl ester, methyl/d? -(3:6:7-1rimethy1- 

0 Corots:, 0
2-naphtl^rl-) bu4yrato (m.pt. 93-94 C) (1 gm), sodium 
hydroxide (0.5 gm.), diethylene glycol (8 ccs) and 
hydrazine hydrate (90%, 0.5 cc) were refluxed for 1 hour. 
The reflux condenser was then removed and the temperature 
allowed to rise to 195-200°C. The condenser was replaced 
and the mixture refluxed at this temperature for 3 hours. 
It was then cooled, acidified and extracted with ethyl 
acetate, and the acid (0.7 gm) isolated in the usual way.



On recrystallisation of the acid from benzene-petroleum/ 
ether (40-60°C b.pt.) it melted at 159-164°C. (Found 

C-79.46%, H-7.54%, ^^^20^2 re(luires C-79.65%, H-7.86%).
Its methyl ester, prepared by treating the acid with 
diazo-methane in the usual way, on crystallisation from 
methanol melted at 90-91.5°C. The yield was 78% of the 
theoretical.
Preparation of 6;7;10-trimethyl-4-keto-1:2:3:4- 
tetrahydropihenanthrene (IV)

Ref. Wilds,. J.A.C.S., 1942,64^, 1421. Org.Reactions 
Vol. II, 136.

Phosphorus pentachloride (0.4 gm) was added to the 
above butyric acid (III) (0.4 gm) in benzene solution 
(15 ccs) at 0°C. The mixture was shaken occasionally 
and allowed to stand at room temperature for 1 hour. It 
was then heated gently on the steam bath for 5 minutes 
to ensure completeness of reaction, and afterwards cooled 
to 0°C. Stannic chloride (0.4 cc) in dry benzene (0.4 cc) 
was added to the stirred chilled solution of the acid 
chloride. It was stirred for 15 minutes at 0°C and the 
complex hydrolysed with ice and hydrochloric acid. The 
mixture was extracted with benzene and the benzene extract 
was washed with water, sodium carbonate solution, water 
and dried. On removal of the benzene the^ketone (IV)
(0.33 gm) crystallised from cyclohexane, m.pt.163-164°C• 

(Found C-85.83%, H-7.88%, C-j^H^gO requires C-85.67%, 
H-7.61^). The yield was 90% of the theoretical.



Reduction of the above ketone (IV) to the corresponding 
alcohol (V).

The above ketone (IV) (0.15 gm) was added dropwise 
in ether (dry) solution to a slurry of lithium aluminium 
hydride (0.24 gm) in ether (dry) solution. The mixture 
was refluxed for 3 hours. It was cooled and the excess 
lithium aluminium hydride decomposed by the dropwise 
addition of ethyl acetate. The mixture was then poured 
into ice and hydrochloric acid and the ether layer 
separated. After suitable washing and drying the ether 
was evaporated and the crude alcohol (0.15 gm) crystal­
lised from benzene, m.pt. 175-177°C. (Found C-85.17%, 
H-8.50%; C1?H200 requires C-84.95%, H-8.39%).
Preparation of 2:3:9-Trimethylphenanthrene.

The above alcohol (V) (0.15 gm) was dehydrated by 
heating with fused potassium bisulphate (0.015 gm) to 
180°C for ten minutes, and the dihydro-phenanthrene (VI) 
distilled.

The dihydro-phenanthrne (VI) was dehydrogenated by
(6 81heating with palladium-charcoal (30%) v ^' in an atmos­

phere of carbondioxide in the usual way (p. 69.)* The 
phenanthrene (VII) sublimed out of the catalyst gradually 
as dehydrogenation proceeded at 240°C, It crystallised 
from methanol as plates, m.pt. 107-108°C. (Found C- 
92.91%, H-7.18%, C1?H16 requires C-92.68%, H-7.32%). Its 
picrate had m.pt. 179-181°C (Found C-61.23%. H-4.31%;



C17H16,C6H3°7N3 recluires C-61.47%, H-4.26$), its s-tri- 
nitrobenzene complex had m.pt. 193-194°C (softens prior 
to melting).
Attempted preparation of 2:3:5:9- Tetramethylphenanthrene(IX) 

The ketone (IV) was reacted with methyl magnesium 
iodide under the normal experimental conditions. The crude 
product was dehydrated and dehydrogenated simultaneously 
by heating with palladium-charcoal (30%) 240-250°C.
The product of the dehydrogenation sublimed out of the 
catalyst gradually.

It was chromatographed on activated aluminia with 
petroleum/ether (40-60°C b.pt.) - 40$ benzene as eluent.
On crystallisation from methanol it melted at 138-143°C. 
(Found C—91.11%, H-9.01$). 2:3:5:9-Tetramethylphenanthrene, 
C-jgHig requires C-92.26$, H-7.74$. Its s-Trinitrobenzene 
complex melted from 155°C to180°C. The ultra-violet absorp­
tion spectrum (p.HSct) is of the phenanthrene type.

The analysis suggested that it probably was a mixture 
of phenanthrene (IX) and the corresponding tetrahydro

compound. (C18H22 re(luires % j ^ " 9-3%) ^Sr
was again heated with palladium-charcoal in an atmosphere of 
carbon dioxide. The product sublimed out slowly at 240°C. 
Oh recrystallisation from methanol it still melted at same 
temperature.

Yet another attempt was made to obtain a pure phenan­
threne by subliming the mixture slowly through palladium-



charcoal at 300°C. No pure product was isolated. It 
was concluded that an inseparable mixture had been 
obtained.
Preparation of ̂ ~(3:6:7-trimethyl-1-naphthyl-) butyric 
acid (XIV).

Ref. Huang-Minlon, J.A.C.S., 1946, 68, 2488.
The keto-acid (XIII) (1.2 gm.), sodium hydroxide 

(0.6 gm), diethylene glycol (15 ccs) and hydrazine hydrate 
(90$, 0.6 ccs) were refluxed for 1 hour. The condenser 
was removed and the temperature allowed to rise to 195-200°C. 
The condenser was replaced and the mixture refluxed for 
3 hours. The product was isolated in the usual way (p.77). 
The desired butyric acid (0.92 gm) was isolated, and on 
crystallisation from benzene melted at 155-159°C, sinters 
prior to melting at 150°C. (Found 0-79.98$, H-7.98$,

^17^20^2 re(Iuires 0-79*65$, H-7.86$). The yield was 90$ 
of the theoretical.
Preparation of 6:7:10-trimethyl-1-keto-1:2:5:4-tetrahydro- 
phenanthrene (XV).

Phosphorus pentachloride (1 gm) was added to the 
above butyric acid (0.9 gm) in benzene solution q,t 0°C.
The mixture was shaken occasionally and allowed to stand 
for 1 hour at room temperature. It was then heated on 
the steam bath gently for 5 minutes to ensure completeness 
of reaction and afterwards cooled to 0°C. Stannic chloride 
(0.98 cc) in dry benzene (0.8 cc) was now added to the



stirred solution. The product was isolated by a 
similar method to that given on page6>7?KX The ketone 
(XV) (0.9 gm) crystallised in short prismatic crystals 
from benzene-petroleum/ether (40-60° b.pt.), m.pt. 
129-130°C. (Found 0-85.60$, H-7.91$, C ^ H ^ O  requires 
0-85.67$, H-7.61$).
Preparation of 2:3:8:9-Tetramethylphenanthrene (XVII).

The above ketone (0.9 gm) was added in benzene 
solution to an ether solution of methyl magnesium iodide 
prepared from methyl iodide (6 gms) and magnesium turnings 
(1.01 gms) so that the ether gently refluxed. Most of the 
ether was distilled off and the mixture refluxed in 
benzene solution for 3 hours. The crude product was 
isolated in the usual way (p.77). It was dehydrated, 
and dehydrogenated simultaneously by heating with pallad­
ium-charcoal (30$) (^5) a£ 280-290°C in an atmosphere of 
carbon dioxide (p. 67. ). The crude product isolated in 
the usual manner was chromatographed on alumina with 
petroleum/ether (60-80°C b.pt.) - 10$ benzene as eluent. 
The 2:3:8:9-tetramethylphenanthrene crystallised from 
methanol, m.pt. 106-107°C. (Found 0-92.55$, H-7.72$, 
Ci8H i8 requires 0-92.26$, H-7.74$). Its picrate had 
m.pt. 167-169°C. (Found 0-62.45$, H-4.76$, C18H 18, 
C^H^O^N^ requires 0-62.2$, H-4.57$), and its s-trinitro- 
benzene complex had m.pt. 181-183°C (Found 0-64.68$, 
H-4.70$, C18H18.C6H506N3 requires 0-64.42$, H-4.76$).
The ultra-violet absorption spectrum is shown on pagef|Sq.
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