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ABSTRACT.

Two types of bridged, biphenyls are discussed in
this thesis, 3,ij.:5>6-diben2azepinium compounds and
5,6:7,8-dibenzo-1,4-diazocines.

An attempt to synthesise 2,7-dihydro-methoxy-
5.4:5,6-dibenzazepinium-l-spiro-1*’-piperidinium bromide
1s described. 2,7-Dibydro-"*,1"-dimethoxy-5,4:5,6-
dibenzazepinium-l-spiro-1*"-piperidinium iodide was
synthesised in an optically active condition, but attempts
to obtain it in an optically and chemically pure state were
not completely successful. The optical stability of
the impure product was determined. Attempts to
resolve or activate optically 6-methoxydiphenic acid
were unsuccessful.

,"-Dimethyl-2,5-diphenyT-5,6:7,8-dibenzo-
1,U“diazocine was obtained optically active and an
estimation of its optical stability was made. 2,5-Dimethyl'
5,6:7,8-dibenzo-1,4-diazocine-2*,5"-dicarbbxylic acid
was synthesised but attempts to resolve it were unsuccess-
ful. The optical stability of 2,5-&iphenyl-5,6:7,8-
dibenzo-1,4-diazocine-2*,5"-dicarboxylic acid was

determined.



2,5,4* [1"-Tetramethyl-5,6:7,8-dl'benzo-1,4-
diazocine and 2,5-dimethyl-5,6,:7,8-dibenzo-1,4-diazocine
were synthesised. Attempts to obtain 1,2,5,4-tetrahydro-
2,5-dimethyl-5,6:7,8-dibenzo-1,4-diazocine by reduction
of the latter diazocine appeared to be successful, but

the product was chemically unstable.
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INTRODUCTION.

In the biphenyl molecule (1), which is collinear,
the two benzene rings can rotate about the 1,1*-bond with
only a small energy barrier (e.g. Hewlett, J., 1960, 1055,
has calculated the energy barrier to be 3*9 k.cal/mole),

and so the molecule in solution can easily assume the

coplanar configuration.

()

However, the introduction of ortho-substituents
in the biphenyl molecule can bring about restriction of
the rotation about the 1,1 *-bond. The amount of restriction
depends mainly on the number of substituent groups and their
relative sizes. If the restriction in rotation makes it
difficult for the molecule to pass through the coplanar
configuration, then the compound will exist in two
stereoisomeric forms, one being the mirror image of the

other. Such compounds can be resolved into their optically



active enantiomers, provided that (a) each benzene ring is
unsymmetrically substituted, (b) a resolving group is
present, and (c) the restriction in rotation is large enough
for the enantiomers to be comparatively stable optically
under experimental conditions* As one isomer will be
converted into the other isomer simply by passing through
the coplanar configuration, the optical stability of any
such compound will depend on the ease with which the
molecule can attain coplanarity and, therefore, on the
amount of restriction of rotation*

Restricted rotation about the 1,1 *~bond can also
be brought about by joining the 2,2*-positions with a
bridge consisting of two or more atoms.

In the case of the compound containing a 2,2*-bridge

of one carbon atom, i.e., fluorene (2), there can be no

4

possibility of optical isomerism as the molecule i1s planar
(Brown and Bortner, Acta Cryst., 1954, 2, 139; Burns and
Iball, Nature. 1954, 1Z1l» 635)-

In compounds where the bridging chain is composed

of two atoms another factor may contribute to the asymmetry



of the molecule. This other factor is “intramolecular
overcrowding.” In compounds such as (3) (Hall and Turner,

, 1955, 12242), (%) (Wittig and Zimmermann, Chem.Ber.. 1953,
86, 629) and (5), (6), (?) and (8), (Armarego and Turner, J.
1956, 3668; 1957, 13), where the calculated angles between
the planes of the ring systems are not large enough to

accommodate the 0,0'-substituents, these substituents may

be bent out of the planes of the benzene rings. However, it
HC CH
&k GB CH. CHj
(S")



is not certain that this bending occurs and it is possible
that the angles of twist between the ring systems are
increased to accommodate the substituent groups*
The asymmetry of molecules such as (9) (Theilacker
and Baxraann, Naturwiss** 1951, 156; Annalen, 1953, 581%*
117), and (10) (Newman and Hussey, J.Amer*Chem.80c*, 19U7,
69* 978, 3023) is due entirely to “intramolecular overcrowding”,

as the benzo [3,U~c] cinnoline skeleton of (9) and the

phenanthrene skeleton of (1O0) are thought to be planar. For
Nil
A 'N=N
14) Cio)

example, Newman has. concluded from the ultraviolet spectrum
of (10) that the phenanthrene skeleton is not distorted
enough to produce the optical isomerism observed in this
compound.

On passing from compounds containing six-membered
bridging rings to those containing seven-membered rings,
“eintramolecular overcrowding” no longer contributes to the
asymmetry of the molecules because the increase in the size

of the bridging chain allows the angle between the planes



of the benzene rings to be large enough to accommodate
0,0*substituents without strain. Thus in such molecules
containing seven-membered bridging rings, asymmetry is due
entirely to the twisted conformation.

It has been observed that enlargement of the
bridging ring from six to seven atoms leads to an increase
in optical stability, this being demonstrated by compounds

(3) and (11) (Hall and Turner, J., 1955/ 1242).

(3)
Compound (3) has a half life period of racémisation
of 158 minutes in boiling toluene (110.5") (Hall, J., 1956,

3674), and of 13 minutes in boiling ethylbenzene ('v/136%*"),

while compound (11) has a half life period of racémisation
oT/the order of 26 hours at 172° in ethylene glycol. Thus
(11) is much more optically stable than (3)* The steric
effects due to the substituent groups (in this case, benzene
rings acting as substituents) must be the same in both cases,
so the increase in stability must be due to the greater
configurational stability of the seven-membered ring, in

which a greater distortion is required in order to pass



through the coplanar configuration.

However, hoth these bridged compounds are less
stable than 1,1 *~binaphthyl-2,2*-dicarboxylic acid (12).
The rotation of a solution of the diacid in NHDEthylformamide
was unchanged after being heated at 175~ for 8 hours (Hall
and Turner, loc.cit.). In general, bridged biphenyls are
less optically stable than the corresponding unbridged
compounds in the few cases in which direct comparison can

be made.

cor CO™H
Cii)
Many 2,2 '-'bridged biphenyls containing seven-
membered bridging rings have been obtained optically active.
Examples of these are given below;-

CH3 CHi

0
(1s)

(13) and (II4) Sako (Mem.Coll.Eng. Kyushu Imp.Univ., 1932, 6,283)



OOHx OEL

IO

(is-J
(15) Beaven, Hall, Lesslie and Turner, (i., 1952, 85U)

GWa

0/\

07)

(16) and (17) Vfittig and Zimmermann (Chem.Ber.. 1953, 629)

$t)

0f)
(18) Truce and Emriok (J.Amer.Ghem.Soc., 1956, %8, 6I130).



m NO: M NJk

CCOX" Hs)"

(19), (20) and (21) Iffland and Siegel (J.Amer.Chem.Sog..,

1958, 80, 190-7).
CL CL

(22) and (23) Pitts, Siegel and Mislow (J.Amer.Chem.Soc.. 1958,

80, 0.80).
NO:

CN
NH NH

(20-), (25), (26) and (27) Newman, Rutkin and Mislow

(J «Amer «Ghem. See.. 1958, 80, 0-65)



N%} le
04 CHj CH3 CH
(aq) C3Q)

(28), (29) and (30) Ahmed and Hall (J., 1958, 3043)

QiiOH CH,OH CH"OH CH"OH

(37) C ss;

(31), (32), (33), (34) and (35) Mislow and Glass,(j.Amer
Ghem.Soc., 1981, ai, 2780).
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It will be noted that only two 2,2*-bridged
biphenyls containing seven-membered bridging rings have
been obtained optically active when not substituted in the
o, o*positions, and those have proved to be much less
optically stable than related compounds containing
substituents in the o0,0*positions. For example,
compound (21) has a half life period of racémisation of
80 minutes in cyclohexane at 31.5”, while compound (28)
has a half life period of racémisation of 16 hours in
benzene at 125* . It can be seen that the introduction
of substituents in the o0,0* positions greatly increases
the optical stability of these compounds.

Compound (28) is much more optically stable than
compound (30), which has a half life period of racémisation
of 6.5 hours in dilute hydrochloric acid at 80". This 1is
only to be expected when these compounds are compared
with related unbridged biphenyls. With these it has been
found that the optical stabilities of biphenyls substituted
in the ortho positions depend mainly on the relative sizes
of these substituents. The relative sizes (or steric
effects) of different groups are generally accepted to be
in the order of NO** OCH2™" F, in the case of the
racémisation of optically active biphenyls (Adams and

Yuan, Chem.Rev., 1932, 12, 261).
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However, when the optical stabilities of compounds
(28) and (30} were compared with that of (15), it appeared
that the stabilities were in the order of OCH"" P.
Compound (15) was only partially racemised when a cyclohexanol
solution of it was boiled (160°) for eight hours. The
difference in the valency states of the nitrogen atoms in
the compounds (28) and (13) might be the cause of this
anomaly* Accordingly, the methiodide (29) of (28) was
made. It had a half life period of racémisation of U.75
hours in acetone at Ili3°# Thus it is nearly twice as
stable as the dinitroazepine (28) but still not as stable
as the dimethoxyazepinium compound (15)*

For this present work, it was thought that the
optical stability of the dimethoxyazepinium compound
needed investigating more fully and that the problem would
be further clarified if the unsymmetrical monomethoxy-

azepinium 1odide (36) could be obtained optically active.

OCH

]I©

3fo)

-er
This would give a clear/picture of the effect of the
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methoxyl group on the optical stability of these types of

compound.

A few bridged biphenyls with an eight-membered

bridging ring have been obtained optically active. These

are given below*

(37)
(38)
(39)

(140 )

HOP'
I H
M N Covnnns C
32
(37) (37)
HQC
(Lo)

Kuhn and Goldfinger (Annalen. 1929, 47 Q> 183)*%

Bell (J.., 1952, 1527).

Dvorken, Smyth and Mislow (J.Amer.Ghem.Soc., 1958,
80. 486)*

Ahmed and Hall (J., 1959, 5383) *
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Little was known about the optical stability of
compounds (3?) and (38) and, therefore, how their stabilities
compared with those of the eight-membered saturated ring
compounds (39) and (40). The diazocine (38) was resolved
by recrystallisation of its brucine salt from ethanol,
and the diazocine (37) was made by condensing optically
active 2,2”-diamino-1,1 *binaphthyl with benzil at 200°.
Therefore, all that could be said was that (38) was
optically stable below ~ 80° and (37) below 200°.

The optical stabilities of the other two compounds,
(39) and (40), have been studied more fully. The diacid
(39) was obtained in two forms, one f"m being the cis acid
and the other one of the two possible trans acids. The cis
acid was resolved through its morphine salt from acetone,
and it has a half life period of racémisation of 85 minutes
at 31.5°, and of 630 minutes at 16.5°, both in ethanol.

The trans acid was resolved through its brucine salt from
acetone, and has a half life period of mutarotation of

12 minutes at 31.5° in ethanol. The (+)- a-bromocamphor-

Il -sulphonate of (40) underwent an asymmetric transformation
by crystallisation from ethanol-ethyl acetate. The azocine
picrate has a half life period of racémisation of 3.5 minutes

at 16° 1in acetone.
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Thus the cis diacid is more optically stable than
the azocine picrate although both are unsubstituted in the
o,£*-positions. This may be due partly to the presence of
the smaller nitrogen atom in the bridging ring of the
azocine picrate and partly to the use of different solvents
in the determination of these rates. It is also to be
expected that the tendency of the azocine picrate, unlike
the diacid, to be ionised to some extent under these
conditions must affect the rate of racémisation. This 1s
borne out by the fact that the diacid has a half life
period of racémisation of 610 minutes at 16.5° in 2.32N
sodium hydroxide solution. Thus it is slightly less
stable in sodium hydroxide than in ethanol. However, at
the same time it shows that this factor must contribute
very little to the optical stabilities of these compounds
and it does not account for the large difference between
the optical stability of the azocine picrate and that of
the cis acid.

Even from the little information available it
appeared that the diazocines were much more stable than
the compounds containing the saturated bridges, and that
this increase in optical stability was due to the presence
of the double bonds in the bridging rings of the diazocines.

The double bonds would tend to make the whole structure
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more rigid and therefore would make it more difficult
for the molecule to attain coplanarity.

It was decided to investigate the optical
stabilities of some diazocine compounds and to compare them
with compounds (39) and (40). For purposes of comparison
it would be necessary to investigate the optical stability
of a diazocine unsubstituted in the 0,0*positions. The

diazocine (41) seemed to be i1ideal for this purpose.

(if1)
Accordingly, it was decided to attempt to synthesise it
and to resolve it. Failing this, the investigations
would be carried out on the compound (38).

The presence of substituents in the 0,0”"-positions
would be expected to increase the optical stabilities of
these diazocines. It was thought necessary to obtain
such a compound in an optically active condition in
order to examine the effect of the substituent groups
on the optical stability. The diazocine (37) appeared
to be too stable for this purpose so it was decided to

attempt to prepare compound (42) in its optically active

forms.
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CH) CH)

The methyl groups should not have such a large steric
effect as the benzene rings of the binaphthyl compound,

which act as substituents.
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DISCUSSION.

(a) Methoxydl'benzaze'plnlum compounds.

An attempt was made to obtain 2,7-dihydro-i+'-methoxy-
3>4 :5>6-dibenzazepinium-l-spiro-1"—piperidinium bromide (l1)

by the following synthesis.

OH OH 0 CH3 OCH3
Mo.
CHI ICH CHZ
0) 2 (3) (4;
4
OCH,
CH: CH:
(W
OCH:
CH
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.OCH

8r©

©
01)

2-Nitro~m~cresol(2) was prepared by the method of
Gibson (J»> 1923, 121. 1269), using the modifications
given by Kenner and Turner (J., 1928, 23UO0). Steam
distillation of the nitration mixture gave a product which
could be used without further purification* M¢éthylation
of 2-nitro-m-cresol with dimethyl sulphate gave 3“Rieth.oxy-2-
nitrotoluene (3)# The method used was that of Haworth and
Lapworth (J., 1923, 123, 2982), with modifications by Hall
and Turner (J., 1951, 3072). 3-Methoxy-2-nitrotoluene was
reduced to 2"-amino-3-niethoxytoluene (4) by the wet iron
method used by Gibson (loc.cit.). It was found that the m
success of the reduction depended very much on the source
and the size of the iron filings used, and, even under
optimum conditions, some starting material was always
recovered during the steam distillation of the reaction
mixture. The amine was diazotised and converted into
the corresponding 2-bromo-3-methoxytoluene (5) by the
method of Hodgson and Beard (J., 1925, 127. U98). Decomposition

of the diazo compound in the presence of cuprous bromide
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would only take place when the reaction mixture was heated
on a boiling water bath, and even then the reaction was
very slow. It was found that the removal of the product
by steam distillation could be started before the decomposi-
tion of the diazo compound had ceased, and that the decomposi
tion was completed during the steam distillation. , The bromo
compound was then converted into its corresponding lithium
compound (6).

There are two possible methods of making a
lithium compound like 2-lithium-3-methoxy-toluene (6). The
first method is a direct reaction of the bromo compound
with free lithium. The second method involves the
preparation of phenyl-lithium from bromobenzene. Then,
under suitable conditions, an exchange reaction can take
place between the bromo compound and phenyl-lithium to give

the required lithium compound and bromobenzene.

OCH3 OCH,

(p) w

Accordingly, the preparation of the lithium
compound was attempted by both methods and the success of
each method was determined by pouring the resulting ethereal
solution of the lithium compound on to a mixture of solid

carbon dioxide and ether. 3-Methoxy-o-toluic acid (12) was
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isolated from both products. It was found that the first

CH3
CoS

method using free lithium gave a better yield (50%) than
the second method using phenyl-lithium (5/%) & Therefore,
it was decided to prepare the lithium compound (6) by the
direct reaction of the bromo compound (5) with lithium.
Then, without isolating the product, 2-methylcyclohexanone
was added to an ethereal solution of the lithium compound.
The product (?) of this reaction was isolated and was
dehydrated by heatingtwice with naphthalene- (3-sulphonic acid,
at a temperature above 100", to give a mixture of 2*-methoxy-
6'-methylphenyl-2-methylcyclohex-1-(and-6-)ene(8a and 8b).
2,2"-Dimethyl-6-methoxybiphenyl (9) was prepared by
dehydrogenating the above mixture of phenylcyclohexenes
with 5% palladium-charcoale
It was intended to carry out the bromination of the
above bitolyl with N-bromosuccinimide in the presence of
benzoyl peroxide. This method had previously been used
successfully by Wenner (J.Org.Chem.. 1952, JJ9 523), and by
Ahmed and Hall (j., 1958, 3043) to brominate other bitolyls.
A solution of the bitolyl (I mol.) in:dry carbon
tetrachloridevwas heated under reflux with N-bromosuccinimide
(2 mol.) and a small amount of benzoyl peroxide. The

heating was carried out on a water bath kept at 'v 90" and
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was continued for eight hours. A fter only a few minutes
heating, the solution went a dark red-hrown as free bromine
was liberated, and the solution remained this colour through-
out. The crystals of N-bromosuccinimide gradually
disappeared from the bottom of the flask and different
crystals appeared floating on the surface of the solution.

A fter eight hours, the reaction mixture was filtered hot and

the filtrate was evaporated to dryness. A brown gum was

obtained. The crystalline solid, which had been filtered
1

off , was identified by its melting point as succinimide.

All attempts to isolate a solid from the gum mentioned above
failed. Therefore, the gum was dissolved in benzene, the
benzene solution was dried over calcium chloride, and was
filtered. A slight excess of piperidine was added and

the solution was warmed at ~ 50" for five hours. During
this time, needle-like crystals mixed with a sticky gum
appeared at the bottom of the flask containing the solution.
The solution was decanted off and the residue was washed
several times with warm, dry benzene. The sticky gum
dissolved up completely leaving white needles of piperidine
hydrobromide. Had the azepinium compound (11) been formed,
it would have been insoluble in benzene. The rapid
appearance of free bromine in the reaction mixture made it
seem likely that the bromination was not proceeding

satisfactorily. Therefore, a method of Looker and Holm



22.

(j.Qpg.Chem. . 1959, 2~, 56?) for the removal of excess
bromine by distillation was adopted, carbon tetrachloride
and bromine being slowly distilled off during the reaction.
At the same time, more carbon tetrachloride was added to
keep the volume of the reaction solution constant. However,
once again no azepinium compound was obtained from the
reaction with piperidine. Finally, bromination was
attempted with free bromine at 120”. A reaction took place
and acidic fumes were evolved but no azepinium compound
could be isolated as a result of the reaction with
piperidine.

From these experiments, i1t was concluded that
little or none of the dibromo compound had been formed.
However, it did appear that some reaction was taking place.
It seems probable that/huclear rather than side-chain
bromination was taking place in all the experiments carried
out.

As it appeared to be impossible to obtain
2,2*-bisbromomethyl-6-methoxybiphenyl (10) from the
bitolyl (9), it was decided to attempt to demethylate the
bitolyl, and then to attempt to resolve the product,
6-hydroxy-2,2*-dimethylbiphenyl (13), through its
(-)-menthoxy-acetate.

OH

CHj M



23-

The following attempts were made to affect this
déméthylation.
(1) A solution of the bitolyl(4 g.)in a mixture of
hydrobromic acid (10 c.c.; d 1*49) and glacial acetic
acid (40 c.c.) was boiled under reflux for 9z hours.
(2) A solution of the bitolyl (5 g.)in a mixture of
hydriodic acid (IO c¢c.c.), which had been shaken with red
phosphorus to remove most of the free iodine, and acetic
anhydride (40 c.c.) was boiled under reflux for six hours.
(3) A mixture of the bitolyl (4 g.) and pyridine (1 g.)
was heated at 200-210" for five hours in the presence of
hydrogen chloride gas.
4) A solution of the bitolyl (4 g.) in a mixture of
hydriodic acid (6 c.c.), which had been boiled under reflux
for hour with red phosphorus to remove all traces of free
iodine, and glacial acetic acid (30 c.c.) was heated at
80-100" for hours.
(5) A solution as used in experiment (4) was heated at
140* for four hours.

(6) A solution of the bitolyl (2.9 g.) in iodine-free
hydriodic acid (6 c.c.) and acetic anhydride (30 c.c.)
was boiled under reflux for one hour..

No déméthylation took place in experiments (2), (4)

and (3)# In experiments (1) and (3), déméthylation did
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take place and some 6-hydroxy-2,2*-dimethylbiphenyl,

m.p. 41-43" (after recrystallisation), was obtained.

(Pound: G, 84.,5; H, 7.1. requires C, 84.8;

H, 7.1%.) The phenol was recrystallised from methanol in

an acetone-solid carboi>dioxide freezing mixture, and was

filtered off under the same low temperature conditions.

However, the amount of product in both cases was very

small ( <0.5 g.), and most of the starting material was

recovered unchanged. Attempts to make the déméthylation

go to completion under the conditions of experiments (1)

and (3), by heating for much longer periods, were unsuccessful
In experiment (6), the reaction mixture was poured

into cold water and a yellow oil was obtained. The oil

was extracted with ether. The ethereal lay*er was washed

twice with acidic sodium metabisulphite solution, and then

A 15 times with luke-warm water until the aqueous extracts

were only slightly acid to litmus. The ethereal solution

was dried over calcium chloride, and then,the ether was

removed by distillation. The residue was a pale.orange

oil, which crystallised after standing for four days. The

solid was recrystallised from ethanol giving colourless

needles with a melting point of 70-72%. On analysis, this

solid was found to be the acetate of 6-hydroxy-2,2 *~dimethyl-

biphenyl (14). Pound: C, 79.8; H, 6.6. 7*16"16" requires

G, 80.0; H, 6.7%.). Hydrolysis of this acetate with
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OCOCH"

alcoholic potassium hydroxide gave the required phenol (13).
Attempts to repeat this déméthylation under the
same conditions failed to give any trace of the acetate or
of the phenol. The original experiment had been carried
out with some bitolyl which previously had been recovered
from unsuccessful déméthylation experiments using hydrobromic
acid and glacial acetic acid. It is thought probable that
this sample contained a slight trace of an impurity,
possibly hydrobromic acid, which had a catalytic effect on
the reaction when carried out under the conditions of
experiment (6). Mien using freshly-prepared bitolyl,
this catalyst would not be present, and so the déméthylation
would not proceed as expected*®
Thus attempts to find a satisfactory method of
demethylating 6-methoxy-2,2*-dimethylbiphenyl failed and
the project was abandoned.
An attempt was made to obtain 2,7-dihydro-4’-methoxy-
3,4:5,6-dibenzazepinium-Il-spiro-1 *’-piperidinium bromide (I1)
by a different route. The general scheme of this synthesis

is given below.
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INO,
-f

OCH:

OCH-

aOd AOH
PC H;

CHpM Ct-IfiH

(2,)

COMH

05;

OCH

26.

CO, H
Iver
OCH-. 0
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%
CO~CHj
1
OCH
07?;
CO~CMj
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OCH
CH"r CH,6r
(2Z)
PCW,
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3-Methoxy-2-nitrotoluene {¢3)9 which was prepared hy
the method given above, was oxidised with potassium permanganate
to 3-methoxy-2-nitrobenzoic acid (15) according to the method
of Hall and Turner (J ., 1951" 3072). The time of boiling was
reduced from nineteen to fifteen hours. The acid was reduced
with ferrous sulphate and ammonia to 2-amino-3-methoxy-benzoic
acid (16) (Pschorr, Annalen, 1912, 391, 23), which was then
diazotised and converted into 2-iodo-3-methoxybenzoic acid (17)
by the method of Stanley, McMahon and Adams (J.Amer.Chem.Soc.,
193372 ~9 706). The acid was esterified (Stanley, McMahon and
Adams, loc.cit.), and the ester, methyl 2-iodo-3-niethoxybenzoate
(18) was heated with methyl 2-iodobenzoate (19) and copper
bronze at 245-255". The oil obtained by extracting the
reaction mixture with chlorobenzene was fractionally distilled
under reduced pressure. By repeated recrystallisation of
solids obtained from the various fractions, dimethyl
6,6*-dimethoxydiphenate, dimethyl diphenate, and dimethyl
6-methoxy-diphenate (20) were isolated. The required biphenyl,
dimethyl 6-methoxydiphenate, was obtained in 20% yield. It
was then reduced to 2,2*-bishydroxymethyl-6-methoxybiphenyl (21)
using lithium aluminium hydride. Attempts have not yet
been made to obtain 2,2*-bisbromomethyl-6-methoxybiphenyl (22)

from the bishydroxymethyl compound.
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6~Metjioxycliphenic acid.
Since dimethyl 6-methoxydiphenate (aj was available
in some quantity, it was decided to hydrolyse it to

6-methoxydiphenic acid (23) and to attempt to obtain this acid

in an optically active condition.

(23)

Resolution was attempted by the crystallisation
of the quinine, brucine, strychnine, ephedrine and cinchonine
salts of the acid from such solvents as absolute ethanol,
acetone, ethyl acetate and ethyl cellosolve.

The brucine salt crystallised from absolute ethanol
in the form of clusters of fine, white needles. A solution
of the brucine salt in chloroform showed no mutarotation at
0~, 21~ and 40". The salt was decomposed by shaking the
chloroform solution of the salt with dilute hydrochloric acid.
The chloroform solution of the free acid was found to be
optically inactive at 17%. The rotation of this solution
could not be observed at a lower temperature because the acid

began to crystallise out of solution on cooling. _
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The quinine salt crystallised from acetone in the form
of clusters of needles. A chloroform solution of the salt
showed no mutarotation at 0.2, 20.7*> kO™ and 60.5°.
Decomposition of the salt in chloroform at 20° gave an
optically inactive solution of the free acid.

The strychnine salt crystallised from absolute
alcohol in the form of clusters of needles. The salt was
decomposed immediately. It was dissolved in ice-cold formic
acid (100”) and then the solution was poured into a mixture
of concentrated hydrochloric acid and ice. YJhite crystals
of the free acid came down after standing for 1-2 minutes
in ice. A solution of the free acid in acetone was inactive.
Crystalline cinchonine and ephedrine salts could not be
obtained.

Attempts were made to effect the optical activation
of the acid in acetone using nor-(+)-W-ephedrine according
to the method of G-lasaer, Maypa-s and Turner (J., 1930, 1753).
The alkaloid was found to mutarotate in acetone so the acetone
solution of it was allowed time to reach optical equilibrium
before being mixed with the acetone solution of the acid.
All this was carried out at a temperature below -30° and the
polarimetric readings were taken at -30.2°. No mutarotation
was observed after the addition of the acid.

An attempt was also made using chloroform instead

of acetone as the solvent. Acetone had been used first because
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the acid is very soluble in this solvent while it is not
readily soluble in chloroform. Using chloroform, no mutarotation
was observed at -26.2", -4.7” and 17*3"* On lowering the

temperature again to -2g.9”, the rotation was found to be

unchanged. The chloroform solution was shaken with dilute
hydrochloric acid to remove the alkaloid. This procedure was
carried out at a temperature below 230° as before. The

chloroform solution of the free acid was found to be optically
inactive at -257. The experiment was repeated but no
mutarotation was observed at -10”, 0”, and UO*\ The chloroform
solution of the free acid was found to be inactive.

One experiment was conducted in chloroform using
cinchonidine instead of nor-(+)-("-ephedrine. No evidence
of any optical activation was obtained.

Vi/hen comparing 6-methoxydiphenic acid with similar
substituted biphenyls, e.g. 2*-methoxy-2-nitrobiphen;"6-
carboxylic acid (2U) (hi and Adams, J.Amer.Chem.Soc., 1935? 57.
1565), and 2”-ethoxy-2-nitrobiphenyl~6-carboxylic acid (25),

(Li and Adams, loc.cit.), it does appear that this acid should

odaL 0o,

(ilf) (25)
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be obtainable in an optically active condition. However, it
would probably be optically unstable at temperatures a little
above room temperature. Therefore, the failure to obtain
it optically active does not provide proof that it cannot be
optically activated in any way but only that the right
conditions have not been found.

An attempt was also made to activate optically the
ester (20), according to the method of Buchanan and G-raham
(J., 1950, 500). Dimethyl 6-methoxybiphenyl (I g.) was
dissolved in ethyl-(+)-tartrate (40 c.c.) at 80~". The solution
was cooled rapidly to 25" and was kept at this temperature for
30 minutes. Ice-cold water was then added to precipitate
an oil, which gradually solidified during three hours. The
solid ester was filtered off and washed well with cold water.
A solution of the dry ester in chloroform was optically

inactive.

2,7 -Dihydro-4\1 -dimethoxy-3.4:5,G-dibenzazeuinium-l-suiro-
1 *#"-uineridinium 1iodide.

The azepinium bromide had previously been synthesised
by Beaven, Hall, Lesslie and Turner (J., 1952, 854), who then
resolved it by the repeated recrystaliisation of its camphor-
sulphonate from acetonitrile. The synthesis used by the above

co-workers was followed, in general, in the present work. The
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general scheme of the synthesis is set out helow.

NH
OCH
va-r o (H 0CM3 0 CH3 0273 0 CH3
CH”"Br CHj.Br 0Oi H
10
(30)

2-Amino~3-rnethoxyhenzoic acid (I6), the general
synthesis of which has already been described, was diazotised
and converted into 6,6’-dimethoxydiphenic acid (25) by the
method of Wittig and Petri (Annalen, 19337 505> 1?) with the
modifications of Hall and Turner (J., 1951? 3072)- It was
decided to synthesise the azepinium iodide in an optically
active condition. Accordingly, the 6,6*-dimethoxydiphenic
acid was resolved by the method of Kenner and Turner (J., 1928,
2340) and Stanley, McMahon and Adams (J.Amer.Chem.Soc., 1933? 55,
706) through its diquinine salt. Preparation of optically
active 2,2”-bishydroxymethyl-S,6 *~dimethoxybiphenyl (28) was
attempted by the reduction of the optically active acid with

lithium aluminium hydride* However, on no occasion did the
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reduction go to completion and the recovered acid had always
undergone some racémisation during the reaction. Therefore,
the acid was converted into 1ts dimethyl ester (27) with
diazomethane. The ester was readily reduced to the diol with
lithium aluminium hydride, according to the method given by
Hall and Turner (loc.cit.) for the racemic ester.

The diol (28) was then added to phosphorus
tribromide at 0" and a white solid was obtained when the reaction
mixture was poured into a mixture of ice and water. Attempts
to recrystallise this solid, which was presumed to be crude,

optically active 2,2*-bisbromomethyl-6,6*-dimethoxybiphenyl (29),

were unsuccessful. It was, therefore, dissolved in benzene,
the benzene solution was dried and piperidine was added. A
yellow gum, insoluble in benzene, was obtained. This gum

solidified on exposure to air and was recrystallised from

acetone-light petroleum. Two crops with different optical
rotations were obtained. These two crops of the azepinium
bromide were subsequently converted into the corresponding
azepinium iodide.

Both crops showed anomalous optical dispersion,
and the azepinium iodide obtained from the first crop of
bromide failed to give a satisfactory analysis result. The
azepinium iodide obtained by Beaven, Hall, Lesslie and Turner
(J., 1952, 854) did not show anomalous dispersion. The

infra-red and ultra-violet spectra of the first crop of
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azepinium iodide and those of the azepinium iodide obtained
by Beaven eb al. were compared. They had many similarities
but were not exactly identical. It was therefore concluded
that the product obtained in the present work was chemically
and, therefore, optically impure. Attempts to purify further
the first crop of the azepinium iodide by recrystallisation
failed. It was thought that the presence of the impurity
was perhaps .the result of the failure to recrystallise the
bisbromomethyl compound (29 ) The above authors were able
to recrystallise the racemic bisbromomethyl compound and,
even 1f that had not removed the impurity, the repeated
recrystallisations of their azepinium camphorsulphonate,
during the resolution, probably eliminated it at any early
stage.

Both the resolved azepinium iodide and the optically
impure product obtained in the present work showed the same
order of optical stability. As the prospect of obtaining the
azepinium iodide in a pure state seemed remote at the time,
it was decided to carry out racémisation experiments on
solutions of the impure product in dimethyl formamide. The
apparatus used for the racémisations was the same as that
described on p .45. Racémisation rates were determined at
140.3" (using xylene as the constant boiling liquid), 156.2"
(using cyclohexanone), 160.0° and 162.5" (using cyclohexanol),

and 172.2” (using phenetole).
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At no time during these experiments was there any
indication that two different rates of racémisation were
being observed. In the experiment carried out at 162.5"?
during 5i hours the rotation of the solution of azepinium
iodide changed from +0*47" to +0.15". These readings were
taken on the mercury green line ( X = 5461 A), but readings
were taken at the same time on the mercury yellow line
( A =5791 A). The anomalous dispersion could be seen
throughout the 5& hours. In the same experiment, one
of the tubes was heated for more than thirty hours and
the solution at the end of this time was found to be
optically/' inactive.

The racémisation experiments were carried out with

samples of azepinium iodide with very different optical

rotations. Therefore, samples of varying degrees of
purity were used. A plot of log""k against ~ was made
and a reasonably good straight line was obtained. Values

of the activation energy, E, and of the non-exponential
term, A, in the Arrhenius equation were calculated. E was
found to be 34.1 kcal/raole, and A to be 10""““sec,”.

From all the observations made during these
racémisation experiments, it seems probable that the two
components present in the supposed azepinium iodide were

racemising at almost, if not exactly, the same rate.
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Since these experiments were carried out, it has
been found that recrystallisation of the azepiniumbromide
from ethanol-ethyl acetate greatly improves its purity.

A fter two recrystallisations, the optical rotation was
found to be very much higher than had ever been obtained
before, and the dispersion was found to be normal. It is
proposed to convert this sample into the azepinium iodid-e.
If a satisfactory analysis result for the iodide 1is
obtained, it is then proposed to carry out a racémisation
experiment on it to determine its optical stability.

If it proves to racemise at the same rate as the impure
samples, it must be concluded that the racémisation
experiments already carried out give a good estimation of
the optical stability of 2,7-dihydro-4% 1"-dimethoxy-3,4:576-

dibenzazepinium-l-spiro-1 *”’-piperidinium iodide (30).
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(b) Diazocines»
U*1"-Dimethyl-2,*-diphenyl-b,6:7,S-dibenzo-1tU-diazocine.

This diazocine (35) was made by the following synthesis.

CHa

NHz
0 (33)
NO,

(31) (32)

CH,

04)

NH, MM,

(33)

2-Amino-3-nitrotoluene (31) was diazotised and
converted into 2-iodo-3-nitrotoluene (32) by the addition
of potassium iodide. The method used was that of Carlin
and Poltz (J.Amer.Chem.Soc., 1956, 28, 1997/y but it was
modified on the suggestion of Pal (Ph.D. Thesis, London
University, 1959, p.15), who left the iodo-compound to separate
overnight, thereby increasing the yield. 2,2*-Dimethyl-6,6%*-
dinitrobipheyl (33) was prepared by the reaction of
2-iodo-3-nitrotoluene with copper bronze at 12i0-150". This

method is a modified version by Ahmed and Hall (J., 1958, '3%3)
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of that used by Carlin and Poltz (loc.cit.). The reduction
of 2,2*dimethyl-6,6*-dinitrobiphenyl to 2,2 *diamino-6,6 *-
dimethylbiphenyl (3U) was carried out according to the
method of Kenner and 8tubbings (J., 1921, Illg, 593)-

The condensation of 2,2*-diamino-6,6 *~dimethylbiphenyl
with benzil to give the required diazocine (35) had already
been accomplished by Kuhn and Goldfinger (Annalen. 1929, U7Q.
183), who heated the two substances together for twenty
minutes at 180-200". Attempts in the present work to repeat
the condensation under these conditions failed, but, by
raising the temperature to 220-230°, and by prolonging the
time of heating to four hours, it proved possible to isolate
a little of the required diazocine from the reaction mixture.
However, the product, m.p. 208-209° (after recrystallisation),
v/as rather dark. So it was decided to attempt the
condensation under different and much milder conditions.

A simple method from the preparation of
2,3-diphenyl-5f6;7,8-dibenzo-1,4-diazocine (36), by

condensing 2,2 *diaminobiphenyl with benzil in boiling

(31)
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glacial acetic acid, had recently been announced by Allinger
and Youngdale (J.Org.,Chem.. 1959, 27, 306). An attempt was
made to condense the dimethyl-diamine (3U) with benzil under
the same conditions, but no condensation product could be
isolated after boiling the glacial acetic acid solution of
the reactants under reflux for nineteen hours. However,

by using propionic acid (b.p. 11|/1°) instead of glacial
acetic acid (b.p. 118°), the required condensation took
place. The product, obtained in a similar yield, was much
paler than before and had a slightly higher melting point
of 209-210°.

It was proposed to carry out this condensation using
optically active 2,2*-diamino-6,6*-dimethylbiphenyl. This
diamine was resolved by the method of Meisenheimer and
Hiring (Her., 1927, 60, 1429), and the condensation was
carried out under the conditions given above for the racemic
diamine. An optically active condensation product was

isolated which, after recrystallisation from ethanol and from

light petroleum, had a meltinz{(g) point of 179-180°. The
dextro-rotatory diamine ( +63.7 , in chloroform) gave,
on condensation, a laevo-rotatory diazocine 22 -2,0800,
also in chloroform). Similarly, the laevo-rotatory

diamine with -63.8° gave a condensation product

with [a]5%61 +2,050°.
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This diazocine proved to he exceedingly optically
stable. The rotation of a tetralin solution of the diazocine
was unchanged after boiling under reflux (207*) for 9i hours,
and that of a diphenyl ether solution unchanged after boiling
under reflux (259°) for four hours.» Therefore, a diphenyl
ether solution of the optically active diazocine was heated
in a sealed tube, in an electrically-heated furnace. A fter
five hours at 372° (-2°), the diazocine had lost 2k% of
its optical activity, and, after five hours at 446° (-3")
the loss of optical activity was 64%. For these experiments,
the sealed tubes were put into the furnace while 1t was
still cold, and the times given above refer to the period
of heating after the furnace had reached the required
temperature. At the end of the five hours, the tubes were
removed from the furnace and were allowed to cool dov/n to
room temperature. The solutions darkened while being
heated, and it is thought that there was some slight
decomposition of the diazocine, and, possibly, of the
solvent. However, it was considered that the loss of
optical activity was due almost entirely to racémisation of
the diazocine. The main sources of error in these
experiments were thus uncertainties in the times of heating

and in the exact temperatures.
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By comparison with the results obtained hy
Kistiakowsky and Smith (J.Amer.Chem.Soc., 1936, 1043/
when racemising 2,2*-diamino-6,6*-dimethylbiphenyl, it was
found that the diazocine is more optically stable than the
diamine. Kistiakowsky and Smith (loc.cit.) heated diphenyl
ether solutions of the optically active diamine in sealed
tubes at various temperatures. The decrease in optical
activity of the diamine, after being heated at 356° for four
hours, was and 30% after 31 minutes at 3657* Thus the
introduction of the bridging ring increases the configurational

stability of the molecule*

4*1*Dimethyl-2,3-dimethyl-5.6:7.8-dibenzo-1.4-diazocine.
2,2*-Diamino-6,6*-dimethylbiphenyl was also

condensed with diacetyl. The condensation was carried out

in ethylene glycol at 160-170°. A brown gum was obtained

after pouring the reaction mixture into cold water and

extracting with ether. From this gum the required product,

4% 1**-dimethyl-2,3-dimethyl-3,6:7,8-dibenzo-1,4-diazocine (37) >

was isolated by passing a benzene solution of it through an

37)
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alumina column. However, the yield was so small that
it was considered impractical to attempt to obtain this

diazocine in an optically active condition.

2.'"-Dinhenvl-5.6:7.8-dibenzo-l.h-diazocine-2'3"Idicarboxvlic
acid (and the corresponding 2.”-dimethyl compound).

These diazocines were synthesised in the following way.

C(\H H

% : M

COXM

CHjCO GXMj —

CoOM

(Li.h)
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Methyl *-Giminobenzoate (39) was obtained by
esterifying ”~-siminobenzolc acid (38) by the method of Reigel
and Buchwald (J.Amer.Chem.80c., 1929, 484). The amino-
ester was diazotised and converted into methyl “-iodobenzoate
(40) using potassium ,iodide. The method used was one
developed by Cheung King Ling (unpublished). An unpublished
method by Cheung King Ling was also used for the nitration
of methyl £-iodobenzoate. This was carried out below 57
using a nitration mixture of concentrated nitric acid and
concentrated sulphuric acid. As well as the required methyl
4-iodo~3-nitrobenzoate (41)S which was obtained in yields
of 60-65", there was also a comparatively large amount of
a by-product which, so far, has defied identification. In
two or three isolated experiments, the yield of the required
nitro-compound was considerably lower than 607", while the
by-product was present in large quantities. As the
conditions in these few experiments appeared to be the same
as in the more successful nitrations, there is no apparent
explanation for this discrepancy. Fortunately, the by-product
could be separated from the required nitro-compound by
extracting the mixture of products with boiling water, in
which the by-product was readily soluble.

Dimethyl 2,2'-dinitrobiphenyl-4,4*-dicarboxylate (42)

was obtained from the reaction of methyl 4-iodo-3-nitrobenzoate
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with copper bronze at 180-190”, and was reduced to dimethyl
2,2*-diaminobiphenyl-4,4"'-dicarboxylate (43) using hydrazine
hydrate in the presence of Raney* nickel. The methods for
both Ullmann reaction and the reduction were those of Cheung
King Ling (unpublished work). Dimethyl 2,2*-diaminobiphenyl-
4,4*%-dicarboxylate was hydrolysed with alcoholic potassium
hydroxide to give the corresponding dicarboxylic acid (44).
This acid, 2,2*-diamino-biphenyl-4,4*-dicarboxylic acid, was
condensed with diacetyl in ethylene glycol at 130-140", to
give 2,3-dimethyl-5,6:7,8-dibenzo-1,4-d.iazocine-2*3%*'-
dicarboxylic acid (45). Attempts, to resolve this acid
through its brucine, ephedrine, quinine and strychnine salts
have, so far, been unsuccessful because the salts have
failed to crystallise from such solvents as ethanol, acetone,
ethyl acetate, ethylene glycol monoethyl ether and ethylene
glycol.

2,2*-Diaminobiphenyl-4,4*-dicarboxylic acid was
also condensed with benzil. Bell *s method (J . 1952, 1527)
of heating the acid with benzil at 260" failed to work
satisfactorily, so the condensation was carried out by
heating the acid with a boiling solution of benzil in
glacial acetic acid, in which the dicarboxylic acid was
almost insoluble, for 25 hours. 2,3-Diphenyl-5,6:7,8 -
dibenzo-1l,4-hiazocine-2*3"-dicarboxylic acid (46) was

obtained by filtering the hot acetic acid solution, concentrat
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ing the filtrate to small hulk and adding hot water. The
required product crystallised out from the aqueous acetic
acid solution. The diazocine-dicarhoxylic acid was
resolved through its hrucine salt from ethanol according
to the method given by Bell (loc.cit.).

The diazocine-dicarhoxylic acid in ethyl benzoate
solution was very optically stable and did not racemise at
an observable rate below 240". A solution of it in ethyl
benzoate was sealed up in a number of glass tubes. The
tubes were evacuated immediately before sealing and hooks
were made at the ends of the tubes at the time of sealing.
By means of pieces of wire threaded through these hooks, the
tubes were suspended down a long, wide air condenser into
a flask containing a liquid with a suitable boiling point.
The liquid was heated to boiling and, when its temperature
had become constant, the tubes were removed at suitable
intervals of time. They were immediately chilled by
plunging them into hot, then cold, water, and polarimetric
readings were taken at room temperature. Racémisation
rates were determined in this way at five different
temperatures using l-methylnaphthalene {2h7*0")9 diphenyl
ether (261.5"), diphenylmethane (268.5"), ethyl cinnamate
(274*0") and dimethyl phthalate (288.0°) as the constant

boiling solvents.
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In earlier attempts to racemise this compound,

-dimethyl formamide was used instead of ethyl benzoate
as the solvent. It was found that racémisation began to
occur at a lower temperature ( 2107), and, at 245*°
(lI-methylnaphthalene), the diazocine had a half life period
of racémisation of the order of 350-400 minutes. In ethyl
benzoate, at 247”7, the half life period of racémisation
was 52.6 hours. The racémisation in N,N*-dimethylformamide
went rather erratically and was not reproducible. The
solvent appeared to be decomposing on heating as there was
a great increase in pressure inside the tubes during the
Experiments. It is thought that decomposition of the
solvent produced gaseous amines. The diazocine-dicarhoxylic
acid, in the presence of these amines, would be partially

ionised and the resulting ions, for example (47)" would have

QC

rates of racémisation different from that of the unionised
acid.
An attempt was made to test the validity of this

hypothesis by racemising the disodium salt of the diazocine



dicarboxylic acid in water at 245" At this temperature,
the tubes could not stand up to the great pressure exerted
by the water vapour inside them and they exploded.

V/hen ethyl benzoate was first used, the solutions
of the diazocine-dicarhoxylic acid in this solvent darkened
considerably after being heated at 247" for a few hours.
Removal of air from the tubes before sealing eliminated this
trouble. It therefore appears that the diazocine-dicarhoxylic
acid had been decomposing slightly in the presence of the
air remaining in the tubes after sealing. A fter many hours *
heating at these high temperatures, there was also a tendency
for the readings to deviate slightly from the straight line
plot of log"*Ca” - ao0o ) against time. It had been noticed
with these particular tubes that there was a slight increase
in pressure inside them, and that a few bubbles of gas had
appeared in the solutions when the tubes were opened. It
was concluded that there had been a slight decomposition of
the ethyl benzoate.

Prom the results of the racémisation experiments
using ethyl benzoate as a solvent, the values of the
activation energy, E, and of A (the non-exponential term
in the Arrhenius equation, k = AefE/RT) for the diazocine-
dicarhoxylic acid (46) were calculated. E was found to
have a value of 36.5 kcal./mole, and A was calculated to

be lolosecfl.
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Thus 2,3 Tdiphenyl~5y6:7?8-dihenzo~1,4-diazocine-
2*3°*-dicarhoxylic acid is exceedingly optically stable in
comparison v/ith cis-1,2:3,4-dibenzo-1,3-cycloootadiene-6,7-

dicarboxylic acid (48) and 1,2,7,8-tetrahydro~3,4:5y6-

HQ com
] (")

dibenzazocine-l-spiro-1*piperidinium picrate (49). Mislow* s
cis-acid (48) (J.Amer.Chem.Soc., 1958, 80, 486) has an
activation energy, S, of 22.8 kcal./mole, and a value of
A of 10"*~ gsec. ”~ in ethanol, while in 2.32 N sodium
hydroxide solution, the value of E was found to be 25*4
kcal./mole and of A, 10""*" sec.~". Ahmed*s azocine
picrate (49) (J., 1959, 3383) has an activation energy, E,
of 22.0 kcal./mole, and a value of A of 10""*~"" sec.”™ 1in
acetone. The cis-acid is thus slightly more optically
stable than the azocine picrate, and, as was stated in the
Introduction, this may be partly due to the replacement

of a nitrogen atom for a carbon atom in the bridging ring.
However, the presence of two nitrogen atoms in the bridging
ring of the diazocine-dicarhoxylic acid might, if anything,
be expected to make this compound less optically stable

than the compounds (48) and (49)# Even so, the difference
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would be comparatively slight. The great difference 1in
optical stability observed between the compounds (48) and
(49), and the diazocine-dicarhoxylic acid must be due to
some other difference between them. This difference 1is
most probably the presence of the 1,3-double bonds in the
diazocine ring. The effect of these double bonds will be
to make the v/hole molecular structure much more rigid and
thus greatly increase the. configurational stability of the
molecule.

The difference in optical stability observed between
4* 1”-dimethyl-2,3-diphenyl-5,6:7,8-dibenzo-1,4-diazocine
(35) and 2,3-diphenyl-5,6:7,8-dibenzo-1,4-diazocine-2*,37-
dicarboxylic acid (46) must be due to the presence of the
p.,o’-methyl groups in the compound (35) * However, the
difficulty of accurately assessing the optical stability of
this diazocine makes any detailed comparison between them
impossible.

Before the present work was carried out, the
effect of the presence of the 1,3-double bonds in the
diazocine ring on the optical stability of this type of
bridged biphenyl could not be predicted. It was already
known that bridged biphenyls are less optically stable than
the corresponding unbridged compounds in the few cases in
which direct comparison can be made. So far, direct

comparison had only been possible in the case of biphenyls
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containing saturated bridging chains. It appears, in the
case of the diazocines, that the decrease in optical
stability, which would be expected from the briiging of the
biphenyl, is more than compensated for by the great increase
in optical stability associated with the unsaturated state
of the bridging chain because, not only are the diazocines
much more optically stable than the compounds (48) and (49),
which contain saturated bridging chains, but the diazocine
(35) appears to be much more optically stable than the
corresponding unbridged biphenyl. Therefore, the presence
of the double bonds in the bridging chain seems to have a
very much greater effect on the optical stabilities of such
bridged biphenyls than the actual bridging of the biphenyl

in the first place.
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1,2, 5)J4~Tetrah.ydro-2,3-dimethyl~5,6;7#8-dibenzo-1,U-d.iazocine

There are only two bridged biphenyls with a saturated
four-membered bridging chain which have been obtained
optically active. These are Mislow* s acid (US8) and
Ahmed*s azocine picrate (49). It was decided that it
would be interesting to compare the optical stabilities of
these two compounds with the optical stability of a compound
like 1,2,3,4-tetrahydro-2,3-dimethyl-5,6:7,8-dibenzo-1,4-

diazocine (50). If the imino groups in the bridging ring

H  NH
CHj— CH-——CH-C3%
(0

proved to be basic it was thought likely that they could

be used as resolving groups. It was therefore decided

to attempt to synthesise this compound.
2,3-Dimethyl-5,6:7,8-dibenzo-1,4-diazocine (54)

was prepared in the following v/ay*

Gh

CH: C— CH3
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2,2*-Dinitrobiphenyl (52) was prepared by heating
£“Chloronitrobenzene (51) with copper bronze at 250-260°
(Shaw and Turner, Je, 1955, 155)* It was then reduced to
2,2* diaminobiphenyl (55) using stannous chloride and
concentrated hydrochloric acid. An attempt to carry out
an iron-water reduction by the method of Shaw and Turner
(loc.cit.) failed and the starting material was recovered
unchanged. This was due probably to the type of iron
filings used. The method of Sako (Mem.Coll.Eng.Kyushu
Imp.Univ., 1952, 6, 263) was also tried but the yield was
only 50%, whereas Sako stated that he obtained the diamine
in 95% yield. The diamine was condensed with diacetyl in
ethyleneglycol at 130-135~. A benzene solution of the
brown gum obtained from the reaction was passed through
an alumina column. The diazocine (54) was isolated from
one of the fractions as a pale yellow crystalline solid,
which became white on recrystallisation from light
petroleum.

Attempts were made to obtain the tetrahydro-
diazocine (50) by reduction of the diazocine with 3% sodium-
amalgam in ethanol, according to the method of Tatiber
(Ber., 1892,£5, 3287), and of Allinger and Youngdale (J.Org,
Ghem., 1959, 506), who obtained 1,2,5,4-tetrahydro-2,5-

diphenyl-5,6:7,8-dibenzo-1,4-diazocine (55) by the sodium-
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NH NH

CH

(55) (38)

amalgam reduction of 2,3-diphenyl-5,6:7,8-dibenzo-1,4-
diazocine (36). In the case of compound (5k)9 a reaction
occurred and a white solid was obtained when the alcoholic
solution was poured into cold water. This solid
recrystallised from light petroleum in needles, m.p.161-163*"\
However, on standing for a few hours, the solid began to
go yellow and sticky, and no satisfactory analysis result
for it could be obtained.

It was concluded that the reduction had been
satisfactory, but that the reduced compound was unstable and
was very readily oxidised. Accordingly, i1t was decided

to go no further in the attempt to reduce the diazocine.
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EXPERIMENTAL.

(a) MethoxyaibenzazeDiniurn compounds.

2-Nitro-m-cresol. (Gibson, J ., 1923, 121s 1269; Modified

by Kenner and Turner, J., 1928, 2340).

m-Cresol (106 c.c.) dissolved in oleum (6-7%;
400 c.c.) was cooled to 0° in an ice-salt mixture. To this
was added a mixture of fuming nitric acid (d=1.3; 46.3 c.c.)
in oleum (6-7%; 106.5 c.c.), keeping the temperature below
10", The addition took 2-2- hours. A fter leaving overnight,
half the nitration mixture was diluted with 125 c.c. of water,
and was steam distilled in superheated steam at 1257* The
other half was treated in the same way. The orange-coloured
oil so obtained was separated from the aqueous distillates
and was used without further purification for the next stage.
The aqueous distillates were extracted once with carbon
tetrachloride. The carbon tetrachloride solution was
dried over calcium chloride, and the solvent was distilled

off to give a little more 2-nitro-m-cresol.
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7-Methoxy-2-nitro-toluene-
(Haworth and Lapworth, J*, 1923, 123, 2982; Modified
by Hall and Turner, J., 1951, 3072).

Crude 2-nitro-m-cresol (75 g*), dissolved in m-xylene
(100 c.c.) and dried over freshly dried sodium sulphate,
was diluted with more m-xylene (300 c.c.), which had been
dried over potassium carbonate. This solution was boiled
under reflux with potassium carbonate (110 g.) in a metal
bath kept at 150-160". Dimethyl sulphate (60 c.c.) was
added, with shaking, in four lots over a period of approx.
four hours. An extra 10 c.c. of dimethyl sulphate were
added near the end of the reaction, which took five hours
to complete, and during which the colour of the m-xylene
solution changed from red to yellow. The mixture was made
alkaline with 10% sodium hydroxide solution and was steam
distilled. m-Xylene distilled over first, followed by
3-methoxy-2-nitro-toluene, which was filtered off, washed
with water and recrystallised from methanol. The m-xylene
solution was separated from the aqueous distillate, and
dried over potassium carbonate. m-Xylene was distilled off
at 31-2°/33 mm., and the 3-methoxy-2-nitro-toluene, which

remained, was distilled at 117-8%/3

The yield, based on m-cresol, was 45%; m.p. 50-1".
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2-Amino-3-fflethoxvtoluene.
(Gibson, J., 1923, 17, 1269).

3-Methoxy-2-nitrotoluene (80 g.) was melted and
added to iron filings (80 g.), a little water, and glacial
acetic acid (I c.c.), which were being heated under reflux
on a boiling water bath. A fter heating for five hours, the
reaction appeared to have finished. The mixture was made
alkaline with 10% sodium hydroxide solution and was steam
distilled. At first, the yellow oil that came over went
solid on cooling, but towards the end of the distillation,
no solid was obtained even on cooling in ice. The solid was
filtered off, and pressed free of excess oil. It was
dissolved in dilute hydrochloric acid, the solution was

filtered to remove any insoluble 3-methoxy-2-nitrotoluene,

and then was made alkaline to reprecipitate the amine. The
amine was filtered off and dried. The oil obtained from
the steam distillation was extracted with ether. The

ethereal solution was washed three times with dilute hydro-
chloric acid, once with water, and was dried over calcium
chloride. The ether was distilled off, and the solid
3-methoxy-2-nitrotoluene remaining was recrystallised from
methanol. The'aqueous solution from the ether extraction
was made alkaline to precipitate the amine, which was filtered
off and dried. Both crops of amine were distilled at

100-1057/10  ram. The amine came over as a yellow oil, which
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solidified on cooling, m.p. 30-31". In a typical experiment,
42 g. of amine were obtained and 19 g. of 3-methoxy-2-nitro-
toluene were recovered. Total yield of amine, based on

nitro-compound used up, v/as 85%.

2-Bromo-3-methoxytoluene (Sandmeyer*s method).
(Hodgson and Beard, J., 1925, 127, 498).

A solution of 2-amino-3-methoxytoluene (40 g.; 1 mol.)
in 40% hydrobromic acid was cooled, with stirring, to 0"
in an ice-salt mixture. A solution of sodium nitrite
(21 g.; 1 mol.) in water (38 c.c.) was added keeping the
temperature below 37. The addition took I” hours. The
diazo solution was added to cuprous bromide (21 g.; 0.5 mol.)
dissolved in 40% hydrobromic acid in a 500 c.c. flask fitted
with a reflux condenser. No violent reaction was observed.
The flask was heated on a boiling water bath for 2" hours
and, although the decomposition of the diazo compound was
not complete, the mixture was then steam-distilled.
Decomposition was completed during the distillation. The
distillate was made alkaline to remove traces of bromine.
The yellow oil in the distillate solidified on cooling in
ice. The solid was filtered off, washed with water and
recrystallised from aqueous alcohol. Yield of 2-bromo-3-

methoxytoluene, m.p. 41-42", was 80%.
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3-Methoxy-o-toluic acid. (Method 1).

A 3-necked, 250 c.c. flask was set up on a water
hath and was fitted v/ith a dropping funnel, a reflux
condenser and an inlet for nitrogen. A calcium chloride
tube was placed in the top of the condenser. A fter the
air in the apparatus had been replaced by nitrogen, dry
ether (IO c¢.c.) and lithium wire (0.4 g.; 2.1 atoms), which
had been cut up into small pieces, were placed in the flask.
2-Bromo-3-methoxytoluene(5 g.; 1 mol.), dissolved in dry
ether, was added, by means of the dropping funnel, over a
period of “-hour. During this time, the flask was warmed

to keep the ethereal solution gently refluxing and nitrogen

was continuously passed through the apparatus. A fter being
heated for a short time more, the solution became cloudy
and yellow. The flask was removed from the water bath and,

when the reaction had stopped, the solution was decanted
through a plug of glass wool onto a mixture of Drikold and
ether. V/hen all the carbon dioxide had come off, cold

water was added to dissolve a white solid which had
precipitated out, and the two layers were separated. The
aqueous layer was washed twice with ether, was filtered,

and was acidified with dilute sulphuric acid. The white
solid so obtained was filtered off, washed with water, and
recrystallised from water, giving white needles of 3-ifiethoxy-O"

toluic acid, m.p. 139-140". The yield was 50%.
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3~Methoxy-o-toluic acid. (Method IT1).

Phenyl-lithium was prepared from bromobenzene (4.0 g.;
I mol.) and lithium (0.4 g.; 2.1 atoms) by the method
described in the preceding experiment. The solution
containing phenyl-lithium was decanted through a plug of
glass wool into another 250 c.c. flask, through which
nitrogen v/as being passed. 2-Bromo-3-methoxytoluene (5 g. ;
I mol.) in dry ether was added gradually and the mixture was
heated for an hour. On cooling, it was poured into a
mixture of Drikold and ether and, after all the carbon
dioxide had come off and water had been added, was filtered
to remove some insoluble material. It was worked up as in.
the preceding experiment.

The yield of 3-r*ethoxy-o-toluic acid, m.p. 1394,
was 31%.

The products of these two experiments were shown to
be identical by doing a mixed m.p., which was 139-140° .

The two compounds were shown to be free from bromine
by the Dassaigne Sodium Test. Therefore, in both cases,
the point of attack was the 2-position and bromine was

eliminated from the benzene ring.
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2*Methoxy-6*-methylphenyl-2-methylcyclohex-l-(and-6-)ene.
2-Lithium-3-methoxy-toluene v/as prepared, as in a

preceding experiment, from 2-bromo-3-methoxytoluene (50.0 g.;

I mol.) and lithium wire (3*8 g. ;» 2.1 atoms). The reaction

was carried out in a l-litre flask and the reaction mixture

was stirred mechanically. 30 C.c. of dry ether were allowed
for each gram of lithium. This stage of the preparation
took I” hours. The flask was then cooled and freshly-
distilled 2-methylcyclohexanone (21 g.; 0.8 mol.) was added
gradually. The reaction became vigorous at times. Heating
was continued for another hour. A little more 2-methylcyclo-

hexanone (1 g.) was added on cooling but no further reaction

took place. The solution was decanted through a plug, of
glass wool on to crushed ice. Dilute sulphuric acid was
added until the aqueous layer became colourless. The two

layers were separated and the aqueous layer extracted once
v/ith ether. The combined ethereal extracts were Washedi
once with brine, and then with a little v/ater, and were
dried over sodium sulphate. Ether was distilled off and
the residue was heated under reflux for an hour with
naphthalene-p-sulphonic acid (1.5 g#), in an oil bath kept
at 100-105". On cooling, water and ether were added.

The twro layers were separated, the aqueous layer was washed

once with ether, and the ethereal extracts were dried over

calcium chloride. The ether was distilled off and the
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residue was heated with more naphthalene-p-sulphonic acid
(1.5 g.) at 120-125" for one hour. The mixture was worked
up as before and the residue was distilled under reduced
pressure. 2-Methylcyclohexane distilled over first at
60-707/12 .mm., followed by a colourless liquid, which was
2 *-methoxy-6'* -methylphenyl-2-methylcyclohex-I-(and-6-)ene,
at 130-1357/5 imm. Yield, based on 2-methylcyclohexanone,
was 61%. (Pound: C, 83.2; H, 9.2. requires

c, 83.3; H, 9.3%).



2;2'-Dimethyl-6-methoxybiphenyl.

The above phenylcyclohexene
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(25 g.) was heated under

reflux with palladium-charcoal (5%; 4 g*) in a metal bath.

The temperature

of the bath was raised from

140%

over a period of 3 hours and then it was kept at

for a further 3& hours.

to 240"

240-250"

The mixture was cooled and

extracted with hot benzene. The benzene solution was

filtered, benzene was distilled off and the

distilled under reduced pressure.

methoxybiphen”ri

residue was

The 2,2*-dimethyl-6-

came over as a colourless liquid at 131-136"/4

(Pound: C, 84,8 ; H, 7*5%* requires

H, 7.6%).

C,

84*9;



3-Methoxy-2-

(Hall and Turner, J

nitro'benzoic acid.

., 1951, 3072).

A solution of potassium permanganate (20 g.)

500 c.c. of water was added to a mixture

nitrotoluene

(15 g.) and hydrated magnesium

in a five-litre, round-bottomed flask. The

boiled under

reflux until the purple colour of the

sulphate

solution

had disappeared. Then another solution of potassium

permanganate

boiling was

(20 g.) in 500 c.c. of water was added a
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in

of 3-methoxy-2-

(36 g.)

was

solution

nd

continued. The process was repeated until

80 g. of potassium permanganate in 2,000 c.c.

been added.
boiling for
through the
of manganese

and to preci

of water had

The purple colour disappeared completely after

fifteen hours. Sulphur dioxide was passed

alkaline solution to dissolve the precipitate

dioxide which had formed during

the reac

pitate a pale yellow, crystalline solid,

tion,

which

was 3-methoxy-2-nitrobenzoic acid. The solid was filtered

off and recr

ystallised from aqueous alcohol.

The yi

of 3-methoxy-2-nitrobenzoic acid, m.p. 251-252", was

8.3 g.

eld
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2-Amino-3-methoxybenzoic acid.

(Pschorr, Annalen, 1912, 391, 23).

A solution of 3-methoxy-2-nitrobenzoic acid (10O g.,
1 mol.) in dilute ammonia solution (70 c.c.) was added,
with stirring, to a boiling solution of ferrous sulphate
(100 g.; 7 mol.) in 220 c.c. of water. The ferrous
sulphate solution had previously been acidified with a few
drops of dilute sulphuric acid to prevent oxidation of the
ferrous ions to ferric. Ammonia (d 0.88) was then added
to the boiling mixture until the thick precipitate, which

had been formed when the two solutions were mixed, changed

colour from brown to black. The solution at this point
was strongly alkaline. It was boiled for a further five
minutes and was filtered while hot. The filtrate was

neutralised with glacial acetic acid to precipitate the
buff-coloured 2-amino-3-methoxybenzoic acid, which was
filtered off and recrystallised from aqueous alcohol (/*2:1).
The yield of 2-amino-3-methoxybenzoic acid, m.p. 169-170",

was 6 g. (71%).
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2-Todo-5-methox.v'benzoic acid.

‘(Stanley, McMahon and Adams, J.Amer.Ghem.Soc.. 1933, 706).

A suspension of 2-amino-3-methoxybenzoic acid
(60 g.; 1 mol.) in a mixture of water (500 c.c.) and
concentrated sulphuric acid (51 c.c.) was cooled to 0" in an
ice-salt mixture. A solution of sodium nitrite (24.8 g.;
I mol.) in 60 c.c. of water was added, with stirring,
keeping the temperature of the mixture below 37. The
mixture was stirred at this temperature for a further thirty
minutes, after which it was poured into a three-litre, three-
necked, round-bottomed flask containing a boiling solution
of potassium iodide (60 g.; 1 mol.) in 200 c.c. of water.
The mixture was boiled under reflux, with stirring, for
thirty minutes. On cooling, the solid 2-iodo-3-methoxybenzoic
acid was filtered off and recrystallised from aqueous ethanol.
The yield of 2-iodo-3-methoxybenzoic acid, m.p. 148-150°,

was 68 g. (68%).
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Methyl 2-lo do-5-methoxybenzoate.

(Stanley, McMahon and Adams, J.Amen.Ghem.Soc., 1933, 706).

2-Iodo-3-methoxybenzoic acid (95 g.) was dissolved
in methanol (1,206 c¢.c.) in a five-litre, round-bottomed
flask. Concentrated sulphuric acid (48 g*) was added

cautiously and the solution was boiled under reflux for

six hours. Most of the methanol was then distilled off
and the remaining solution was poured into ~ 3 litres of
cold water. Solid sodium bicarbonate was added to remove

any unchanged acid and the pale brown solid ester was
filtered off. It was recrystallised from aqueous alcohol.
The yield of methyl 2-iodo-3~ methoxybenzoate, m.p. 54-56°

was 80 g. (80%).
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Met }iyl 2-io dobenzoate.

2-Todobenzoic acid (175 g.) was dissolved in methanol
(2,200 c.c.) in a five-litre, round-bottomed flask.
Concentrated sulphuric acid (87.5 g.) was added cautiously
and the solution was boiled under reflux for six hours.
Most of the methanol was distilled off and the remaining
solution was poured into 2 litres of cold water. Solid
sodium bicarbonate was added to dissolve any unchanged acid.
The solution was extracted with ether to remove the liquid
ester. The ethereal extracts were washed once with sodium
bicarbonate solution, once with water, and then were dried
over magnesium sulphate. The ether was distilled off and
the residual oil was distilled under reduced pressure. The
yield of methyl 2-iodobenzoate, b.p. 116-120°/4 mm.. was

171 g. (92fo).

Dimethyl “G-methoxydiuhenate.

Copper bronze (30 g.) was added gradually to methyl

2-iodobenzoate (32.4 g.; 2 mol.) and methyl 2-iodo-3~
methoxybenzoate(l8 g.; 1 mol.) in a boiling tube, which was
being heated at 230" in a metal bath. The copper bronze

was added at such a rate that the temperature of the mixture

was kept at 245-235°. The addition took 25 minutes and then
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the mixture was heated at 245-255° for a further 10 minutes.

on cooling to » 160°, the mixture was extracted with boiling

chlorobenzene. The solution was filtered and most of the
solvent was distilled off. Some methanol, enough to double
the volume, was added, with stirring, to the residue. This

mixture was left in the refrigerator for two days, by which
time a solid had crystallised out. This solid was filtered
It was recrystallised from methanol
off and washed with a little ice-cold methanol.,/éind a white
crystalline solid (1.8 g.), m.p. 131-134°, was obtained.
By means of a mixed melting point it was found to be
dimethyl 6,6*-dimethoxydiphenate. The original filtrate
was evaporated down to dryness and the residual oil was'
distilled under reduced pressure. Two fractions of boiling
points 154-180°/2-3 mm., and 180-1957/2-3 mm., were obtained.
The residue remaining in the distilling flask was discarded.
The first fraction (10.9 g*) was mixed with a little methanol
(3-5 c.c.) and, after leaving in the refrigerator for a few
days, a white solid crystallised out. It was filtered off
and recrystallised (6.1 g.) from methanol. The white,
crystalline solid (4*2 g.) so obtained was found to be
dimethyl diphenate by means of a mixed melting point. The
second fraction (9*9 g#) was stirred with small amounts of
light petroleum (b.p. 40-60°) until the oil solidified. The
solid was filtered off and washed with more light petroleum
(b.p. 40-60°). It was recrystallised from light petroleum

(b.p. 60-80°). The product had a m.p. of 64-68°, but was
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found to be contaminated with some high melting dimethyl
6,5*-dimethoxydiphenate. Accordingly it was dissolved up

in boiling cyclohexane from which the impurity crystallised
out first. As soon as the low melting product was seen to

be coming out of solution, the solution was quickly filtered.
The low melting product came out of solution as an oil v/hich
solidified on standing. It was recrystallised from methanol.
The yield of dimethyl 6-methoxydiphenate, m.p. 66-68°, was
3.6 g. (20%). (Pound: C, 68.15; H, 5.7. requires

C, 68.0; H, 5.4%).

2.2* -Bishydroxymethyl-6-methoxybi-phenyl.

Sodium-dried ether (30 c.c.) and lithium aluminium
hydride (0.4 g.; 3 mol.) were placed in a 3-necked, 250 c.c.,
round-bottomed flask, fitted with a reflux condenser and a
dropping funnel. A calcium chloride tube was placed in the
top of the condenser. A solution of dimethyl 6-methoxydiphenate
(I g.; 1 mol.) in ether (70 c.c.) was added gradually, by
means of the dropping funnel, to the mixture in the flask
over a period of one hour. The solution was washed in
with 30 c.c. of fresh ether. The ethereal solution was
boiled under reflux for one hour, and, on cooling, water
and then 2N sulphuric acid were added to decompose the lithium
salts. The two layers were separated and the aqueous layer

was washed twice with fresh ether. The ethereal extracts
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were combined and the ether was distilled off. The white
crystalline residue was recrystallised from a mixture of
carbon tetrachloride and light petroleum (60-80"). The
yield of 2,2*~bishydroxymethyl-6~methoxybiphenyl, m.p. 79-81",
was 0.5 g* (62%). (Pound: C, 75.6; H, 6.55. ~15716"3

requires C, 73*75; H, 6.6".)

Q-Methoxydiuhenic acid.

Dimethyl 6-methoxydiphenate (5 g*; 1 mol.) was
added to a solution of potassium hydroxide (I4.U g*; 4 mol.)
in water (4 c.c.) and ethanol (33 c.c.) in a 100 c.c., round-
bottomed flask. The mixture was warmed to dissolve the
ester and the solution was boiled under refliox for three hours

Most of the ethanol v/as distilled off and the residue was

poured into cold water. The solution was acidified with
dilute hydrochloric acid. The precipitated acid was
filtered off and recrystallised from water. The yield of

6-methoxydiphenic acid, m.p. 219-221", was 3.6 g. (80%).
(Pound: C, 66.2; H, 4%*6. A8 275 0, 66.2;

H,
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6.6* -Dimethoxydiiphenio acid-
(Wittig and Petri, Annalen. 1933, 505. 17; Modified by

Hall and Turner, J., 1951, 3072).

2'-Amino~3-niethoxybenzoic acid (33*5 g.; 1 mol.) and
sodium nitrite (14 g.; 1 mol.) were dissolved in 200 c.c. of
INi sodium hydroxide solution and the solution was cooled to
0" in an ice-salt mixture. To this solution was added
292 g. of 10% hydrochloric acid, keeping the temperature
below 57. When the addition of hydrochloric acid was complete,
sodium metabisulphite (110 g.) and ammonia (110 c.c.; d 0.88)
were added to a solution of copper sulphate (48*5 g*) in water
(275 c.c.) and ammonia (55 c.c.; d 0.88). This catalytic
solution was cooled to below 30" and the diazonium solution
was added to it, with stirring. Thenanother solution of
anhydrous ferric chloride (72 g.) in concentrated hydrochloric
acid (360 c.c.) and water (110 c.c.) was added to precipitate
the 6,6*-dimethoxydiphenic acid, which was filtered off when
cold, washed with water and then redissolved in sodium
bicarbonate solution. This solution was filtered and then
acidified with dilute hydrochloric acid to reprecipitate the
6,6*-dimethoxydiphenic acid, which was filtered off, washed
with water and dried. The yield of 6,6*-dimethoxydiphenic

acid, m.p. 291-292", was 23.6 g. (78%).
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Resolution of 6.6*dimethoxydiphenic acid-
(Kenner and Turner, J., 1928, 2340; Stanley, McMahon and

Adams, J . Amer.Chem.80c.. 1933, 706).

Diquinine salts.

A boiling solution of anhydrous quinine (64.4 g.; 2 mol.)

in methanol (300 c.c.) was added to a boiling solution of
6,6*dimethoxydiphenic acid (30 g.; 1 mol.) in methanol

(800 c.c.). On cooling, the methanol was evaporated off,

under reduced pressure, keeping the temperature of the solution

below 40", The last traces of methanol were removed in a
vacuum desiccator. The solid residue was boiled under
reflux with one litre of dry acetone for half an hour. On

cooling, some of the solid, which had not dissolved in the

acetone, was filtered off and washed with ~ 50 c.c. of cold,
dry acetone. This salt (49 g.) was recrystallised from
dry acetone to give a white, crystalline product. The yield

of this less soluble diquinine salt, m.p. 171-173", was 43 g#
[a]*™ = +122.3" (¢c* 1%*0345, in chloroform).
Kenner and Turner report that this salt has a of +126*"
in chloroform, and Stanley, McMahon and Adams give a value
of +111.0" for [a]”™”, 1in the same solvent.

The mother liquor from the first filtration was
evaporated down to ~ 250 c.c. by distilling under reduced
pressure. A small amount of solid (I g.), which had

crystallised out, was filtered off. The remainder of the
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solvent was allowed to evaporate in the open at room
temperature. Last traces were removed in a vacuum desiccator.
A glass-like solid, which could he ground up into a pale brown
powder, was obtained. The yield of this more soluble

diquinine salt, m.p. ~ 135", was 44 g.
r -|21.5 = -66.0~ (a, 0.9775, in chloroform).

Kenner and Turner report that this salt, m.p. *760”, has a
[a]p of -68 in chloroform, and Stanley, McMahon and Adams
give a [a]*” value for this salt, m.p. 98-100", of -60"

in the same solvent.

(-)-646*Dimethoxydiphenic acid.

A solution of the less soluble diquinine salt (20 g.)
in chloroform was extracted with three 100 c.c. portions of
5% sodium hydroxide solution. The combined aqueous extracts
were extracted tv/ice with small amounts of chloroform and
nitrogen was bubbled through the aqueous solution to blow
off the chloroform dissolved in 1it. The solution was
filtered and dilute hydrochloric acid was added to precipitate
the free (-)-6,6*dimethoxydiphenic acid. The acid
precipitated as a gel, which gradually went solid. It was
filtered off, washed with a little cold water and dried.
Another 20 g. of the less soluble diquinine salt was treated
in the same way. The total yield of (-)-6,6*dimethoxydiphenic

acid, m.p. 291-292", was 7.2 g.

= -117.8° {U, 0.8830, in acetone).
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Kenner and Turner report that this acid has a of -115%
in acetone, while Stanley, McMahon and Adams report a value

for of -114.9” in acetone.

(+)-6.6*-Dimethoxydiphenic acid.

The more soluble diquinine salt (40 g.) was decomposed
in the same way. The yield of (-f)-6,6*-dimethoxydiphenic
acid, m.p. 290-292", was 8.2 g.

[a]* = +115.1" (o, 1.0035, in acetone).
Kenner and Turner do not appear to have obtained the free
(+)-acid, but Stanley, McMahon and Adams report that the free

(+)-acid has a [a]*™ of +108.5" in acetone.

Dimethyl (+)-6.6*-dimethoxydiuhenate.
(+)-6,6*-Dimethoxydiphenic acid (4.5 g.; 1 mol.) was
added gradually to an ice-cold, ethereal-alcoholic solution
of diasomethane, containing I.5 g. (2.4 mol.) of diazomethane
LTien the effervescence had stopped, a little glacial acetic
acid was added to decompose any excess diazomethane. The
white, solid ester, which had crystallised out, was filtered
off. More solid was obtained on evaporating the mother
liquor to dryness. Dimethyl (+)-S, 5*-dirnethoxydiphenate,
m.p. 104-106”, had +154.3~ (c, 0.9460, in A.R.. acetone)
(Pound: G, 65.6; H, 5.5. N8N 8M6 C, 65.45;

H, 5.5%).
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Dimethyl ( -dimethoxydiphenate.
Dimethyl (-)-6,6*-dimethoxydiphenate, prepared in
the same way from (-)-6,6*-dimethoxydiphenic acid, had a
m.p. of 105-106".
[a]*” = -158.6" (c, 0.9835, in acetone).
(Pound: C, 65.2; H, 5.35. ~13" 376 """nires C, 65%*45;

H, 5.5%).

(-)-)-2.2* -Bishydroxymethyl-6.6*-dimethoxyhiphenyl.
Sodium-dried ether (75 c.c.) and lithium aluminium
hydride (1.2 g.; 3 mol.) were placed in a 3-necked, 500 c.c.
round-bottomed flask, fitted with a dropping funnel and a
reflux condenser. A calcium chloride tube was placed in the
top of the condenser. Dimethyl (+)-6,6*dimethoxydiphenate
(3.5 g.; 1 mol.) was gradually washed into the flask, from
the dropping funnel, with more sodium-dried ether (160 c.c.).
The solution was boiled under reflux for thirty minutes and,
on cooling, water and then 2N sulphuric acid were added to
decompose the lithium salts. The two layers were separated
and the aqueous layer was washed once with fresh ether. The
ethereal extracts were combined and, without first being
dried, the ether was distilled off. The white, crystalline
product was recrystallised, with rapid cooling, from boiling
water. The yield of (+)-2,2*-bishydroxymethyl-6,6*dimethoxy-

mbiphenyl, m.p. 135-137°, was 1.8 g. {62%), [a]"® = 98.0°
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(c, 0.9545, in A.R. acetone). (Found: C, 69.9; H, 6.5;

0, 23*5. G, 70.1; H, 6.6; 0, 23#3").

(-)-2.2 *-Bishydrox.vmethyl-6.6* -dimethoxybiphenyl.

(-)-2,2 *-Bishydroxyrnethyl-6,6 *~-dimethoxybiphen”rl® prepared
in the same way from dimethyl (-)-6,6*-dimethoxydiphenate,
had a m.p. of 134-136". = t98.7* (¢, I1.01I85 in
A.R. acetone).

(Pound: C, 70.1; H, 6.6. ~16~ 874 C, 70.1,

H, 6.6%).

(t)-(or (-)-) 2.2*-Bisbromomethyl-6.6*-dimethoxybiphenyl.
(Adapted from Hall and Turner, J., 1951, 3072).

Phosphorus tribromide (6 c.c.; 6 mol.) was poured into
a 25 c.c. round-bottomed flask and the flask was fitted with
a calcium chloride tube. The fask was cooled to 0" in an
ice-water mixture and (+)-2,2 *bishydroxymethyl-6,6 *-dimethoxy-

biphenyl (2.95 g.p 1 mol.) was added gradually, the calcium”

chloride tube being removed for each addition. The flask
was shaken from time to time. The addition of all of the
hydroxy compound took 35 minutes. The mixture was allowed

to warm up to room temperature and was then warmed at 30-35"
for twenty minutes. It was poured, with stirring, on to
crushed ice. The aqueous layer was decanted and the residue

was stirred with large volumes of fresh, ice-cold water.
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During this treatment the product, a pale yellov/ oil,
solidified. The white solid was filtered off and was Washid
thoroughly with cold water. On contact with the air, 1t
began to go sticky again and attempts to recrystallise it
from light petroleum (b.p. 60-80") were unsuccessful.
Accordingly, 1t was decided to proceed to the next stage
without further purification. The product was dissolved in
benzene, the benzene solution was shaken three times with cold
water to remove all traces of phosphorus compounds, and then

was dried over calcium chloride.

(-)-2.7-Dihydr0"4 *1*dime thox.v4=3 .U : 5. G-"dibenzazeniniam-1l-suirO'
1*"-piueridinium 1odide.
(Adapted from Beaven, Hall, Lesslie and Turner, J., 1952,

The benzene solution of (+) - —)—)2,2* -bisbromo-
methyl-6,6*-dimethoxybiphenyl from the previous experiment
was filtered into a conical flask and piperidine (2.3 g*; 2.2
mol.) was added. The solution was left to stand overnight,
during which time a mixture of a yellov/ gum and white needles
appeared on the bottom of the flask. The solution was
decanted and the residue was washed several times with fresh
benzene. On the addition of one or tv/o drops of water the

yellow gum solidified. The solid was filtered off, dried and



recrystallised from a mixture of acetone and light petroleum

(h.p. 60-

80"). Yiiilte needles (1.0 g.) crystallised out and

were filtered off.

Lo-Kfph

[a-]]791

+1.7° )
-15.6° ) (c, 2.6565, in acetonitrile).
-16.2° )

A second crop (0.56 g.) was also obtained. It came

down as an oil which gradually solidified.

[a]lg5s

[a]g6i
22
L7 Jg764

ANN6907

azepinium

+22.1 )

-8.0°

I (O (c, 1.5600, in acetonitrile)
-9 0O )

-19.6

Both crops were converted into the corresponding
iodide by the following procedure.

The bromide was dissolved in the least volume of

cold water and a saturated solution of potassium iodide was

added.

The white precipitate of the iodide was filtered

off, washed with v/ater and dried. The 1odide obtained from

the first
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crop of the bromide was recrystallised from ethanol.

The recrystallised product (0.53 g.) had a melting point of

246-248"

r 22
AN4358

[ 054'61]

[ajtygi

and went yellow on exposure to light.
__10

A

-22.9% ) (c, 2.7050, in acetonitrile)

-23.5°

Further recrystallisation from ethanol did not

improve the melting point or change the optical rotation.



79.

The iodide obtained from the second crop of bromide was

not recrystallised. It had a melting point of 235-238°.
j-"j22 g0 |
) (o, 1.9560, in acetonitrile.)

[a],5791 -10.2° )

The optically active 2,7-dihydro-4*,1"-dimethoxy-3,4:5,6-
dibenzazepinium-l-spiro-1""-piperidinium iodides obtained
by Beaven, Hall, Lesslie and Turner (loc.cit>) had a melting
point of 242-245” and of 215-218° (they were dimorphic) and

+4.0° and -3.8°.

The supposed azepinium iodide with [ a22’ ] -22.90,
did not give a satisfactory analysis result. (Found: C, 55.0;
H, 5.6; H, 3.4; 0, 7.5; I, 28.8. G"H”gNO” requires
C, 55.9; H, 5.8§ N, 3.1; 0, 7.1; I, 28.1%). It has
the same (high) melting point as the resolved azepinium
iodide, but the optical rotation is much higher and shows
anomalous dispersion. The dispersion of the compound
obtained by Beaven £t, ad. was normal. The physical properties
of the compound obtained in the present work were further
investigated. The infra-red spectra of the two compounds
are very similar but are not completely identical, and the
ultra-violet spectra show the same maxima (237.5 np, and
296.5 mp) and minima (233.5 rap and 261.0 mp). (Beaven, Hall,
Lesslie and Turner, loc.cit.). However, all the intensities
in the ultra-violet spectrum of the supposed azepinium bromide

are considerably lower than those given in the above paper for
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the racemio azepinium bromide. Finally, both compounds

show the same order of optical stability. From these
observations, it was concluded that the compound obtained

in the present work is the required azepinium iodide, but that
it is contaminated with a small amount of an optically active
impurity.

It is thought that the impurity is probably present
because the optically active dibromo-compound could not be
recrystallised. Beaven ¢jb recrystallised the racemic
dibromo-compound and, in the process of resolving the
azepinium compound, recrystallised its camphorsulphonate
many times. Any impurity formed duding the preparation of
the dibromo-compound or of the racemic azepinium bromide
would probably have been removed by these repeated
recrystallisations.

In a later experiment, the bromide was recrystallised
from ethanol-ethyl acetate, after being recrystallised from
acetone-light petroleum (b.p. 60-80°). White needles, with
no trace of any oil, were obtained. The melting point of
the bromide, recrystallised in this way, was 230-232°, with
softening at 180°, probably owing to some solvation. Further
recrystallisation did not change the melting point. A fter
the second recrystallisation from ethanol-ethylacetate, the

bromide had -
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[dJcLn -46.9° )
) (c, 0.6715, in acetonitrile).

[a]|791 -43.2° )

Before recrystallisation from ethanol-ethylacetate,

the azepinium bromide had

a 61 uso
[ ]2g3 ; (c., 2.6290, in acetonitrile).
5791 -17.7

Thus the recrystallisation had increased the optical
rotation threefold, and had changed the ratio from
0.,93 to 1.09.

It is propose to convert this sample of azepinium
bromide into its iodide and then to have it analysed in the
hope that the required compound has, at last, been obtained

in a pure state.

Analysis Result for the Iodide.

Found: C, 55.7; H, 6.1; N, 2.9; 0, 6.9; I, 27-8* ~
Calc, for : C, 55.9; H, 5.8; N, 3.I; 0, 7.1;
I, 28.1%.
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Racémisation of impure (+)- and (-)-2,7-dlhydro-4%* ,1'*-
dimethoxy-5.4 *5.S-dibenzazepinium-l-spiro-1*"-piperidinium
iodide.

The impure (-)-azepinium iodide (°yO0.2 g.) in
dimethyl formamide solution (16 c.c.) was sealed, under
vacuum, in eight tubes and was heated in cyclohexanol at
160.0°. The method and apparatus were the same as those
described on p. 45* The tubes were removed at intervals

and were chilled by plunging them first into hot water and

then into cold water. Polarimetric readings were taken
at room temperature. The rotation of the solution fell
from -0.35° to -0.14" in hours. Similar experiments

were carried out at 140.3° (using xylene), 156.2° (using
cyclohexanone), 162.5" (using cyclohexanol) and 172.2°
(using phenectole). The results of these experiments are
given in Tables I - V and in graphs 1, 2 and 3.

In the experiment at 162.5°, a tube was left at
this temperature for more than thirty hours. At the end
of this time, the solution in the tube was found to be

optically inactive.



83.

TABLE 1I.
oH, oavB '
Racémisation of (impure) (-)- in
dimethyl
formamide
1 =1 Zero = 180.08
X= 5461 ¢ initial -22.9° in CH"CN
Time in Polarimetric (a. - () o110 A
hours reading
1 0 179.69° 0.39° 1,5911
2 1.0 179.70° 0.38° 1.5798
3 2.0 179.715° 0.365° 1.5523
k 3.5 179.73° 0.35° [.5441
5 3.5 179,74° 0.34° [.5315
6 7.5 179.765° 0.315° 1.4983
7 9.3 179.78° 0.30 [.4771
8 25.0 179.88° 0.20 {.3010

k = 2.68 X 10~ hr.
tg = 25.9 hr.

Constant boiling liquid, xylene.
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TABLS I1.
Racémisation of (impure;XéJr\ ocH gem in dimethyl
formamide
at 156.2° (- 0.5°)
1=1 Zero = 180.08°
A= 5U6iS initial [a]|*g3 +11,0° in CH"GN
Time 1i;n Polarimetric (O't - 00 ) 10gioCO't - Clw)
hours reading
1* 0 180.43° 0.35° I.5J+41
2. 0.75 180.39° 0.31° I.4914
3- 1.5 180.365° 0,265° [.4548
a. 2.25 180.335° 0.255° i.4065
5. 3.0 180.31° 0.23° 1.3617
6. 3.75 180.29° 0.21° i.3222
7. a.5s 180.27° 0.19° 1.2788
8. 5.5 180.245° 0.165° 1.2175

A -
k =136 X 10" hr. 1

t1 = 5% hr.
2

Constant boiling liquid, cyclohexanone.
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TABL3 I11.
OOU ocih
Racemisation of (impure) (-)- ; o, in dimethyl
formamide
0 t.i60%q° _Cx 0.5°)
1=1 Zero = 180.080
X = 5461 S initial [M]§&1 _22_9° in CH"CN
Time in Polarimetric (an - ) log
hours reading
1. 0 179.73° 0.35° I.5441
2. 0.5 179.755° 0.325° I.5119
3. 1.0 179.78° 0.30° . 1.4771
4. 1.75 179.82° 0.26° f.4150
5. 2.5 179.85° 0.23° 1.3617
6. 3.5 179.885° 0.195° 1.2900
7. 4.5 179.915° 0.165° i.g}gs
8. 5.5 179.94° 0.14° - 1.1461

k =1.70 X 10"* hr.“"

tb = a:l hr.

Constant boiling liquid, cyclohexanol.
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TABLE 1V.
004" 00(3
Racémisation of (impure) (+)- < > in dimeth;/!
e formamide
U at 162,5° (-0.5°)
1 =1 Zero = 180.08°
X= 5U61 2 initial +11.0° in CH"ON
T I
1. 0 180.55° 0.1+7° 1.6721
2. 0.5 180.51° 0.1+3° 1.6335
3. 1.0 180,1+7° 0.39° [.5911
k. 1.75 180.H1° 0.33° 1.5185
5. 2.5 180.36° 0.28° I.1A72
6. 3.5 180.31° 0.23° 1.3617
7. U.5 180.28° m0.20° [.3010
8. 5.5 180.23° 0.15° 1.1761

k

2.07 X 10"~ hr. *
tj = 3*35 hr
2

Constant boiling liquid, cyclohexanol.



TABLE V.
oat ooh

Racémisation of (impure) (-)-

Zero = 180.07°
initial 22 -7.9%
Time in Polarimetric (0~ — doo ~
hours reading
1. 0 179.83° 0.24°
2. 0.25 179.85° 0.22°
3. 0.5 179.875° 0.195°
4 . 0.75 179.90° 0.17°
5. 1.0 179.925° 0.145°
6. 1.5 / 179.96° 0.11°
7. 2.0 7/ 179.985° 0.085°
/
8. 2.5 179.005° 0.065°
./ /
/ A
/
/ y = 5.55 X 10" n..-i

ti = 1.25 hr.
9 2 cv

Constant boiling liquid, phenetole.

at

InCH”"CN

log'io (\

"7

.3802
3424
[.2900
[.2304
[.1614
0414
9294

.8129

u G

formamide

87.

in dimethyl

172.2" (£0.5°)

Oo )
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TABLE VI.

OCH, OCH:
~Of£_(i01EiEel < )
N(@]1©
longJlk/ T
T (°C) T (°K) 1TX 10‘2"‘
1. 140.3° 413.3° 0.2419
2. 156.2° 429.2° 0.2330
3- 160.0° 433.0° 0.2309
u. 162.5° 435.5° 0.2296
5, 172.2° 4745.2° 0.2246
The straight line plot of log**k

in PigJ-i-. The

that of A to

value of S comes

sec.'”

to

3U%1 kcal./mole,

in aimethyl

formamidee

k in- hr.~*

0.0268

0.1363

0.1702

0.2069

0.5554

against *

log*gk

2,4281

1.1345

i.2309

I.3158

1.7446

is given

and
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Rocemisobion of (i'rv\[>Mre)

OCW3

in dimebhtjl formamide
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(b) Diazocines.

2-lodo-3-nitrotoluence.
(Carlin and Poltz, J.Amer.Ghem.Soc., 1956, %8, 1997).

Sodium nitrite (29*%6 g.; 1*3 mol.) v/as dissolved in
concentrated sulphuric acid (166 c.c.), keeping the temperature
helov/ UO”. After cooling this solution to 07, it was added
to a solution of 2-amino~3-nitrotoluene (U3 g.; 1 mol.) in
glacial acetic acid (360 g.), keeping the temperature of
this mixture hetv/een 15 and 237* The mixture was stirred
mechanically throughout. The addition took 145 minutes,
after which the diazo solution was stirred for 30 minutes at
room temperature. Then it was poured on to a litre of
crushed ice in a four-litre beaker. Urea (29.7 g#; 1.5 mol.)
was added gradually, with stirring, and, after leaving for an
hour, a solution of potassium iodide (71 g.; 1.4 mol.) in
water (360 c.c.) v/as added. A yellow precipitate was
obtained, and the mixture was left to stand overnight. A
little sodium metabisulphite was then added to decolourise
the solution, and the precipitate was filtered off. It was
washed with a little water, then with 10% sodium hydroxide
solution, and finally with more water. It was recrystallised
from aqueous alcohol. The yield of 2-iodo-3~ititrotoluene,

m.p. 65-67", was 73%.
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2,27-Dimethyl-6,6/-dinitrobipheiXYle
(Carlin and Poltz, J.Amer.Chem.Soc., 1956, 28, 1997;
Adapted by Ahmed and Hall, J., 1958, 30U3).

Copper bronze (50 g.) was added gradually to 2-iodo-3-
nitrotoluene (50 g.) in a boiling tube, which was being
heated at IkO” in a metal bath. The copper bronze was
added at such a rate that the temperature of the mixture in
the boiling tube did not rise above 170". When the addition
of copper bronze was complete, the mixture was heated at
150" for 30 minutes and then at 190-200" for 15 minutes.

On cooling to ~100*”, the mixture was extracted with boiling
benzene and the solution was filtered. The filtrate was
evaporated to dryness and the residue was recrystallised
from ethanol. A yellow, crystalline solid, which was
2,2*%-dimethyl-6,6*-dinitrobiphenyl, was obtained. The
yield of 2,2*-dimethyl-6,6*-dinitrobiphenyl, m.p. 108-110",

was 21 g. (81%).
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2,2*-diamino-6,6"-dimethyroiphenyl.
(Kenner and 8tubbings, J*, 1921, 112> 593/

A hot solution of 2,2*-dimethyl-6,6*-dinitrobiphenyl
(27 g.; 1 mol.) in glacial acetic acid was added gradually
to a boiling solution of stannous chloride (130 g.; 6.6 mol.)
in concentrated hydrochloric acid (200 c.c.; 18 mol.) over a
period of twenty minutes. The mixture was kept just below
boiling for a further fifteen minutes. On cooling, it was
poured into an excess of 307 sodium hydroxide solution. The
alkaline solution was extracted with ether and the ethereal
solution was dried over sodium sulphate. The ether was
distilled off and the residue was recrystallised from ethanol.
A yellow, crystalline solid, which was 2,2 *~diamino-6,6%*-
dimethylbiphenyl was obtained. The yield of 2,2 *~diamino-

6,6*dimethylbiphenyl, m.p. 132-13"", was 11 g. (32%).
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Resolution of 2,2 *-diamino-6,6*-dimethylbiphenyl.
(Meisenheimer and Honing, Ben., 1927, %, 11j.29).

A boiling solution of 2,2 *diamino-6,6 *-
dimethylbiphenyl (20 g.; 1 mol.) in absolute ethanol
(100 c.c.) was added to a boiling solution of (+)~t8ntaric
acid (14 g.; 1 mol.) in absolute ethanol (70 c.c.). The
tartrate, which crystallised out on cooling, was filtered
off and was repeatedly recrystallised from absolute alcohol
until constant optical rotation was obtained. This was
achieved after three recrystallisations. The yield of
tartrate, m.p. l6U~165", was 7.6 g.

[a]~~6i= +2h.3~ (Cf 1.0013, in absolute alcohol).

The salt was dissolved in a mixture of dilute
hydrochloric acid and water and the free amine was
precipitated on the addition of dilute ammonia solution.
The amine (4#6 g.) was recrystallised repeatedly from
absolute alcohol until constant optical rotation was
obtained. This was achieved after three recrystallisa-
tions. The yield of optically pure (+)-2,2*-diamino-6,6%*-
dimethylbiphenyl, m.p, 136-138", was 2.1 g»

[a]|*gl = +63.7" (c, 0.6903, in chloroform).

The mother liquor, in which the tartrate had
been prepared and which contained 11.4 g# of tartrate,
was evaporated down to dryness. The residue was
dissolved in a mixture of dilute hydrochloric acid and

water and the free amine was precipitated on the addition



93.

of dilute ammonia solution. The amine was recrystallised
three times from absolute alcohol until constant optical
rotation was obtained. The yield of (-)-2,2 *-diamino-
6,6*-dimethylbiphenyl, m.p. 135-137", was 2.0 g.

[~13461 =""3.8" (c, 0.3233, in chloroform).

4* 1*Dimethyl-2,j-diphenyl-b.6;7.8-dibenzo-1,4~diazocine.
2,2*-Diamino-6,6*-dimethylbiphenyl (0.5 g.; 1 mol.)
and benzil (0.3 g.; 1 mol.) were dissolved in hot
propionic acid (IO c.c.) and the solution was boiled under
reflux for three hours. Most of the solvent was distilled
off and the residue was dissolved in hot ethanol. The
yellow, needle-like crystals, which came down on cooling,
were filtered off and recrystallised from ethanol. The
yield of 4*,1"-dimethyl-2,3-diphenyl-3,6:7,8-dibenzo-

l1,4-diazocine, m.p. 209-210°, was 0.2 g. (20").
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(-)-4*% ,1”-Dimethyl-2,3-ciiphenyl-5.6;7.8-dibenzo-1,4-dlazoclne.

A solution of (+)-2,2*-diamino-6,6*-dimethylbiphenyl
(0.5 g.; 1 mol.) and benzil (0.3g.; 1 mol.) in propionic
acid (10 c.c.) was boiled under reflux for five hours.
The propionic acid was then distilled off and the
residue was dissolved up in boiling ethanol. On cooling,
some yellow needles of benzil, m.p. 94-95°, crystallised
out. These were filtered off and the mother liquor
was evaporated down to dryness. The crystalline residue
was ground up twice with small volumes of cold light
petroleum (b.p. 60-80°) to remove some soluble impurities,
such as small traces of benzil. The residue was
recrystallised from light petroleum (b.p.60-80°). Yellow
prisms crystallised out of a concentrated solution. The
yield of (-)-4* ,1 **-dimethyl-2,3-diphenyl—5,6:7,8-dibenzo-
l1,4-diazocine, m.p. 179-180°, was 0.1 g. (10%).
[a]|"61 = -2,080° (c, 0.4450, in chloroform).
(Found: C, 86.7; H, 5.7; N, 7.5# N28N2212

C, 87.0; H, 5.7; N, 7.25%).

(+)-4" .1*-Dimethyl-2.3-dinhenyl-5.6:7.8-dibenzo-1,4-diazocine.
(+)-4* ,1"-Dimethyl-2,3-diphen”'1-5,6:7,8-dibenzo-1,4-

diazocine, prepared in the same way from (-)-2,2*-diamino-

6,6*-dimethylbiphenyl, had a m.p. of 179-180°.

[a]*"61 = +2,060° (. c, 0% 300, in chloroform).

(Found: C, 87.0; H, 5.7, N, 7.2. requires

C, 87.0;, H, 5.7; N, 7.25%).
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4" 1'*-Dimethyl-2, 3-dimethy 1-5,6 :7,8-dlbenzo-1,4-diazocine.

A solution of 2,2’-diamino-6,6"-dimethylbiphenyl
(1 g.; 1 mol.) and diacetyl (0.4 g.; 1 mol.) in ethylene
glycol (25 c.c.) was heated in an oil bath at 160-170°
for one hour. The solution was allowed to cool and was
then poured into cold water. The mixture was extracted
with ether and the ethereal extracts were dried over sodium
sulphate. Ether was distilled off and the residue was
dissolved in the least volume of dry benzene. This
solution v/as passed through an alumina column, eluting
with more dry benzene. A pale yellow solid was obtained
when one of the fractions from the column was evaporated
to dryness. It was recrystallised from light petroleum
(b.p. 80-100°) to give a white, crystalline solid. The
yield of 4 **]'-dimethyl-2-3-dimethyl-5,6:7,8-dibenzo-1,4-
diazocine, m.p. 138-140°, was ~ 0.1 g. (7%).
(Pound: C, 82.1; H, 6.8. A8N18N2 G, 82.4;

H, 6.9%).
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Metjpyl p-aminobenzoate.

(Riegel and Buchwald, J.Amer .Ghem. Soc., 1929> 484).

p-Aminobenzoic acid (200 g.) was dissolved 1in
methanol (2,000 c.c.) in a 5 litre, round-bottomed flask.
The flask was fitted with a reflux condenser and
concentrated sulphuric acid (10O cc.) was added cautiously
to the flask down the condenser. The solution was then
boiled under reflux for thirteen hours. Most of the
methanol was distilled off and the residue was poured
into ~ 2.5 litres of cold water. The solution was
neutralised by adding solid sodium bicarbonate. The solid
ester was filtered off, washed with water and recrystallised
from ethanol. The yield of methyl p-aminobenzoate,

m.p. 111-113°, was 190 g# (86%).
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A2ethyl p-iodobenzoate.

(Method of Cheung King Ling, unpublished).

Powdered methyl p-aminobenzoate (67 g., 1 mol.)
was made into a paste with a small amount of water in a
3-litre beaker. 6 N Hydrochloric acid (670 c.c.) was

added and the mixture was cooled, with stirring, to

below 0° in an ice-salt mixture. A solution of sodium
nitrite (33 g.; 1.06 mol.) in 100 c.c. of water was
added gradually, keeping the temperature below 0°. The

diazo solution was stirred for a further 30 minutes, and
was then poured slowly, with stirring, into a 3-litre
beaker containing a solution of potassium iodide (74 g.;
I mol.) in 100 c.c. of water. The mixture was warmed
on a water bath until the evolution of nitrogen had
almost ceased. The solid i1iodo-ester was filtered off,
washed twice with acidified sodium metabisulphite
solution to remove any free iodine, and then several
times with cold water. It was recrystallised from
methyl alcohol. The yield of methyl “-iodobenzoate,

m.p. 112-114°, was 83 g. {11%)-



98.

Methyl U-iodo-"-nitro'benzoate

(Method of Cheung King Ling, unpublished).

A solution of methyl 4-iodobenzoate (29 g.) in
concentrated sulphuric acid (37.5 c.c.) was cooled to
below 0° in an ice-salt mixture. A mixture of
concentrated nitric acid (15 c.c.) and concentrated
sulphuric acid (15 c.c.) was added, with stirring,
keeping the temperature between 0° and 5°. The mixture
was stirred for 2" hours at 0° and was then poured onto
ice. The solid product was filtered off. It was
extracted with boiling water to remove a large quantity
of an unknown by-product. The insoluble residue, which
was methyl 4-iodo-3-nitrobenzoate, was recrystallised
from methyl alcohol. The yield of methyl 4-iodo-3-

nitrobenzoate, m.p. 103-104°, was 20.9 g. (62%).

Dimethyl 2.2*-dinitrobiphenyl-4.4*-dicarboxylate.
(Method of Cheung King Ling, unpublished).

Methyl 4-iodo-3-nitrobenzoate (50 g.), in a
boiling tube, was heated to 180° in a metal bath. Copper
bronze (35 g.) was added gradually, keeping the temperature
of the mixture between 180° and 190°. When all the copper
bronze had been added, the mixture was kept at 180-190° for
ten minutes. It was then extracted with boiling chloroform

and the solution was filtered. The chloroform was distilled
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off and the solid residue was recrystallised from aqueous
acetone. The yield of dimethyl 2,2 *-dinitrohiphenyl-4,4%*-

dicarboxylate, m.p. 160-161.5°, was 24.5 g. (84%).

Dimethyl 2.2*-diaminobiphenyl-4,4*-dicarboxylate.
(Method of Cheung King Ling, unpublished).
Dimethyl 2,2 *dinitrobiphenyl-4,4*-dicarboxylate
(18 g.) was dissolved in a mixture of 96% ethanol (1,000 c.c.)
and toluene (160 c.c.) in a 2-litre, 3-necked, round-

bottomed flask, fitted with a reflux condenser, a dropping

funnel and a thermometer. The thermometer was fitted
so that its bulb was immersed in the solution. The solution
was heated on a water bath to ~ 70°. The flask was then

removed from the water bath and two teaspoonsful of w-2

Raney nickel were added to the solution. Hydrazine

hydrate (100%; 55 c.c.) was added slowly from the dropping
funnel at such a rate that the temperature of the reaction
mixture remained constant. There was vigorous effervescence
during the addition of the hydrazine hydrate, and the

colour of the solution changed from bright yellow, through
dark brown, to very pale yellow.. The reaction mixture

v/as boiled on the water bath for 15 minutes and was then
filtered hot, taking care to keep the Raney nickel damp

with alcohol. The filtrate was concentrated to a small
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bulk by distilling under reducedespressure. When the
concentrated solution had cooled, the amine crystallised

out as a white solid. It was filtered off and dried.

The yield of dimethyl 2,2*-diaminobiphenyl-4,4*-dicarboxylate,

m.p. 174-175°, was 12.4 g. (83%).

2.2%-Diaminobiphenyl-4.4%-dicarboxylic acid.

Dimethyl 2,2*-diaminobiphenyl-4,4”-dicarboxylate
(9 g.; 1 mol.) was heated under reflux with a solution
of potassium hydroxide (7.8 g.; 4 mol.) in water (20 c.c.)
and ethanol (125 c.c.) for three hours. Then most of the
ethanol was distilled off and the residue was poured into
cold water. Glacial acetic acid was added until the
solution had a pH value of 5% The pale yellow precipitate
was filtered off, washed with water and redissolved in
sodium carbonate solution. The solution was filtered
and the acid was reprecipitated with glacial acetic acid.
It was filtered off, washed with water and dried. The
yield of 2,2*-diaminobiphenyl-4,4*-dicarboxylic acid,

m.p. 323° (with decomposition), was 8.0 g. (98%).
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2.3-Pimethyl-5.6:7,8-dibenzo-1,4-diazoclne-2*.3"-dicarboxylic
afid.
2,2 *-Diaminobiphenyl-4,4*-dicarboxylic acid (2 g.; 1 mol.)
was heated with a solution of diacetyl (0.7 g.; 1 mol.) in
ethylene glycol (20 ec¢.c.) at 130-140°. The mixture was
shaken frequently while being heated. The solid amino-acid
gradually dissolved in the hot solution and another, highly-
crystalline solid appeared on the sides of the flask. The
solution was filtered hot after heating for one hour, and
the bright yellow, crystalline solid remaining on the filter
paper was washed with ethanol to remove the last traces of
the ethylene glycol solution. * The product was recrystallied
from ethylene glycol to give small, pale yellow plates.
The yield of 2,3-dimethyl-5,6:7,8-dibenzo-1,4-diazocine-2%,3"
dicarboxylic acid, m.p. > 360°, was 1.4 g. (39%).
(Pound: C, 66.8; H, 4*3; N, 8.6. Ai8A 44112

C, 67.1; H, 4.4; N, 8.7%).

2.3-Diphenyl-5,6:7,8-dibenzo-1,4-diazocine-2-dicarboxylic acid
2,2*-Diaminobiphenyl-4,4*-dicarboxylic acid (1l g.;

1 mol.) was heated, under reflux, with a boiling solution of

benzil (0.78 g.; 1 mol.) in glacial acetic acid (70 c.c.)

for 25 hours. The hot solution was then filtered and

evaporated down to * a third of its original volume. Hot

water was added to the hot solution until a yellow solid

started to crystallise out. The solution was cooled to room
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temperature and the crystalline product was filtered off.
[t was dissolved in sodium bicarbonate solution. The solution
was filtered to remove any unchanged benzil, and was then
acidified with dilute hydrochloric acid to reprecipitate
the acid. This was filtered off and recrystallised from
aqueous acetic acid. The yield of 2,3-diphenyl-5,6:7,8-
dibenzo-1,4-diazocine-2*,3*-dicarboxylic acid, m.p. y 360°,

was 0.4 g. (22.5%).

Resolution of 2,3-diuhenvl-5.6:7.8-dibenzo-l.4-diazocine-

2*3"-dicarboxylic acid.

(Bell, J., 1952, 1527).
2,3-Diphenyl-5,6:7,8-dibenzo-1,4-diazocine-2 *,37~

dicarboxylic acid (2.0 g.; 1 mol.) and anhydrous brucine

(3.54 g.; 2 mol.) were dissolved in boiling ethanol (95%;

400 c.c.) and the hot solution was filtered. The bright

yellow, needie-like crystals, which came down on cooling,

were filtered off. The crystals were heated up with boiling
ethanol ( ~ 75 c.c.) and, on cooling, the undissolved
crystals were filtered off. This was repeated three times

more until constant optical rotation was obtained.
[a]|*"61 = -750° (¢, O.4580, in chloroform).

The brucine salt (2.0 g.) was dissolved in
chloroform and the chloroform solution was extracted three

times with 10% sodium hydroxide solution. The aqueous
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extracts were shaken twice with fresh chloroform and then
once with ether. Nitrogen was blov/n through the aqueous
solution to drive off the ether dissolved in 1it. Dilute
hydrochloric acid was then added to precipitate the pale
yellow acid, which was filtered off, washed with water and
dried. Recrystaliisation from aqueous acetic acid did not
change the optical rotation. The yield of (-)-2,3-diphen;*7"1-
3,G:7,8-dibenzo-1,4-diazocine-2 *,3"-dicarboxylic acid,

m.p. 274-276°, was 0.7 g.

[*-"~5461 y830° (GC, 0.3050 in dimethylformamide).

The original mother liquor, in which the brucine
salt had been made, was evaporated down to dryness. The
residue was dissolved in chloroform and the decomposition of
the brucine salt to give the (+)-dicarboxylic acid was
carried out as before. Once again, recrystallisation of the
acid from aqueous acetic acid did not change the optical
rotation. The yield of (+)-2,3-diphenyl-5,6:7,8-dibenzo-
1,4-diazocine-2’,3*-dicarboxylic acid, m.p. 275-277°,
was 0.75 g.

=+1,750° (2, 0.1490, in dimethylformamide).
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Racémisation of (+)- and (-)-2.5-diphenyl-5,6:7,8-dibenzo-
l,k-diazocine-2*,3'"-dicarboxylic acid.

The (“)-diazocine-dicarboxylic acid 0.03 g.)
in ethyl benzoate solution (20 c.c.) was sealed, under
vacuum, in ten tubes and was heated in diphenyl ether at
261.5°% The method and apparatus are described on page 45®

The tubes were removed at intervals and chilled by plunging

first into hot water and then into cold water. Polarimetric
readings were taken at room temperature. During nine hours,
the rotation fell from -2.69° to -2.01°. Similar

experiments were carriecd out at 247*0° (using 1-methyl-
naphthalene), 268.5° (using diphenylmethane), 274*0° (using
ethyl cinnamate), and 288.0°(using dimethyl phthalate). The
results of these experiments are givenm in Tables VII - XI,
and in graphs 5? 6 and 7%

In an experiment in which the (-)-diazocine-
dicarboxylic acid was dissolved in N,N*-dimethyl-formamide,
the solution was heated at ~ 330° for five hours. At the
end of this time, the solution was found to be optically

inactive.



TABLE VII

Racémisation of (+) - BOC coM

(o)

1=1 Zero = 180.08
X = 5461 &
Time in Polarimetric (a™ - )
hour: reading
1. 0 182.93 2.85
2. 2.0 182.91 2.83
3 4.0 182.82 2.74
4 6.0 182.78 2.70
5. 8.0 182,70 2.62
6 23*5§ 182.21 2.13
7. 25.5 182.13 2.05
8. 27.5 182.10 2.02
9. 29.5 182.05 1.97
10. 31.5 162.00
11 47.5 181.65 41 ?2»
12 51.5 181.60 1.52
13 55.5 181.54 1.46
k =1.32 X 10 ~ hr.“"

tj =
JZ

Constant boiling liquid,

52.6 hr.

l-methylnaphthalene

in ethyl

benzoate

105.

247.0°

logio(a”

=Rl e B e N en i el el wn]

4548
4518
4378

4314
4183

3284
3118
3054
.2945
.2833

.1959
.1818

.1644

at

ad
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TABLE VIIT.
Racémisation of (-) HO C CO,H in ethyl
"benzoate at
1 =1 ero = 180.07°
»= 5461 i
Time in Polarimetric (a. a,, logio(a”~-a” )
hours reading
1. 0 177.38 0.7298
2. 1.0 177.46 0.hl166
3- 2.0 177.51 2:56: 0.4082
k. 3.0 177.58 2.49 0.3962
3 h.O 177.70 2.37, 0. 3747
6. 5.0 177.76 2.31, 0.3636
7. 6.0 177.85 2.220 0.3464
8. 7.0 177.91 2.16%, 0.3345
9. 8.0 177.96 2.11 0.3243
10 . 9.0 178.06 2.01 0.3032

k =3.29 X 10 » hr. ~»

21.1 hr.

ti_
p)

Constant "boiling liquid, diphenyl ether
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TABLE IX.
HO"C in ethylbenzoate
at 268.5° (-0.5°)
| |
C
1=1 Zero = 180.080
X= 51 §
Time 1in Polarimetric 00 |
hours reading
1. 0 177.31 2.77 0.4425
2. 1.0 177.02 2.66 0.4249
3% 2.0 177.55 2.53 0.4031
U. 3.0 177.71 2.37 0.3747
5. 4.0 177.84 2.24 0.3502
6 3.0 177.89 2.19 0.3404
7. 6.0 178.09 1.99 0.2989
8. 7.0 178.19 1.89 0.2765
9. 8.0 178.26 1.82 0.2601
10. 9.0 178.35 1.73 0.2380

k = 5.53 X 10 » hr. "

12.3 hr.

ti
2

Constant boiling liquid, diphenylmethane.
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X
Racémisation of (-) in ethyl
benzoate at
274 pR _(_"i.oR .
1=1 Zero = 180.08°
A= 5kSI 1
Time in Polarimetric (a” om) log" 0 - a
hours reading
1. 0 177.44° 2.64° 0.4216
2. 1.0 177.60° 2.48° 0.3945
%, 2,0 177.76° 2.32° 0.3655
4. 3.0 177.95° 2.13° 0.3284
5. 4.0 178.08° 2.00° 0.3010
6. 5.0 178.26° 1,82° 0.2601
7. 6.5 178.46° 1.62° 0.2095
8. 8.0 178.60 1.48° 0.1703
k = 7.91 X 10 ~ hr.
ti_ = 0.8 hr..

Constant boiling liquid, ethyl cinnamate.
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TIPLE XI.
Racemlsation of (-) HOC CO.H in ethyl
N N benzoate at
288.0° (-0.5°
1—1 Zero = 180.07°
X= 5U61 2
Time in  Polarimetric ( . @)  log’Q ar - (§,)
hours reading
1. 0 177.37° 2.70m 0.4314
2. 0.33 177.51° 2.35° 0.4082
3% 0,66 177.60° 2.47" 0.3927
u. 1.0 177.81° 2.26° 0.3541
P 1.33 177.92° 2.13" 0.3324
6. 1.66 178.04° 2.03" 0.3075
7. 2.0 178.11° 1.96" 0.2923
8. 2.3 178.26° 1.81~7 0.2577
9. 3.0 178. Wi° 1.63™m 0.2122
10. 3.3 178.56° 1.31™m 0.1790

k = 16.8 X 10“~ hr.'1

td
2

4.13 hr.

Constant boiling liquid, dimethyl phthalate.
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TABLE XII.

Racémisation of HO"C

given

that

T (°C)

2727.0°
261.5°

268.5°
274.0°

288.0°

The

in Fig. 8.

01 A to

logiok/ "

T (°A)

520.0°

534.5°
541.5°
547.0°

561.0°

straight line

10/\0'0

The wvalue

sec.~".

plot

of E

X 107

.1923

1871

.1847

1828

.1783

In ethyl

k in hr. ~

0.01317

0.03292
0.05532
0.07907

0.1679

of log"Qk against 2

lie.

benzoate.

/\/\/\10/\

2.1196
2.5175

2.7429
2.8980

1,2251

1S

cornes to 36.5 kcal/mol.e, and
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2,2*-Pinitrobiphenyl.
(Shaw and Turner, J., 1933> 135).

Copper bronze (80g.) was added in 4 lots over a
period of 20 minutes to a boiling tube containing
o-chioronitrobenzene (120 g.). The boiling tube was being
heated in a metal bath kept at 250-260°. After being heated
for another tenm minutes, the mixture was allowed to cool and
was extracted v/ith hot o“dichlorobenzene. The solution was
filtered and petroleum ether (1f0-60°) was added until the
solution went cloudy. 2,2*-Dinitrobiphenyl crystallised
out. The dark brown crystals were filtered off and dried.

The yield of 2,2%-dinitrobiphenyl, m.p. 120-122°, was 5U%.

2,2*-Diaminobiphenyl.

2,2*-Dinitrobiphenyl (UO g.; 1 mol.) was added,
with stirring, over a period of 15 minutes to a boiling
solution of stannous chloride (275 g.; 6.6 mol.) in
concentrated hydrochloric acid (296c.c.; 18 mol.) A fter
being heated for a further I5 minutes, the solution was
cooled and poured into a large excess of sodium hydroxide
solution. The solution was extracted with ether and the
ethereal solution was dried over sodium sulphate. The ether
was distilled off, and the residue was distilled under
reduced pressure at 167-168°/3 mm. The yield was 70%.
2,2%-Diaminobiphenyl was recrystallised from ethanol to give

pale yellow crystals, m.p, 77**
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2,5-Dimethyl-5,6 rT.S-dlbenzo-1,U-diazocine.
A solution of 2,2 *diaminobiphenyl (1 g.; 1 mol.)

and diacetyl (0.5 g.; 1 mol.) in ethylene glycol (13 c.c.) was

heated in an oil hath at 130-135" for one hour. The

solution was cooled and was poured into cold water. The

mixture was extracted v/ith ether and the ethereal extracts

were dried over sodium sulphate. Ether was distilled off

and the residue was dissolved in the least volume of dry

benzene. This solution was passed through an alumina column,

eluting with more dry benzene. A pale yellow solid was

obtained when one of the fractiohs from the column was

evaporated down to dryness. It was recrystallised from

light petroleum (b.p. 60-80°) to give a white, crystalline

solid. The yield of 2,3-dimethyl-5,6:7,8-dibenzo-1,4-diazocine,

m.p. 129-130°, was 0.5 g. (33%)# (Found: C, 82.2; H, 6.15*%*

1671472 C, 82.0; H, 6.0%).



