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STEREOGHMICAL STUDIES IK THE DIPHEKYL SERIES.

A plane configuration (Pig.Il) has now been assigned to
the diphenyl molecule, and asymmetry in the series has been
ascribed to the restriction of rotation of the two phenyl
rings about their common bond. (refr. p.3). The
restriction is attributed to the space effect of ortho
substituents, which, if sufficiently large, act as
Aobstacles' to the free passage of the rings, and two

enantiomorphic forms are produced (Pigs.JT and II1.).

F'T I- u. in.



The asymmetry is comparable to that of the aliens derivatives
t = C=c(X , the essential condition being the attachment

to a centre of dissymmetry of two non-coplanar pairs of

unlike groups, the term "group'* in the diphenyl series

being taken to include E-and3- (or 5-and6-) substituents,

i.e. for asymmetry:-

(1) A and/or B must be sufficiently large not to pass X

or Y so that they cannot become coplanar, and

(2) A and B must be different from each other, as must X

and Y, although A may be the same as X and/or B as Y.

Alternatively, A and B and/or X and Y may be alike

provided the asymmetry is completed by a 3-substituent in

the ring, (see examples 6, 15, 19 and 20 below).

Of the numerous derivatives of diphenyl which have been

shown to be capable of resolution, the following may be

taken as representatives:-
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For formulation of the theory of restricted rotation see:-
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Group 1. Restriction due to four substituent ortho-groups

Aa MW
1. A Christie and Kenner,
J.C.S., 1922, 614.

Oi CAW
2. Ny }]\5\
Ce>ji  NOi
a A
S. Christie, James and Kenner,
J.O.S. 1923, 1948.
WH H
CH, C«,
4. | Meisenheimer and Horing,
} Ber., 1927, 60, 1425.
N M
CLH 07J|
5.
O AH@H
Chj <1

N N Moyer and Adams,
w H te J.LAm. Soc., 1929, 51, 630
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G-roup IT. Restriction due to three substituent ortho groups
The fourth factor in heterogeneity 1is introduced
hy the unsuhstituted ortho hydrogen atom.

(i.e. in Pig.IT, A = H.).
Antimeric forms are, on the whole, more readily

racemised than in Group I.

N
11. N Nt Christie and Kenner,
J.C.S., 1923, 779.
0. CoH
12. h ° Bell and Kenyon,
Gﬂ.{ Chem and Ind. 1926, 45, 864
13. Xesslie and Turner,
J.C.S. 1930, 1758; ibid.1931, 1188.
No.
14.
15. Ny Steam and Adams,

NN J.Am. Soc., 1931, 52, 2070



Grroup II1I. Restriction due to two substituent ortho Rrouios.

(i.e. A=S =10 in Fig.IT.).

16. N Xesslie and Turner,

ST L J.C.S., 1932, 2021, 2394.
17.

SoH  so'n
18. Co. co,H 8earle and Ad.ams,

I I J. Amer .Soc., 1933, 55, 1649.
19. Shaw and Turner,

J.C.S., 1933, 135.

The 10/leg group can pass the
A-Hydrogen atom,tut "being different
from I"Meg.l it introduces
asymmetry.



20. Group W. Restriction due to one sutstltuent ortho group
Apart from example 19, only one derivative in

this class has been resolved:-

lesslie and Turner, J.C.S. 1933, 1588.

Comparing this molecule with Pig.”, B-AsMegl,
A a X * H, and although Y - H it is precluded
from identity with X hy the 3-suhstituent

bromine.

It has been a matter of particular interest to
determine the size of the ortho substituents which, in the
limit, will just prevent rotation. Stanley and Adams
(J.LAm.Soc., 1930, 52, 1200) considered that a collision
area or "overlap” of 0*39 f was necessary for the complete
stability of isomers, and gave the general equation
dg - 2*9 > 0«39 1 as the condition for resolvability with
non-racemisation, where dg is the sum, in Ingstrom units,
of the diameters of the two substituent ortho groups, and

0

2*¥9 (A) 1s twice the value taken for the diameter of an

aromatic carbon atom. The calculation was necessarily an



empirical one, and since the derivatives of diphenyl which
had then been resolved mostly had -UOg or -COgH as ortho
substituents very few data were available. It is not
surprising therefore that more recent work has given

slightly devious results (e.g. the ready racémisation

NI Gt
of y \ observed by Yuan and Adams,
Co"H OMzt.

(J.Amer.Soc. 1932, 2966). Especially notable 1is the
resolution of 2:2°-difluoro - 6:6°-diamino- 3:5:3°:5°-
tetramethyl-diphenyl (Kleiderer and Adams, J.Amer. Soc.
1931, 53, 1575). Calculation shows that there is no
overlap either between two ortho-substituent nitrogen atoms
or between a nitrogen atom and a fluorine atom. Adams
explains this apparent deviation by attributing some volume
effect to the hydrogen atoms of the amino group, and states
(Kleiderer and Adams, J.Amer.Soc., 1933, 55, 4219) that the
short half-life period (60 mins. in boiling absolute alcohol)
is exactly what they had predicted from their calculations
in which due allowance had been made for hydrogen.

Sidgwick, (Annual Reports -— of the Chemical Society, 1922,
p.69) however, holds the view that the hydrogen atoms are
turned out of the way of the fluorine atom, and attributes
the discrepancy to forces of electrical origin. Sidgwick

considers that the mutual electrostatic repulsion between
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ortho groups (as between unlinked atoms in general) creates
an outer sphere of influence or "envelope" round each group,
inside which the boundaries of other atoms cannot penetrate,
so that the effective volumes (of the groups) are mutually
increased. The value 0*5 1 is given for the probable
thickness of the envelope, but on this basis many diphenyl
derivatives should be optically active which so far have
resisted all attempts to resolve them, e.g. diphenic acid.
The matter has been discussed by Shaw and Turner (J.C.S.

1933, 135). These authors also hold the view that electrical
effects are responsible, to some extent at least, for the
restriction of rotation. They point out that the numerical
data generally used in calculating collision effects between
(unlinked) ortho groups is not strictly applicable, being
obtained from measurements of internuclear distances between
linked atoms either in the solid (from X-ray crystal analysis)
or in the vapour (from electron diffraction patterns) state.
[t is interesting to note that "electrical effects" were among
the factors considered by Le Pevre and Turner (loc.cit) in
their original survey of the possible causes of molecular
asymmetry in this series, and whether the electrostatic
repulsion between approaching ortho-groups be regarded as
maintaining the angular separation of the diphenyl rings
directly, or whether it acts by increasing the volume of the

ortho groups, the result is the same. The fact that
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deviations from the Stanley-Adams equation have been

NO"  OMe
observed in two directions ( * A Mss less,
s N Q¥ o)."
and / \ | was more stable than predicted)

c«3 F p

suggests that the cause is an external one and may be
connected with the opposite polar effects of "OMe and —2P.
In conclusion it may be said that there 1is
reason to believe that the internuclear distances between
contiguous unlinked atoms is definitely greater than
between linked atoms, to which numerical calculations
apply, the increase probably being due to the electrostatic
repulsion between electrons whose magnetic moments are
already paired within the molecule (see further discussion
p.46 below). It seems reasonable to assume therefore,
that polar effects are a potential factor in the restriction
of rotation of the 2:2°- disubstituted diphenyl molecule,
although they may be the deciding factor only in limiting
cases. 2:2*-difluoro-6:6"- diamino - 2:5:37:5’-
tetramethyl diphenyl may be a limiting case, calculation from
X-ray data allows nitrogen and fluorine just to pass, and
fluorine 1is highly polar. The synthesis of such compounds,
having small, but highly polar, univalent atoms as ortho
substituents, presents considerable difficulties, and until
these have been overcome and more experimental evidence 1is

available i1t is impossible to decide how far the restriction
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is due to mechanical effects and how far to polar ones.

In the meantime, such experimental results as are available
are being used, conversely, to determine the relative sizes
of unlinked atoms, (e.g. Yuan and Adams, loc-cit., Shaw and

Turner, loc.cit.).
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The present work has dealt with the mechanical

and with the electrical aspect of diphenyl dynamics.

T. In the first place, an attempt has been made to
synthesise a compound in which the asymmetric configuration
of the diphenyl molecule i1s maintained, not by the mutual
irnpedence of 2;E’-substituents, but by a spirocyclo

chain forming a mechanical bridge across the 2:2’-positions.

IT. In the second place, the effect of a polar
substituent in the 4:4°- positions on the rate of
racémisation of a 2:2°- disubstituted derivative of

diphenyl has been examined.
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T. HETERO-SPIHQ-GYCLQ DERIVATIVES OP LIPHEBYL.

In all the compounds of the diphenyl series
which have so far been resolved, the asymmetry has been
attributable to the restriction of rotation by ortho
substituents. In the present work an attempt has been
made to synthesise a diphenyl derivative in which rotation
is restricted by a chain bridging the 2:2' positions.

This chain may be regarded as acting in two ways: it

will anchor the ortho positions near together 1in space, and
go restrict rotation of the nuclei, and it will also, by
virtue of its own size, keep the planes of the rings apart,
so that a rigid, stable structure will be set up.

Pig. W is a spatial representation of the

skeleton structure of a compound of the type :-
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The linked aliphatic carbon atoms 1 and 2, being slightly
larger than aromatic carbon atoms, which would just touch
in such circumstances, (0*77A radius as against 0 *725"),
will slightly overlap each other, but this overlap is not
sufficient of itself to cause molecular asymmetry. The
incidence of the nitrogen atom, as it were, stabilises the
aplanar position of the rings and at the same time
introduces asymmetry.
The optical stability of the isomers will depend upon the
relation between the rigidity of the spiro-cyclo chain and
the momentum of the rotating molecule. If the spiro
chain loses its rigidity, e.g. by distention of valency
angles, to the rotating molecule, the entire configuration
becomes coplanar and asymmetry disappears. If, however, the
rigidity of the chain is sufficiently great to withstand the
tendency to rotation of the molecule, buckling of the
spiro-chain will occur, with stabilisation of isomers.

The condition for instability of the isomers is

represented in Pig. V, which is a coplanar representation
of ~ A A A . Consider the angular strain in the

spiro-cyclo system. Circle 1, Pig. V, represents what
may be regarded as the position of the nitrogen atom before

strain has been distributed, or the position of nitrogen



Ke.

Aped »exl

cxr\c*ehrver\l

o



18.

relative to individual carbon atoms when the rings are
non-coplanar, the centre of circle 1 being the point of
intersection, in the plane of the rings, of the lines
representing the directions of the free carbon valencies.
Prom the figure, which is drawn approximately to scale,
(atomic dimensions as determined by X-ray crystal analysis
(Pauling) can here be applied with some certainty) the
angle between the two nitrogen valencies concerned is then
about 200°, giving a strain of about 90°. To relieve this,
we may imagine the nitrogen atom moved up to a position as
indicated by circle 2, the strain then being shared by the
two carbon atoms, i.e. the spiro chain is buckled. There
1s still not room for the nitrogen atom, and further
adjustments must be imagined until nitrogen can occupy a
position represented by circle 3. This position represents
the symmetrical configuration, or the arrangement 'at the
moment of racémisation. The valency angle of nitrogen is
then contracted (strain is about -50°) while the valency
angle of each carbon atom is distended (strain is about
+70°.) This imaginary configuration must, therefore, be
unstable, and must give rise to a position of equilibrium
such as that indicated by circle 2, i1.e. the configuration

cannot be coplanar.

A three-dimensional model of the molecule, of which

Pig. ~ is a photograph, shows that, as the phenyl rings
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rotate, the apex angle which the free valencies of carbon
atoms 1 and 2 make with each other decreases, and at the
point where this angle is 109-|°, the length from the angular
apex to the surface of the carbon atoms is almost equal to
the radius of a nitrogen atom, i1.e. there will be very
little strain in the 7-memhered ring. An independent
7-memhered heterocylic ring system is strainless, but the
identity of four of the carbon atoms with those already
fused in the 1:1°:2:2° portions of the diphenyl molecule
may suppress the appropriate buckling and so account for
the slight strain which seems to be present in the model.
The model itself i1s a perfectly rigid structure.
It seemed reasonable to infer, therefore, that

structure W would be

(1) stable, and

(2) asymmetric: a mirror dn the plane of the paper of
Pig. IV would reflect the antimeric configuration, in which
the nitrogen is in front of carbon atom 1 and behind

carbon atom 2.
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Experiments were therefore planned to determine
the ease of formation of 2:2°-spiro-cyclo-derivatives of
diphenyl with the object of deducing some information as
to the configuration adopted by (the atoms comprising)

the spiro-cyclo chain.

3r

zv (R

The compound was first
chosen as being of the type suitable for investigation,
since 1t appeared to have the double advantage of
possessing an ionised bromine atom, on which to perform
resolution experiments, and of being easily prepared from
4:4° -dibromo-2:2"-ditolyl, by condensation with
piperidine:- (cf. von Braun’s experiments on the
condensation of piperidine with pentsmethylene dibromide

(Ber., 1906, 39. 4348, 4351).

( ~ o+ CF LN — 4 H3r

Contrary to expectations, 2:2’°-ditolyl was not found to

be obtainable by a series of dimple reactions at ordinary
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pressures, except in extremely small quantities.

Compounds of the type ( \ \" (where RsGHg

cJi,
and Cg Eg) however, were readily OHobt(:ined, and attempts
to prepare their halogen derivatives led to some
interesting results. The action of phosphorus tribromide
on the tetramethyl glycol was that of dehydration, forming

a hydrocarbon to which formula (2) has been assigned:-

00 .

Ole.,
/D P)
Even more remarkable was the result that dry hydrogen
chloride gas had a similar action, and the same
hydrocarbon (2) was formed. The halogen derivatives of
the tetraphenyl glycol were found to be so excessively
reactive that they could not be isolated in a condition
sufficiently specific for the final condensation with
piperidine.
_____CPk, CPk,
The glycol anhydride * \ was heated under
pressure for prolonged periods with piperidine, and was
refluxed continuously with pure aniline, but in neither
case did any reaction occur.

Subsidiary investigations were carried out simultaneously
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on &-bromopiperonal, with the object of preparing the

dialdehyde AT \J by a modified Ullmann reaction

Ctto e«o

with copper bronze, (cf. Spath and Kahover, Ber.,1924, 67, 1511)
The isolation of this compound would open a fertile field for
general investigation, apart from the fact that it was a
feasible preparative method in the present scheme. The

action of copper bronze in an atmosphere of carbon dioxide

was, however, to catalyse the auto-reduction of the
bromopiperonal, cuprous bromide and piperonal being formed.

The reaction seemed to be characteristic: the derivative
6-bromopiperonylideneaniline yielded, on similar treatment,

piperonylideneaniline.
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The possihility that 2:2°-diacetyldiphenyl (used in
the synthesis of  ( A above) may, by analogy

CMe,
oH OH

with acetophenone, undergo smooth w-bromination to

give A suggested the study of 9-membered

& Do

spiro-cyclo derivatives.
.The 9-membered spiro-cyclo ring would produce the
same stereochemical effect as the 7-membered ring, and

the same reasoning as to possible stability and asymmetry

A\ AN

1 F

N

applies. A model of the skeleton structure (

shows that the 9-membered ring is not only
strainless, but, having a greater degree of freedom than
the 7-membered ring, 1t 1is flexible and capable of
oscillating between two positions. Fig. VT (1)
represents the mean position, and since its occurrence 1is
probably twice more frequent than that of any other it may
be called the normal configuration. The chain can swing
downv/ards to the left, as viewed in the Fig., through
position (2) to position (3), and. can similarly swing

upwards to the right to corresponding positions (2M and (3'")
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on the other side of the molecule. The’ extreme positions
(3) and (3*) represent identical configurations, no
interconversion of forms is involved. Position (3) does,
however, represent the arrangement prior to interconversion,
and from it the process (of racémisation) can he pictured;
the two carbon atoms 1 and 5 must pass each other and the
spiro-cyclo ring must undergo distortion to the effect of
being turned inside out. One complete oscillation of

the spiro-cyclo chain allows one of the diphenyl rings to
rotate relatively to the other through an angle of about
60", The momentum acquired by the rings may accelerate

any impetus in the direction of a complete rotation, so that
the 9-membered ring compound may be expected to be more
easily racemised than the 7-membered one.

The model indicates that the 9-membered ring compound
would be stable, and this surmise is supported by the fact
that an 8-membersd-spiro-cyclo derivative has been made and
found to be optically stable. Kuhn and G-oldfinger,
(Annalen, 1929, 470, 183) prepared the benzil derivative

of their optically active diamine:-
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and found that it retained the optical activity. The
obstacle effect of ortho substituents is still active in
this derivative, and their observation is not relevant

to the point at issue, except that it shows that the
spiro cyclo chain is sufficiently stable to carry two
phenyl nuclei, and that its configuration is non-ooplanar

(cf. the condensation of the active diamine to form an

inactive anil:- ( )— ( ) which has, by inference, a

coplanar configuration.
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Experiments were therefore carried out on the
halogénation of 2:2'-diacetyl diphenyl. Direct
hromination either in glacial acetic acid or in chloroform
solution, gave an apparently homogeneous crystalline
product of m.p. 134-135°. Subsequent analysis showed
that the bromine content was too high for dibromination
to have occurred, yet too low for tribromination. The
product may have been a mixture of dibromo- and
tribromo- derivatives. A credible alternative is that
the bromination was complicated by replacement reactions
of the type described by Robinson, Orr and Williams,
(J.C.S. 1917, 909, 9406). These authors find that bromine
in acetic acid solution may first replace an enol group
and then brominate in the usual way. Applying this to
the action on diacetyl diphenyl there is the possibility

of the following reactions:
)-¢>0
r aB. U. M. Cgr,
cM, (U] rji cLi I » I 1

The presence, of traces of the hexabromo-derivative would

account for the high bromine content of the product.
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Direct chlorination of 2:2'-diacetyl diphenyl gave a
product of indefinite m.p. and visibly consisting of two
crystalline forms, which could not be separated by
fractional crystallisation.«

Time did not allow these complications to be '

investigated and in view of them experiments had to be

abandoned.

—r' Nt
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Thus, although these investigations have
achieved some measure of success and have led to some
interesting results, especially in the ditolylene glycol
series, the synthesis of a spiro-cyclo derivative has not
been completed. It may be said that various methods of
attack have been explored, and the results do not indicate
that further work along the same lines would be suficessful
It seems that the spiro-cyclo system is not easy to form,
and there appears to be need for a great deal of
exploratory work in order to determine the properties
peculiar to reactive 2:2°‘-substituents themselves in the
diphenyl molecule, and possibly to deduce a general
reaction for the synthesis of spiro-cyclo compounds
before their detailed structure can be elucidated

stereochemically.



30.

SCHELiES W'OE THE SYETHESIS CE HETEHO-SPIKO-CYCIiO DERIVATIVES

CE DIPHEEYI.

A. 7-1ISMBERSD SPIRO-UYCLO EIHG GOIliPOGMDS.
It was anticipated that these could he prepared from

halogen derivatives of £:2°-ditolyl, or its analogues,

hy interaction with a secondary hase, e.g. piperidine
Cnf ],
O).,. , CH,

i

1. 2;2'-Ditolyl Derivatives
(E-H in Equation 1).

Kenner and Turner (J.C.S. 1911, 2101) prepared
w:w‘-dihromo-2:2"'-ditolyl hy the direct hromination of

ditolyl, which they obtained hy heating o - iodotoluene
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with copper hronze in a sealed tuhe at 2100 for 8 hours.
In the present series of experiments it was desired to
eliminate sealed tuhe work as much as possible, and a
series of simple, straightforward reactions which would
give good yields of dihromo-ditolyl seemed preferable.
Several such schemes were planned, five of these have

been investigated.

T From o.--nitrobenzyl phenyl ether:-

a@%\ No, -— ) NHr
(Holk CNOTk QfioK

OH CEH

M) (f)

This scheme was carried as far as stage (c) when it
was found that the diazo salt, QTTO ’ not react
with an aqueous solution of potassium iodide in the usual
way, but formed instead a highly-coloured compound,

probably of the type

or possibly

Reactions with corresponding p, compounds were also studied
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in order to obtain experience of the reactions involved.
£-Aminobenzyl phenyl ether proved difficult to isolate on
account of its extreme reactivity and light-sensitiveness.
Kumpf & Fische (Annalen,1862, 224, 106, 153) commented on its
excessive reactivity and concluded that attempts to reduce
£-nitrobenzyl phenyl ether were futile. An explanation does
not seem to be forthcoming in terms of electronic effects.
In the nitro ether there are opposing electron displacements
which, being situated at opposite ends of the molecule, may

be capable of balance:-

A ( )0 "

(o)

In the amino compound, the electron displacements are in the
same direction, making the nitrogen excessively positive,

1.e. stable to oxidation:-
N y—CH.-o0-

TL From o-nitrobenzyl benzoate:-

> ( )NH,

0tjBr CH,ir 01.0H CM, Clt,
OCo?L oco'pk

(d)
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At stage it) it was anticipated theoretically that the
presence of the carbonyl (-00-) link might have some
deactivating effect on the lability of the phenyl nucleus,
and that the diazo salt should, in consequence, be
sufficiently stable to form the iodo derivative (c). In
practice it was found that a coloured precipitate was again
formed, and no iodo compound could be detected among the
products of reaction.

This result i1s in agreement with the observation made by
Paal & Bodewig (Ber. 1892, 25, 2965) that o_-aminobenzyl
benzoate is reactive, and readily forms intra-molecular

derivatives of the type;-

-CH"0-00Pk

IT1 From o-nitrobenzyl alcohol;-

@

(

In this series of experiments, small amounts of the

iodu compound (c¢) were obtained, but not in sufficiently
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good yield to justify adoption of the scheme unmodified.
Reissert & Cramer, {Ber., 1928, 61B, 2555) have stated that
the diazonium chloride of o aminohenzyl alcohol is extremely
labile and decomposes completely in IICI solution in 1 hour

at 0N e

The replacement of Phenyl by hydrogen produced an
effect in the right direction, and although this result
seemed to indicate the direction in which further attempts
should be made to reduce the lability of the system

A , these had to be postponed owing to
dermatitic properties of chemicals used, the workers being

in danger of becoming super-sensitised.

w From o-iodotoluene (a) TJllmann method.
1
CHs CH, CMm.

Under ordinary conditions the conversion of £ iodotoluene
into ditolyl was unsatisfactory, presumably owing to the
low boiling point (204°) of the former. Increase of pressure
improved the yield slightly (Kenner®s method) but it was
desired to eliminate tedious work as far as possible.
Attempts to raise the boiling point by physical admixture

with a non-reacting, easily recoverable substance of high
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boiling point (e.g. dinitrobenzene, napthalene) did not

give good results.

(b) Grignard method.

Ch- —CD" —CAMD —( M )

'S

The Grignard compound { reacted only
incompletely with chromic chloride (Bennett & Turner
J.C.S. 1914, 105, 1057) and the product was consequently
difficult to work up. Similar results were obtained by
treating the Grignard reagent with cupric chloride
(Turner & Krizewsky (J.C.S. 1919, 559). This scheme has so
far been used only for the preparation of small quantities

of ditolyl.

V. From 4-nitro-o-toluidine:-

NO,. m-i tMov A/,

CD~CD ' CD CD

CH3. OW3. c3

This scheme was devised as an attempt to obviate the
difficulty (compare TVa) of preparing 2:2*-ditolyl directly
by the Ullmann method. 2-iodo-4-nitrotoluene boils above

250°, and the conversion into 5:5°-dinitroditolyl was found
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to proceed satisfactorily at 210-220°. Reduction of the
dinitro-ditolyl was effected in two attempts made, and

5:5*-diamino-2:2*-ditolyl isolated. Other products were

also formed, including the nitro-amino body, ( )—{ )

and the yield of pure base was not sufficient for the

scheme to be a feasible preparative method.
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2. ww*-Tetramethyl-2:2* -ditolyl Derivatives .

in Equation 1)

In this series the halogen derivative was to he

prepared from the glycol:-

— 3,

CNtv M, ote”

| ! 4 4
OH OH

With a view to deciding the best method of preparation

of the glycol itself, the action of methyl magnesium iodide

on the series A A9 ( A A 6"9( A\
? 7 A a @
A d e M !
Me Me
was first investigated. From the acid chloride, (i) a

semi-crystalline product was obtained which, by fractional
crystallisation from light petroleum b.p. 80-100°, gave two
products. The more soluble (A) crystallised in prisms and

had a final m.p. of 138-139°, and proved to be the

of
glycol ( A ) ;3 the less soluble (B) crystallised in
needles', melted at 164-165° and was identified as the
H I
Ole

alcohol-ketone
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The melting points in this series show a curious

irregularity which i1s worthy of note

diacetyl diphenyl ¢( |- ( \ m.p. 93-94°. (Zincke and
R ( V- A Tropp, Annalen 1908, 362, 305,

give m.p. 83°).

alcohol-ketone (- )-——- ( > m.p. 164-165°
» /
(6] CIH

glycol (- )—( ) m.p. 138-139°.
CNt, CNt,
vV oM

In the reaction with diacetyl diphenyl (i1i1) large colourless
prisms separated from the ether extract of the Grignard
products, and these proved to he a pure specimen of the
glycol, m.p. 138-139°. The whole of the product dissolved
readily in 60-80° light petroleum, and no trace of the
alcohol-ketone could he detected. The reaction was clean
and straightforward, and was afterwards used for the
preparation of large quantities of the glycol, giving a @b
yield of pure product. From the ester, dimethyl diphenate (i1)
a fairly pure specimen of the glycol was obtained 1f the
ether extract was previously washed with caustic soda. This
washing removed a bye-product, probably the lactone, which
was present in considerable amount. The "final yield of

glycol was 45" of the theoretical.

The alcohol-ketone obtained from the dichloride of diphenic
\



39.

acid was not readily converted into the glycol. A fter
refluxing with a large excess of Grignard reagent for six
hours only a 10M conversion occurred. It must he inferred
that the alcohol-ketone, once formed, is extremely stable,
and the incomplete replacement in the original reaction
(CICO. G"E"-06%.0001 -fGHg"Igl) is not due to an inhibiting
effect or to any side reactions connected with the presence
of the acid chloride. [t is curious that no alcohol-ketone
could be obtained either from diacetyl diphenyl or from
dimethyl diphenate.

Phosphorus tribromide had an immediate action on the
glycol, which was complete in five minutes at 40". The

product crystallised from light petroleum b.p. 40-60" in

rectangular prisms, m.p. 96-97°. It contained neither

halogen nor oxygen and was given the formula ( AA )
CNt Otc
M M

Equation 11" therefore takes the corrected form:-

oM, O\, o\
M i ar it

A mixture of phosphorus tribromide and pentabromide had the

same effect as the tribromide alone.
Phosphorus tribromide in chloroform solution gave back the

glycol.



40.

Pure, dry hydrogen chloride gas was passed carefully
over the molten glycol (150°), precautions being taken to
exclude all moisture from the apparatus and to remove any
water formed from the reaction mixture. The establishment

of an equilibrium

was assumed, and the gas was passed for three or four hours
in an attempt to displace the equilibrium as far to the
right as possible. The ECI gas was swept out by a current
of nitrogen, and the product extracted with dry, boiling
light petroleum, b.p. 80-100°. Concentration of the
solution followed by precipitation with dry, light
petroleum, b.p. 40-60°, gave prisms, m.p. 96-97° identical
with those obtained by the action of phosphorus tribromide.

Equation III therefore becomes

I I I I
OH crU CJfr

Corresponding experiments were carried out on the
alcohol-ketone. Phosphorus tribromide reacted immediately,
but the product was hydrolysed during ether-extraction, and

the alcohol-ketone was recovered. Dehydration analagous
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I

.C
to that of the glycol would give ( 2n A, but this
CMt

OHr

could hardly be expected to undergo hydrolysis with wet
ether. More probably a halogen derivative was formed.
Dry hydrogen chloride gas gave a product which could only
be crystallised from alcohol/cone. HCI. It then melted

at 64-65°, but contained only 4f6 of chlorine.

3. w;w*-Tetraphenyl-2;2*-ditolyl Derivatives.

(R=O"Eg in Equation 1)

Experiments parallel to those in the tetramethyl

series were carried out with the tetraphenyl glycol, ( J AN
K. R4
OIH ([)H

which had been prepared by Tschitschibabin and Ssergejeff
(Ber., 1926, 59, 654).

Phosphorus tribromide reacted with the glycol to give a
solid product, stable to ice-water. This dried as white,
hygroscopic granules, which contained bromine. On
attempting to obtain it in a crystalline condition, however,
hydrolysis invariably occurred. For example, it dissolved
sparingly in A.R. acetone, but after two minutes standing in
air it dissolved readily, and removal of the solvent left
the glycol. This behaviour can only be accounted for by

assuming that the bromo-derivative (1) 1s almost completely
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insoluble in water at 0°, and (2) forms a highly hygroscopic
solution in most of the common solvents. As a side-track
experiment, the crude product was refluxed with pure, dry
dimethyl aniline in dry benzene solution. On cooling, no
crystals separated and no solid material could be obtained
from the solution.

The tetraphenyl glycol melts at 252°, so the effect of
dry hydrogen chloride on the molten material was not
investigated. In acetic acid solution at 170° no reaction
occurred. Its proneness to attack by phosphorus tribromide
led to speculation on the possibility of the glycol reacting

directly, in the form of its anhydride, with piperidine

A fter heating under pressure at 120° for six hours, however,
no change was observed, 2«3 g. of glycol anhydride being

recovered from 2*5 g. of starting material.

It was apparent that the isolation of halogen

derivatives of the type ( ) required specialised

X k
technique, and time did not allow further investigation.
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Experiments on 0-Bromo-pj-peronal.

Spath and Kahover (Ber., 1924, 67, 1511) obtained
6-phenylpiperonal by the action of copper bronze on
iodobenzene and 6-bromopiperonal. A corresponding process
could not be traced in the action of copper bronze, in an
atmosphere of carbon dioxide, on 6-bromopiperonal alone.
At 220° no reaction occurred, the bromopiperonal being
recovered unchanged. At 240° there was indication of some
reaction, a deposit of cuprous bromide collected on the
surface, and after five minutes (bath at 240°) the
temperature rose rapidly to 280°, the whole mixture
blackened and appeared to boil. The product was extracted
with bisulphite solution and the only aldehyde present was
piperonal.

Attempts were then made to determine which part of the
molecule was responsible for the anomalous behaviour.
Protection of the aldehyde group did not affect the result,
6-bromopiperonylideneaniline yielded, under similar
conditions piperonylideneaniline. The diacetate of
bromopiperonal could not be made by the usual methods, a
compound having acetic acid of crystallisation being
always formed. It was concluded that auto-reduction in the

presence of copper bronze must be a property induced in the

system 0,4 by the methylene oxide grouping.

(o)
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B. BIPHSft*YL DERIVATIVES HAVIB& A 9-1-ISiEBaHSD SPIHQ-CYCLO RIUG

These are theoretically ohtainahle from

w;w*-dihromo-S:2’-diacetyldiphenyl:-
y p y

> CW, 4 M3

CO-

It was intended (hy analogy with the preparation of
phenacyl bromide) to obtain the dibromo-derivative by the
direct bromination of diacetyldiphenyl, which was

conveniently prepared from phenanthrene:-

CMtoW
1
a7 X co CNtdH X  Ole-0

The product obtained had melting point 93-94* (Zincke & Tropp
gave melting point of diacetyldiphenyl 837, Annalen 1908,
362. 305). The melting point of the bis-nhenvlhvdrazone
agreed with that given in the literature. On bromination,
the diacetyldiphenyl gave a crystalline compound of constant
melting point which analysis showed to have a higher bromine

content than that required by the dibromo-derivative.
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It was inferred that the reaction was complicated hy
"replacement" of the enol group and that several higher
hromo-derivatives were probably present, (cf. Robinson, Orr &

Williams, J.C.S., 1917, 909, 946).

Ezperiments on the chlorination of diacetyldiphenyl were
started with a twofold object:- (a) to obtain further
evidence of the extent of halogénation. (b) to test the
possibility of obtaining the di-iodo-derivative from the
dichloro-dérivative.

The product obtained was a mixture of chloro-derivatives.
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II. THE IRFLLUEEC2 OF POLAR EFFSCTS OR THE OPTICAL STABIXITY

OF 2 :2'-DISUBSTITUTED BIPHEHYL3.

The importance of electrical properties 1in
determining the obstacle effect of ortho substituents in
the diphenyl molecule has already been mentioned (p 9 above) .

The study of other compounds has shown that, in
general, unlinked atoms, whether in different molecules or
in different parts of the same molecule, exert a more
effective electrostatic repulsion upon each other than do
linked atoms. If by "atomic diameter" is meant the
internuclear distances of (linked) atoms in a solid compound,
this repulsion will have the effect of increasing the atomic
volume. It would have been ideal if one could have defined
"atomic diameter" as the internuclear distance of unlinked
homogeneous atoms less the minimum interatomic distance, but
combined atoms were the first to be measured and the term has
been applied to them. Measurements of intermolecular -«
distances have been made in the solid state by S. B. Hendricks,
(J.LAmer.Soc., 1928, 48, 3007, Chem. Reviews, 1930, Ho.4) and

in the vapour state by Wierl (Physik. 2., 1930, 31, 366, 1028 ;
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Ann. Physik, 1931, s, 521). The results, as interpreted
hy E. V. Sidgwick (George Fisher Baker Eon-Resident
Lectureship in Chemistry, Cornell University, Vol. Il n.232)
indicate that the increase in diameter due to electrical
repulsion - the difference between internuclear distances
for linked and unlinked atoms - may be of the order of 1 X.
This value is an average one and therefore approximate.

In applying calculations to the diphenyl molecule,
allowance must be made for the fact that ortho substituents
are not comparable to "unlinked" atoms, being indirectly
attached through a system which tends to force their
approach: their effective volumes must lie somewhere

between the limits set for linked and unlinked atoms. This

would be in agreement with the limits set by experimental

¥ NF @
results (e.g. the linked values indicate that V— |

should not be resolvable, and it is (loc.cit.); the un-
0 F F
linked values are said to indicate that / AN T
F F
should be resolvable, and it is not. (Kleiderer & Adams,

J. Amer. Soc., 1933, 53, 4219).

Applying the results to constituent parts of the same
molecule Sidgwick has cited the Thorpe-Ingold effect as
evidence of interatomic repulsion. For example, the

Cl-Cl distance in carbon tetrachloride, where all forces



48.

are evenly distributed, is 2*99 - 0*03 /g, whereas in
methylene chloride it is 3*23 - 0*1 A. Sidgwich attributes
this separation of the chlorine atoms to their mutual
electrostatic repulsion. [t may also be due to the greater
size,of the chlorine atoms: the separation certainly tends
towards a more even distribution of mass about the central
carbon atom. Also, there must be an equal repulsion
between the unscreened positive hydrogen nuclei, but,
assuming the law of inverse squares, this could not be so
effective owing to the smaller size of hydrogen. It would
seem then, that mass rather than polarity is the fundamental
determinant in this case. In the case of diphenyl, this
would mean that electrical properties are only effective on
large atoms and again emphasises the fact that they must be
studied for limiting types.

General evidence which is more applicable to the
diphenyl molecule has been obtained by Weissberger and
Sangewald (3. physik, Chem., 1931, B 12, 399) and by
Hassel and ITaeshagen (ibid. 1931, B 14, 232). These
authors have measured the dipole moments of hydrobenzoin
and isohydrobenzoin, CsHs.CHOH. CIIOH.CéHs. For completely
free rotation about the C - C bond the two forms should have
the same moment. The results showed a difference of 25%0,
and although the authors do not claim that any quantitative

statement is possible, they infer that the electrical forces
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do, in some degree, restrict the free rotation.
Corroborative evidence has been obtained by K. I». Wolf
(Trans. Faraday Soc., 1930, 26, 315) for the diethyl esters
of dextro- and meso-tartaric acids, the dipole moments of
which differ by [/&fo. These results may be taken as
evidence for believing that electrical forces do exist
between different parts of the same molecule, and that they
are operative when steric effects are absent.

Meyer (Z. physik. Chem., 1930, B.s, 27) has studied
the results of dipole moment measurements quantitatively,
and has calculated that, if the dipoles are separated by a
distance which i1s less than twice the diameter of a linked
carbon atom, then the intramolecular potential is greater

than the energy of thermal agitation and rotation is

prevented. An extreme example is the carboxyl group,—C

'-OH
which is so polar that the hydrogen is held in the

position of minimum moment up to a temperature of 20,000°.

In applying these general considerations to the diphenyl
molecule there are many allowances to be made. Ortho
substituents can never be of the nature to exert such a force
upon each other as -OH does, for example, upon >00. Moreover
it 1s not only the rotation of the groups themselves which
must be prevented but that of the whole diphenyl system, the

moment of inertia of which must be considerable. As Senior
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has pointed out in another connection (J.Amer.Soc., 1933,
50, 4704) the asymmetry of diphenyl derivatives has no
connection with any pre-established set of ideas, so that
while comparisons may indicate the various possibilities,
no accurate conclusions can be drawn from them.

It follows then, that comparison with compounds
in general suggests that electrical forces exist between
approaching ortho substituents, and provides broad limits
for the extent of their effect. Finer limits can be set
only by resolution experiments on limiting types. Given
that the electrical forces are operative, it still remains
to decide whether they will act by causing deflection of the
valency bonds, as suggested by Stanley & Adams, (J.Amer.Soc.
1930, 50, 1200), and so decreasing optical stability, or
whether they will add to the volume of the groups and so
increase the obstacle effect. Some information as to the
ease of deflection of the valency bonds as compared, with the
degree of restricted rotation may have been forthcoming
from the successful resolution of a 2:2°-spiro-cyclo
derivative, and it was hoped that some correlation may have
been possible.

As the effects due to polarity are small and
vary with the nature of each group it i1s not easy to detect
them experimentally. Ho definite conclusions can be drawn

from the results of X-ray analysis of crystals of active.
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as compared with inactive, diphenyls (e.g. Clark & Pickett
J.Amer.Soc., 1931, 53, 167). The problem is further
complicated by the fact that no clear distinction can be
made between polar effects and volume effects, the effect
measured, even by resolution experiments, is always the

resultant of both.
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In the present work the electrical effect has
been studied through the allied effect of “-substituents
on the optical stability of antiraeric forms. Polar effects
are known to be relayed across the molecule and any
differences observed between the optical stability of
substituted and unsubstituted antimers can be taken as the
effect of the induced polarity of the ortho groups. This is
a most convenient method of investigation, since, by
selecting a substance which has stable but racemisable
antimeric forms- and synthesising a corresponding substituted
derivative, many accurate measurements can be made which
offer a mass of material for direct comparison. Moreover,
complications due to differences in mass or size are
eliminated and electrical effects can be observed directly.

The first work in this connection was done by
Kuhn and Albrecht (Annalen, 455, 272; ibid., 458, 221),

who observed that the isomers of the para di-substituted
@HCOVH

nitrodiphenic acid, A \Y had. a half-value

period nearly three times that of the meta mono-substituted

acid ¢ ~C—) * actual values were 50 mins. and
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18 mins. respectively, and corresponding values for the
energy of activation were 22,400 and 26,000 cals.

Kuhn attributed the effect to the difference between the
masses of the two compounds, and considered the two para
nitro groups as increasing the moment of inertia of the
molecule and so reducing its rate of oscillation. More
recent work by Adams and co-workers has shown that the
effect i1s, howéver, an electrical one. Yuan and Adams
fj.Amer.Soc., 1932, 54, 4434) observed, for example, that

chlorine and bromine have almost the same effect on the

@ NO
rate of racémisation of the compound { }—" ) , when

substituted'in the 5’ position (para to the methoxy group).
As the masses of chlorine and bromine are sufficiently
different, in comparison with the mass of a nitro group,
for the effect to be measureable, the cause must lie 1n the
similar electrical properties of the halogens. Yuan and
Adams studied the effect of the series of 5’ -substituents

-OMe, -OEg, -01, -Br, -HOg on the rate of racémisation

/o od A\
( ) 1, and found that

CoJH

the values for the half-life periods of the isomers were in
the order of the polarity of the substituent groups, the
most polar groups having the most stabilising effect. The

values were also compared with the dipole moments of the
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correspondingly substituted anisoles;- (Ho data are
available for the dipole moments of active diphenyls and

would not be significant owing to their complicated

structure).

Substituent Half-value Period Dipole moment
of acid in alcohol. of 5-substituted

anisole.

OMe 10 *8 mins. 1-8

CHs 11-5 1%2

01 31*0 2*%24

Br 32*0 2*%24

EO2 35.4 4.3

The comparison suggests that there is some relationship
between the obstacle effect of the ortho groups and the
electrical properties of the molecule. Chien and Adams
(J.Amer.Soc., 1934, 56, 1787) have given support to this
evidence by finding that the substituents have the same

relative effect on the stability of the same compound
/I ON N

j  when substituted in the 3*-position (ortho to
the methoxy group). The 3’-substituted compounds are
much more optically stable than the corresponding

5*-substituted compounds



5S.

Substituent Half-value Period
of acid in alcohol.
3" -position. S5*-position
OMe 98 «1 mins. 10.8
CII3 331-9 11-5
Cl 771-3 31-0
Br 827-0 32.0
HOg 1905-2 35-4

COH ON< oMt Co,H

Similarly, the 3:3’-dicarboxy derivative, {"—C 3 ,

seemed to be more optically stable (its active brucine
salt was isolated by Stoughton and Adams, (J.Amer.Soc. 1932,

54, 4436) than the corresponding 5:5*-dicarboxy

ont ont
derivative, C "~ 7 A, which could not be resolved.
Coi" F E Co’y

These results seem to prove conclusively that the effects
observed are not due to any difference in the masses of the
molecules, nor directly to the electrical character of the
substituents themselves, since the same group in different
positions produces different effects. Electrical effects
must be induced in the ortho substituents by the molecule

as a whole.
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The effect of 4:4*-substituents has now been

N
examined by synthesising AA for comparison
NMcJ
with ( ~ ~ ~ resolved by Shaw & Turner (loc.cit.)

The d.dl-camphorsulphonate and the d*dl-o(-bromocamphor
sulphonate of the 4:4*-diethoxy derivative, have been
prepared and crystallisation experiments have been carried
out in two solvents, but although some heterogeneity was
indicated no separation into optical antipodes could be
observed. The greatest differences in specific rotation
oi)served were between + 16-3* and M m)y 4-19-00,
(a difference of 0*12” between observed angles) for the
camphorsulphonate, of which fourteen specimens were
examined, and between 4-52*0~ and 4-47*8°
for the bromo-camphorsulphonate . This may mean that the
d- and 1- forms have almost identical solubilities, 1in both
solvents, or it may mean that the isomers are optically
unstable, the more soluble always being converted into the
less soluble form during the process of crystallisation.
The latter alternative would imply that the para ethoxy

groups have a very marked effect on the optical stability

VML,

of the compound { V- ) , the camphorsulphonate of
Nx¢ X

which has a half-value period of 310 mins. at 90". (see p 121)
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The only other observation of the effect of para substituents
on the unsubstituted molecule is that of Kuhn and Albrecht
(loc.cit.), and it 1s interesting that the effect of para
nitro groups was to increase the optical stability. <—OEt is
opposite in polar effect to and this may account for
the possible instability. Searle and Adams (J.Amer.Soc.1934,
56, 2112) have recently shown that on the 2:2*-dibromo-
diphenyl, p-eubstituted —OOgE and ~"HEg have sufficiently

different effects to decide between resolvability and

non-resolution. The compound\—/ ACO'H gave active
L ir

brucine salts which showed mutarotation, but both the

camphorsulphonate and the bromocamphorsulphonate of the

compound )— VN4 showed constant rotation.
L W
The dipole moment of 4:4* -diethoxydiphenyl, "~ CZZH)""

is given as 1*9, and that of 4:4*-tetramethyldiaminodiphenyl,

as 1*25. (Williams and Weissberger,

J.,Amer.Soc., 1928, 50, 2332; Z. physik. Chem., 1929, B3, 367)

If the potentials of the ETC and HMeg can be regarded as of
opposite sign, then would, have a greater dipole
than and might be expected to be more optically

stable, (cf. Yuan and Adams, loc.cit.).
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It is unfortunate that while there is no information

as to the relative solubilities of antimeric forms the

significance of these results

cannot be assessed.
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Primarily to provide material for comparison, the

rate of racémisation of the unsuhstituted 2:2*-disuhstituted
NMc™

derivative, { AA A was investigated.

Measurements were made with the d.d-camphorsulphonate in five
solvents at 90", water, alcohol, acetone, acetonitrile and
chloroform. Contrary to expectations no correlation was
possible between the k values and the dielectric constant”

of the solvent

Solvent k

Water 0.00095 80 *0

Alcohol 0'0010" 23-5

Acetone 0.00194 21-4

Acetonitrile 0.0021 4 38-8

Chloroform 0.003 5 05

The order of increasing k value does seem, however, to be that
of increasing solubility of the camphorsulphonate in the
solvents. A theoretical basis for this would be the
hypothesis that a good solvent is one in which intermolecular
spaces are large, so that many dissolved molecules can be
accommodated and if few are present each has freedom for its

own motion.
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The measurement of the rates of racémisation at three
temperatures, 85°, 90°, and 95°, allowed the energy of
activation to be calculated. For the d-iodide, the values
were 12,900 and 10,400 cals. The difference, 2,500, is the
extent of the experimental error (calculated independently),
so the value may be given as 11,700 - 1,250 cals. For the

d *d-camphorsulphonate the value was* 18,800 i 1,250 cals.
Sidgwick (Annual Reports, 1932) has calculated theoretically
that the value for the energy of activation of a diphenyl
derivative which has a moderate half-life period (about 60 mins)
should be roughly 18,000 cals. Since the "activated™ state
of a 2:2*-disubstituted derivative may be identified as that
in which the energy of thermal agitation overcomes the
obstacle effect and 2:2*-substituents pass each other, it 1is
possible to interpret the energy of activation as the energy
necessary to rotate one nucleus relative to the other through
an angle of 180°. The unstable intermediate compound
corresponding to the "endl" form of other asymmetric molecules
("End" Theory) has the coplanar configuration. [t would seem
more probable that the valencies of the ortho carbon atoms
only are deflected at the moment of racémisation, rather than
that the whole molecule is deformed as, for example, in the

configuration of the inactive di-hexamethylene

derivative, " , prepared by Meisenheimer and Horing,

(Ber., 1927, 60, 1425). The fact that 2:2%*-:6*-trisubstituted
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diphenyls are more readily racemised than the corresponding
2:2%-:6:6%-tetrasuhstituted ones lends support to this, since
the bending of only two, as against four, valencies would be
involved.

The fact that Shaw and Turner (loc.cit.) obtained different
values for the rates of racémisation of the d.d-camuhorsulphonate
and the d-iodide suggested that there was some effect due to
¢lectrostriction. The d-benzenesulphonate has now been
prepared and its rate of racémisation compared with those of

the d-iodide and the d.d-camphorsulphonate in dilute aqueous

solutions of equimolecular concentrations:-

Salt k Half-value period.
benzene sulphonate 0.0014¢ 210 mins.
iodide 0.00II>9 250 *
d-camphorsulphonate 0.00095 310 "

[t is interesting that the loss of activity of the camphor
molecule does not obliterate the relative obstacle effect of
the camphorsulphonate group. There does not seem to be any
correspondance between the values for the benzenesulphonate
and the d-camphorsulphonate which would indicate a common
effect due to the sulphonate type of linkage. The
instability of the benzenesulphonate, as compared with the
iodide, strikingly confirms what would have been taken for

granted, that dynamic effects (cf. lesslie and Turner,
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J.C.S., 1932, 2021) are not operative 1in the ionic state;
the fact that the values for the iodide and the

benzenesulphonate are different, however, suggests that the

NVe1
ion A j—" ~ does not exist as an entirely independent
entity. There must be some électrostriction which wDuld
have to be explained in terms of electronics. This can

hardly be regarded as the direct influence of polarity on
the obstacle effect of the IMe” group, but the two phenomena
may be the results of the operation of the same mechanism

of electronic displacements.
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It is evident that a completely satisfactory
interpretation of the polar effects of ortho substituents
in the diphenyl molecule is still remote. Any attempt
to correlate polar properties with obstacle effect would
be premature, and contemporary work must therefore take

the form of an interim report.
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T HETEHO-SPEO-CYOLO DERIVATIVES OF DIPIIEHYD.

A. 7 MSMBERED-SPIRO RIHG COMPOUIIDS.

1. 2:8*%-Ditolyl Derivatives:
Attempted Syntheses of w:w*-Dibromo-2:2"-ditolyl

T From o-nitrohenzyl phenyl ether.

(1) Preparation of o-nitrohenzyl phenyl ether.
The following modification of the method
of Thiele & Dimroth (Annalen 1885, 305, 113) was used.

A solution of potassium phenoxide in phenol was prepared
by heating 28 g. of caustic potash //” mois) with five drops
of water in a Pyrex flask until the liquid was clear, cooling
to the point of crystallisation, and adding 94 g. of phenol
(3 mois) in small portions, with shaking and occasional
warming to keep the melt clear. This was cooled to 100° and
treated with 57 g. (1 mol) of o-nitrobenzyl chloride. A fter
heating under reflux for 1 hour on the water bath, the
product was shaken free from phenol with excess caustic soda
and the precipitated ether filtered off. Crystallisation
from alcohol gave colourless prisms, m.p. 62-63".

Yield 42 g. (55%).
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(2) Preparation of o”-aminobenzyl phenyl ether.
Thiele & Dimroth (Annalen 1885, 305, 114)

used stannous chloride and hydrochloric acid for the reduction
of o-nitrohenzyl phenyl ether. In the present series of
experiments reduction with iron, water and a trace of acid
gave good results.
A thin paste of 50 g. of iron filings and water was heated on
the water hath for 10 minutes, and a few cc. of glacial
acetic acid were added. Whilst the mixture was still
frothing, 50 g. of o-nitrohenzyl phenyl ether were added and
the mixture stirred and kept as hot as possible for half an
hour, boiling water being added from time to time to keep the
paste thin. The base was extracted with boiling alcohol,
the solution filtered from iron, and the solvent removed by
evaporation under reduced pressure. The residue was freed
from nitro-compound by dissolving in dilute hydro chloric acid
filtering and precipitating slowly with ammonia. The base
crystallised from alcohol in colourless prisms, m.p. 81-82°.

Yield 40 g. (91 .

(3) Action of Potassium Iodide on o-Aminobenzyl
phenyl ether diazonium salts.
2-Aminobenzyl phenyl ether (20 g.) was

heated with 25 cc. of concentrated hydrochloric acid and 40 cc.

of water until dissolved. The solution was rapidly cooled.
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with stirring, to 0°, and the resulting paste treated with

7 g. of sodium nitrite, ice being added as required. The
diazo solution was filtered, freed from nitrous acid with
urea, and poured slowly into a solution of 32 g. of potassium
todide and 50 g. of sodinm acetate in 70 cc. of water at 40°.
A red-brown precipitate appeared, which on heating evolved
nitrogen and formed a brownish tar-like mass. On extracting
with ether, i1odine only dissolved out and the residue had a
high melting point (abovd 200°).

The method was modified:-

(a) base diazotised in concentrated sulphuric acid

(b) the diazo solution poured into potassium iodide solution
alone.

In each case a similar result was obtained.

On attempting to neutralise the diazo solution with sodium

bicarbonate the same precipitate was formed.

Experiments in the p-nitrobenzyl phenyl ether series.

(i) £-Hitrobenzyl chloride was prepared by the method given
in the literature. The product was separated from the
2-compound by pouring on to ice and filtering, When most

of the o-compound filtered through as liquid o-p”- mixture.
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A fter melting under successive quantities of boiling water
the solid portion was crystallised from alcohol, in which the
p-compound i1s much the more soluble.

Yield 30yb (Calculated on total p-p-mixture.)

(11) p-Hitrobenzyl phenyl ether was prepared from
p-nitrobenzyl chloride and potassium phenoxide by the method
described for the p-compound ((l1) above), m.p. 90-91°.
Yield 25 g. (857b)

(ii1) Action of reducing agents on p-nitrobenzyl phenyl ether

{a) Fe and HCI

40 g. of p-nitrobenzyl phenyl ether were dissolved in
70 cc. of alcohol under reflux, 50 cc. of concentrated
Hydrochloric acid in 20 cc. of water were added and then
20 g. of iron filings in small quantities, with vigorous
shaking. The mixture was heated on the water bath for 2%
hours, and while still warm *880 ammonia was added, drop by
drop,till alkaline and the iron filtered off. On evaporating
the filtrate, a negligible residue was obtained, which rapidly
turned dark in the air and dissolved very readily in dilute

hydrochloric acid.

(b) Iron and water.

20 g. of p-nitrobenzyl phenyl ether were added to a hot
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paste of 20 g. of iron filings and water with 2 cc. of
glacial acetic acid. A fter stirring for 30 minutes, hot
acetone was added, the iron filtered off, and the solution
evaporated under reduced pressure until 10 cc. remained.
This was treated with dry ether, when a brownish precipitate
separated, which had a high melting point and was insoluble
in alcohol. A fter boiling the precipitate with dilute
sulphuric acid, and adding excess caustic soda and iodine,
a white precipitate appeared and the odour of iodoform was
easily detected. The white precipitate was insoluble in

organic solvents.

II. From p-Hitrobenzyl benzoate.

(1) Preparation of p-nitrobenzyl benzoate.
50 g. of p-nitrobenzyl chloride were refluxed
with 85 g. of sodium benzoate in 100 cc. of water for 8-10
hours at 120°. On cooling, the ester separated, was*
filtered off and crystallised from aqueous alcohol,
m.p. 93°.

Yield 65 g. (68%)

(2) Preparation of p-aminobenzyl benzoate.
The method described in the literature (reduction

with Zinc and Hydrochloric acid - Paal & Bodewig, Ber., 1892,
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25, 2963) was first used and did not give satisfactory
results.
Stannous chloride and hydrochloric acid was found to give a
more efficient reducing medium.

10 g. of p-nitrohenzyl benzoate were shaken with
10 cc. of acetic acid in a round flask and 27 g. of stannous
chloride added, and then 30 cc. of concentrated hydrochloric
acid slowly. The reaction was initiated by heating on the
water bath and was complete after 20 minutes. Excess of 40)o
caustic soda was added with cooling. ViHien the. precipitated
tin hydroxide had redissolved the precipitated base was
filtered off, dissolved in dilute hydrochloric acid,
filtered and the hydrochloride precipitated with concentrated
hydrochloric acid.
Crude yield 5 g. (7276) m.p. of hydrochloride 143°.

(3) Action of Potassium iodide on p-Aminobenzyl

Benzoate Diazonium salts.

10 g. of p-aminobenzyl benzoate were dissolved
in 10 cc. of concentrated hydrochloric acid, and the solution
cooled rapidly to 0°, 1*5 g. of sodium nitrite were added,
with ice as required. The diazo solution was filtered,
treated with urea, and poured into a solution of 8 g. of
potassium iodide and 30 g. of sodium acetate in 50 cc. of

water at 35-40°. A red-brown precipitate was formed, which
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was insoluble in ether and chloroform. The same compound
was produced when the diazo solution was neutralised with

sodium bicarbonate.

I11. From p-Hitrobenzyl alcohol.
(1) Preparation of p-nitrobenzyl alcohol.

The following modification of the method of Paal
and Bodewig (Ber., 1892, 2~, 2963) gave satisfactory results.

40 g. of p-nitrobenzyl benzoate were shaken with
100 g. of alcoholic potash at 60-70°. The solution was
diluted with water and the alcohol extracted with ether-"
The ethereal solution was dried over potassium carbonate
and animal charcoal (to decolourise), filtered, and the ether
removed by evaporation.

Yield 17 g. m.p. 70-71°.

(2) Preparation of p-aminobenzyl alcohol.
Various workers - Friedlander & Henriques (Ber. 1882,
15, 2109), Heissert & Cramer (Ber., 1928, 61B, 2555),
Gabriel & Posner (Ber., 1894, 2p, 3512), Paal & Baudenheimer
(Ber., 1892, 2*, 2968) and Auwers (Ber., 1904, 37, 2260)
have experienced difficulty in finding a suitable agent for
the reduction of p-nitrobenzyl alcohol.

The method of Friedlander & Henriques (loc.cit) was found



72.

satisfactory and gave o-aminobenzyl alcohol in 60c yield.

(3) Preparation of o -iodohenzyl alcohol.

Olivier (Rec. trav. chim. 1922, 516) obtained this
compound in small quantities by the hydrolysis of o-iodobenzyl
chloride.

9 g. of £-8minobenzyl alcohol were diazotised with
19 cc. of concentrated hydrochloric acid in 10 cc. of water,
and 4*5 g. of sodinm nitrite at 0". The solution was
filtered, treated with urea and added to 24 g. of potassinm
iodide in 25 cc. of water. (Presence of sodium acetate
caused precipitation of only coloured diazo compound).

A brown granular substance separated, which was extracted
with ether, the extract washed with caustic soda till
colourless, and dried over potassium carbonate. The ether
was evaporated and the residue left in vacuo over concentrated
sulphuric acid for 24 hours. Small brownish crystals were
obtained, m.p. 86-89".

Yield (crude) 4 g. (22fo)

TT. From o”-iodotoluene
(1) Preparation of 2:2”-ditolyl.
(a) Ullmann method.
100 g, of o-iodotoluene were heated to boiling point

(2040) in a large boiling tube in a metal bath at 240".
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100 g. of pure copper bronze were stirred in gradually, and
the mixture allowed to superheat for 30 minutes. 70 cc.
of monochlorbenzene were added and the mixture extracted at
the boiling point. The solution was filtered free from
copper and cuprous iodide and distilled in a flask fitted
with a fractionating column. The chlorbenzene distilled
off at 132-140”, unused o-iodotoluene (70 g.) at 220".

The residue was distilled under reduced pressure, using
Bennett fractionating apparatus, and a small quantity of
2:2'-ditolyl came over as a faintly yellow oil at 140-145°
at 20 mm.

On cooling in a freezing mixture, the oil deposited small
prismatic crystals.

Yield 3 g. (77%. 257" allowed for iodotoluene recovered.)

(b) Grignard method.

The Grignard reagent was treated with
(1) Chromic chloride and (2) Cupric chloride according to
the methods described by Bennett & Turner (J.C.S. 1914,
105, 1057), Turner & Krizewsky, (J.C.S. 1919, 559), and
Turner (J. Royal Soc., R.S. Wales, 1920).
The dilute Hydrochloric acid - ether mixture tended to
emulsify badly (owing to presence of by-products) and only
small amounts of ditolyl (8-9/i?) were obtained from the

ethereal layer.
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7. From 2~Amino-4-nitrotoluene.
(I) Preparation of 2-iodo-4-nitrotoluene.
Willgerodt & Kok (Ber., 1908, 2077) and

Eeverdin & Faoor (Ber., 1897, 30, 3000) obtained this iodo

compound successfully by adding the diazotised base,

AQ

, to potassium iodide solution.
In the present series of experiments, 38 g. (I mol) of
finely powdered 2-amino-4-nitrotoluene were heated with
100 cc. of concentrated hydrochloric acid (4 mois) and
50 cc. of water for 1 hour on the water bath. Diazotisation
was carried out between -5° and 0°, and the undissolved
hydrochloride recovered by filtering the diazo solution was
ground up and treated with dilute hydrochloric acid and more
sodium nitrite at -5°. On adding potassium iodide the
diazo compound separated as pale brownish yellow granules.
It was purified by washing with strong caustic soda, drying
and distilling at reduced, pressure. Boiling point 170-171°,
at 18 mm. m.p. 51"

Yield 40 g.  (607c)

(2) Preparation of 2;2'-dimethyl-5:5"'-dinitrodiphenyl.
This compound had previously been obtained by the
Ullmann diazo method (Ber., 1905, 38, 728). The following

(Ullmann copper bronze) method was found more convenient.
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35 g. of 2-iocLo-4-nitro-toluene were heated to 205°
in a boiling tube in a metal bath at 230-240°. 5 g. of
pure copper bronze were stirred in and heating continued
gently. At 210° reaction set in, indicated by rapid rise
of temperature to 214° and deposit of cuprous iodide on the
surface. Further 30 g. of copper bronze were added in small
portions at such a rate that the temperature was kept between
2100 and 225°. At the end of the addition the mixture was
heated for a further 20 minutes at 225-230°, and then
extracted with 70 cc. of monochlorbenzene at the boiling
point. The solution was filtered off from copper and
cuprous iodide and most of the solvent distilled off. The
residue was left to cool when crystals of dinitroditolyl
separated, which were collected, washed first with a little
chlorbenzene and then with petroleum ether (b.p. 60-80°.)
The chlorbenzene residue left to evaporate spontaneously
deposited another crop of crystals.
A fter recrystallisation from glacial acetic acid the
2:2'-dimethyl-5:5"-dinitrodiphenyl had m.p. 178-179°.

Yield 10 g. (54%)
(3) Preparation of 2:2'-dimethvl-5:5'-diaminodiphenyl.

(a) Using stannous chloride in hydrochloric acid.
27 g. (1 mol) of 2:2'-dimethyl-5:5"-dinitrodiphenyl

were warmed with 20 cc. of glacial acetic acid and 15 cc. of
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water in a round flask. 114 g. (6 mois) of stannous
chloride and 120 cc. (12 mois) of hydrochloric acid were
added and the mixture shaken at 30-40". \Yhen the reaction
became vigorous the flask was cooled under the tap. A fter
20 minutes reaction had ceased, the liquid was filtered

free from unused nitro compound (4 g.) and the filtrate
basified with 150 g. (36 mois) of caustic soda. The
precipitated amino compound was extracted with ether.

A fter removing the ether there was a brown sticky residue
which could not be made to crystallise. With benzaldehyde
and salicylaldéhyde it formed crystalline benzilidine and
salicidine derivatives, and the conclusion was drawn that it
was a mixture of the monoamino-mononitro- and. the diamino-
compounds. It was distilled under reduced pressure and the
main fraction, boiling 240-241° at 22 mm., was collected
separately. After crystallising from benzene / petroleum
ether (b.p. 60-80°) this fraction had melting point 95-96°.

Yield 9 g. (5070)

(b) Using iron and water.

20 g. of 2:2'-dimethyl-5:5"'-dinitrodiphenyl were
added to a hot paste of 30 g. of iron and water with 2 cc.
of glacial acetic acid and. stirred for 40 minutes. When
reaction had ceased the base was extracted with boiling

alcohol and the solution filtered free from iron. Two
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thirds of the alcohol were removed by evaporation at reduced
pressure and the residue left to cool. Small yellow
crystals separated, which after recrystallisation from
benzene / petroleum ether had melting point 96-97°. The
alcoholic mother liquor was evaporated and the same sticky
residue obtained as in (a). It was vacuum distilled and
gave the main fraction boiling at 240-241° at 22 mm
This crystallised from alcohol in colourless rhombohedra.
m.p. 96-97°.
Yield 7 g. (52fi)
Analysis.
Substance 0*2011 g.
A fter combustion, volume of nitrogen 23*8 cc.

temp. 24°, pressure 763mm.
Found 13 <279 N.

C14ll16U2 requires 13*27u
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2. w;w' -Tetrametliyl-2 ;2" -ditolyl Derivatives .

(1) Biphenic acid
was prepared by the Turner modification

of the Vorlander method (Annalen 1901, 302. 136).

(2) The acid chloride
was prepared by the action of thionyl
chloride on diphenic acid, according to the method described

by Bell & Robinson (J.C.S. 1927, 1695) .
(3) Action of QHgMgl on dichloride of diphenic acid.

Preparation of ( J—*~ ) and ( j—C—)
CMe  CJWij C-Mgj
8 bu o oW

The Grignard reagent was prepared hy adding
40 g. (8 mois) methyl iodide to 10 g. (12 atoms) of magnesinm
in 100 cc. of dry ether. The decanted solution was cooled
in ice-water and 9 g. (1 mol) of acid chloride added slowly
in 1 g. portions. When the reaction had subsided the
mixture was refluxed for 2-3 hours on the water hath. The
complex was decomposed with a mixture of 60 cc. of water and
16 cc. of glacial acetic acid, added drop hy drop,

cautiously at first, the flask being cooled in a freezing
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mixture.

The ethereal layer was washed with water, with dilute
caustic soda solution, and again with water, and then dried
over anhydrous potassium carbonate. Removal of the solvent
gave a yellowish semi-crystalline residue (8 g.) very
soluble in alcohol, acetone, benzene, chloroform and glacial
acetic acid, fairly soluble in xylene. It was crystallised
from light petroleum (b.p. 80-100°) and separated into two

fractions, A and B.

Isolation of the Glycol. After fractional crystallisation

from light petroleum (b.p. 60-80°) the more soluble fraction,
A, had m.p. 138-139°, (successive fractions melted at about

114°, 122°, 129°, 135°, 138° 138°), and crystalliaed in

colourless rectangular prisms. Yield 2 g.
Analysis. Fraction A.

Pound:- (1) «¢. 80%*0 ; H, 8OGjo.

(2) ¢C, 79-6 : H, 7-9".

GIsH2202 requires C, 79-95 ;  H. 8-207

Isolation of the alcohol--ketone. The

residue, B, had m.p. 164-165° (successive values 145°

9

158°, 162°, 164°), and crystallised from acetone/P.E.

(b.p. 60-800) in colourless needles. Yield 2 g.
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Analysism Fraction B.

Found:- (1) C, 80 *1 ;. H, 6-975
(2) C. 80-0 ;  H, 6*876
C17H1802 requires C, 80-27 ;. H, 7-1356

Prolonged heating under reflux or addition of benzene to
the Grignard complex hadthe effect of slightly increasing
the yield of glycol, butnever more than 2.5 g. was
obtained. Repeated extraction of the water layer with
ether did not materially increase the yield, for although
the ethereal layer developed a yellowish colour almost
inexhaustibly it was discharged during the caustic-soda
washing, and on removal of the solvent 0*2 g of a glue-like

residue was obtained.

(2') Estérification of alcohol-ketone.

2-5 g. (1 mol) of the alcohol-ketone were dissolved
in 10 cc. of pure, dry pyridine and the solution cooled in
ice. 1-2 co. (1 mol) of benzoyl chloride were added slowly,
and the mixture left in a corked flaskovernight. A deep
red colour developed anda precipitate of pyridine
hydrochloride accumulated. Cold, dilute sulphuric acid
was added, and then ether. There was immediate hydrolysis,
and 2 g. of alcohol ketone were extracted.

The same quantities of alcohol-ketone and benzoyl

chloride were then dissolved in 20 cc. of benzene and 0.7 g.
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(I mol) of pyridine added. A fter several hours the
precipitate of pyridine hydrochloride was filtered off,

and the filtrate evaporated in vacuo. The residue was left
overnight in a vacuum dessicator, and colourless prisms
separated. These had a strong ester-like odour, and were
extremely deliquescent, becoming liquid, within two minutes

of removal from the dessicator.

(s') Phenyl hydrazine in boiling acetic acid solution had
no effect on the alcohol-ketone. A solution was formed but
on diluting with water the starting material was recovered

unchanged.

(4) Action of CH”vIgl on diacetyldiphenyl.

Preparation of ( J ) e
OH  OH-

12 g. (1 mol) of diacetyldiphenyl were added
slowly in 2 g.portions to the cooled Grignard reagent
obtained from 8 g. (8 atoms) of magnesium and 28 g. (4 mois)
of methyl iodide in 80 cc. of dry ether. The mixture, was
heated gently for 3 hours under reflux, and then decomposed
with a mixture of 12 cc. of glacial acetic acid and 50 cc.
of water, added cautiously at first while cooling the flask
in ice-water. The ethereal layer was washed with dilute
caustic soda solution and then with water, dried over

anhydrous potassium carbonate, and the solvent allowed to
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evaporate spontaneously. 10 g, of almost pure glycol
separated as large, stout, rhombohedral prisms. These
crystallised from light petroleum (h.p. 80-100°) as

rectangular prisms m.p. 138-139°.

Yield 8 g. ¢Oo.

(5) Dimethyl diphenate was prepared hy refluxing 20 g.
of diphenic acid with 120 g. of absolute methyl alcohol and
10 g. of cone. sulphuric acid for 3 hours. The product was
poured into strong brine (200 g. of salt in 1 litre of
water) and extracted with ether. A fter being washed with
dilute sodium carbonate solution, and dried over calcium
chloride, the ether was evaporated and the residue
crystallised from methyl alcohol.

Yield 21 g. 927L

(6) Action of CHglifgl on dimethyl diphenate.

Preparation of { A

/ I
OH oH
9 g.(1 mol) of dimethyl diphenate were added
in three portions to the Grignard reagent obtained from
50 g. (10 mois) of methyl iodide and 10 g. (12 atoms) of
magnesium in 100 cc. of dry ether, and the product refluxed

for 3 hours. The complex was decomposed with a solution

of 16 cc. of glacial acetic acid in 60 cc. of water, added
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carefully at first with cooling. The ethereal layer was
washed three times with dilute caustic soda solution and
once with water, dried over anhydrous potassium carbonate,
and the ether evaporated. The crystalline residue was
crystallised from light petroleum (b.p. 80-100") and had
m.p. 138-139°.

Yield 4 g. 4576.

The alkaline washings were acidified and gave 3 g. of
precipitate, probably an acid or lactone, which melted,
roughly at 150", Addition of 50 cc. of pure, dry benzene

to the refluxing mixture did not affect the yield.

(7) Action of CH"Mgl on the alcohol-ketone.

Preparation of ( \ ) e

OH OH
5 g. (1 mol) of alcohol-ketone were added in

3 portions to excess of Grignard reagent prepared from

10 g. (4 mois) of methyl iodide, 2 g. (4 atoms) of magnesium
in 50 cc. of dry ether, and the product refluxed for 6
hours. It was decomposed with a solution of 10 cc. of
glacial acetic acid in 40 cc. of water. The evolution of
large quantities of gas indicated that much of the Grignard
reagent had not been used. The ethereal layer was
separated, washed with water and dried over anhydrous

potassium carbonate and the ether evaporated. Fractional
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crystallisation of the residue from petroleum ether

(h.p. 60-80*") gave a final crop of pure glycol m.p.138-139°.
Yield 1 g. (1076)

(8) Action of phosphorus trihromide on the glycol.

Preparation of the hydrocarbon (-——- ) ) .
CNe ¢e”<
(']21Hi. ::Jix

1 g. of the glycol was covered with 5 cc. of
phosphorus tribromide in a small, dry flask fitted with a
calcium chloride drying tube. A brown-red solution formed,
with heat evolution. This was kept warm on the water-bath
for 15 mins. and then poured carefully onto ice. % en
most of the ice had melted the product was extracted with
ether, the extract dried over anhydrous potassium carbonate
and the solvent rapidly removed on a boiling water-bath
(10 mins.) The residue was cooled and readily solidified
to a white, opaque mass, which crystallised from light
petroleum (b.p. 40-60°) as colourless prisms, m.p. 97-98°.
Yield 0-7 g. (8770)

Analysis.
Pound:- C, 92-1(5); E, 7-8fi>

CisHis requires C, 92-22 ;. H, 7-74fo
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Influence of a solvent.

5 cc. of phosphorus tribromide in boiling chloroform
solution were treated with 1 g. of the glycol. A
homogeneous solution was formed and after 10 mins. on the
water-bath this was carefully washed with ice-water, then
dried over EgOOg and the chloroform evaporated. A glue-
like residue was obtained which, after one crystallisation
from petroleum ether (b.p. 60-80°) had m.p. 138-139° and

was identified as the glycol.

(9) Action of PBrg-PBr® mixture on the glycol.

Preparation of  ( ) A

0'v CMc
I K,

5 g. of phosphorus pentabromide were
dissolved in 5 g. of phosphorus tribromide at 100°, and
I g. of glycol added. A fter standing on the water-bath
for 20 mins. the solution was carefully poured onto ice
and the product ether-extracted. Removal of the solvent
gave 0*8 g. of residue which crystallised from light
petroleum (b.p. 40-60°) as colourless prisms, m.p.97-98°.

(10) Action of phosphorus tribromide on the
alcohol-ketone.

1 g. of alcohol ketone was added to 5 cc.of
phosphorus tribromide in a small, dry flask fitted with a
calcium chloride tube. On warming the flask gently on the

water bath a vigorous reaction set in. After 25 mins. the
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solution was cooled and poured, very slowly, onto ice.

A thick colourless o1l settled to the bottom. On adding
ether there was immediate hydrolysis, the whole mixture
surged and boiled vigorously. After some time, more ether

was added and 0*7 g. of alcohol-ketone were recovered.

(11) Action of dry HCl-gas on the glycol.

Preparation of
OHe OM«

I D

This reaction was carried out under conditions
of special precaution to ensure that all moisture was
excluded from the apparatus and that any water formed during
the reaction was at once removed.
4 g. of glycol were introduced into a small bolt-head flask,
fitted with an inlet tube from an HCl generator and an exit
tube leading through two CaClg-packed U-tubes to the
atmosphere. The flask, tubing, corks and U-tubes had all
been dried in an air oven at 120°. The gas was generated
by dropping cone. sulphuric acid into cone. hydrochloric
acid, and was dried by bubbling through two Drechsel bottles
containing cone. sulphuric acid. The exit tube was heavily
lagged with cotton wool and asbestos paper, and any water
produced by the reaction was collected in two bulbs on the
first calcium chloride tube.

The flask was immersed in a bath of paraffin oil and

heated to 150° for half an hour. HCIl-gas was then passed 1in
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at the rate of one huhhle per second (from 0*5 cm tubing).

A fter five minutes water was condensing in the exit tube, and
later in the bulb-trap, and soon began to carry with it a
volatile product. The temperature was therefore lowered to
120° after 15 minutes, and maintained for a further 50 mins
The 1IGl was then replaced by a current of nitrogen and the
flask allowed to cool.

A fter several hours the flask was disconnected and 50 cc.

of light petroleum, b.p. 60-80°, (dried by refluxing over
calcium chloride) were poured onto the product.The solution
was transferred to a dry dish and left to evaporate overnight
in a desiccator. A semi-crystalline residue was obtained,

which was washed with a little alcohol and then crystallised

from light petroleum b.p. 40-60°. Colourless prisms
m.p. 97-98°.
Analysis.
Found : - G, 92*1(5); H, T7*87"
G 8%8 1"Gq. ires C, 92%22; H, 7*7476.

(12) Action of dry HGIl-gas on the alcohol-ketone.
The method was as in the previous experiment.
The reaction was started at 170° and completed at 120°.
The product was extracted with light petroleum (b.p.60-80°)
but as no crystals could be obtained from this solution the

solvent was evaporated, the residue taken up in absolute
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alcohol and precipitated with cone. HGI.

Colourless needles separated, which were shown to contain
chlorine and melted at 65-66°. Further crystallisation
from the same solvent did not change the m.p. although

analysis showed that the substance was not a definite

compound.

Analysis.
Wt. of substance taken = 0*1266 g.
Wt. of AgCl =0*0210 g.
Whence 01 = 4*11.

CiY*OCI requires 13*176 01.
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3. w:w' -Tetraphenyl-2:2'-ditolyl Derivatives.

(1) Preparation of ( o ) e
ax

The method used was that of Tschitschihahin and

Ssergejeff. (Ber., 1926, 5£, 654).

(2) Action of phosphorus trihromide on the glycol.
Preparation of C &J( ) e

5 g. of the glycol was added to 15 g. of
phosphorus trihromide under reflux, and the mixture heated
gently on the water hath until all had dissolved (10 mins.)
The solution was poured carefully onto ice, the white
granular precipitate filtered off, washed with ice-water
and immediately dried in vacuo.

(If the reaction mixture was poured quickly onto ice,
vigorous hydrolysis occurred and the glycol was formed.)
This crude product was highly hygroscopic. It was shown
to contain bromine, and melted at 105° with apparent
evolution of HBr. It could not be obtained in a purer
condition, all attempts to crystallise it yielded the

glycol.
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(3) Action of dimethylaniline in benzene solution.
A small portion of the crude product in benzene
solution was boiled under reflux with a few drops of
dimethylaniline. Oncooling, no crystals separated and the

bromine compound was unchanged.

(4) Effect of dry HCIl-gas on the glycol.
A current of dry HCI gas was passed over E g. of
the glycol"in a flask heated in a paraffin bath. The

temperature was raised to 200°, but no change occurred.

(5) Preparation of the glycol anhydride, ( A )
0
The method of Tschitschibabin and Ssergejeff was

used (Ber., 1926, 59, 654).

(6) Action of piperidine on the anhydride.

2*5 g. of anhydride and 2 cc. of pure,anhydrous
piperidine were heated in a sealed tube on the water bath
for 6 hours, and then in a paraffin bath at 120° for a
further 2 hours. The product was digested and well washed
with alcohol and then left to stand for three days in a
vacuum desiccator. It then weighed 2*3 g. and had m.p.290"
and was recognised as unchanged anhydride. The alcohol

washings were evaporated and left no residue.



91.

(V) Action of aniline on the anhydride.

5 cc. of pure, redistilled, aniline were boiled
under reflux with 0*5 g. of anhydride for 5 hours. The
solution darkened considerably. Steam was then passed
through until all the aniline had been removed (1 hour)
and the residue extracted with ether. Removal of the
solvent gave 0*2 g. of a dark red-brown residue. This
was carefully washed with a little acetone and 0*15 g.

of anhydride were recovered.

(8) Action of dry HGI gas on anhydride.
0*5 g. of anhydride were dissolved in 10 cc. of
glacial acetic acid at 100° and dry ECIl gas was passed
in for 2 hours. No change occurred. 0*4 g. of

anhydride were recovered.
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EXPERIMENTS ON 6-BROMOPIPERONAL.

Preparation of O6-bromopiperonal.

50 g. of piperonal were dissolved in 100 cc. of
hot carbon tetrachloride. One crystal of iodine was
added, and then, slowly, a solution of 20 cc. of bromine
in 50 cc. of tetrachloride. Towards the end of the
addition the mixture began to boil and was kept boiling
for 2-| hours. It was then cooled and left standing
overnight, when crystals of bromopiperonal separated.
These were filtered off, washed first with carbon
tetrachloride, pressed well and then washed with a little
alcohol. Crystallisation from alcohol gave colourless
needles. m.p. 128-129°.

Yield-27 g. 407L

Action of copper bronze on 6-bromopiperonal.

50 g. of 6-bromopiperonal were heated with 10 g. of
Judex copper bronze in an atmosphere of COg in a boiling
tube in a metal bath. The delivery tube from the Eipp's
apparatus served conveniently as a stirrer. No reaction

occurred below 235" If the mixture was extracted at
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this temperature bromopiperonal was recovered unchanged.

At 240° a vigorous reaction set in, the temperature rose
rapidly to 280° with boiling and blackening of the whole
mass (b.p. of 6-bromopiperonal is 320°).

The mixture was extracted with monochlorbenzene and the
solvent removed. A dark-brown glue-like mass remained.

On extracting this with sodium bisulphite and basifying

a precipitate of piperonal only appeared (m.p. 37°), no
trace of a dialdehyde could be detected. It was concluded
that some type of auto-reduction had occurred, the blackening

probably being due to formation of cupric oxide.

Action of acetic anhydride on 6-bromopiperonal.

(1) 23 g. (1 mol) of 6-bromopiperonal were heated
under reflu:? with 10 g. (1 mole) of acetic anhydride and
2 cc. of glacial acetic acid for three hours. The presence
of a few grams of copper sulphate as catalyst was found to
improve the yield. The product was poured into water,
the precipitate well washed, dried, and crystallised from
alcohol or benzene.

m.p. 99-100°.
At 185° apparent boiling occurs with aecomposition into
acetic acid and 6-bromopiperonal (which sublimes read.ily) .

Yield 33 gms. 100),
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Analysis.

Wt. of substance 0-2162 g. Wt. of AgBr 0-1382 g.
whence, J6 Br = 27-2

Diacetate , requires 23*97- Br

Mono-acetic solvate, OgSgOgBr.OgE”"Og requires 27-676 Br.

(2) Zinc chloride and (3) cone. sulphuric acid were
tried as condensing agents, but both caused considerable
charring, the solution turned dark and remained clear

when poured into water.

Action of copper bronze on 6-bromopiperonal acetate.

20 g. of bromopiperonal.l CEgCOgS were heated in a
boiling tube with 5 g. of copper bronze. At 120°
apparent boiling occurred, acetic acid vapour was evolved
converting the copper into acetate, and a greenish-white
deposit appeared. The product was extracted with
chlorbenzene and the solvent removed. Only a small

quantity of greyish-coloured powder of high m.p. remained.

Preparation of 6-bromopiperonylideneaniline.

46 g. (1 mole) of bromopiperonal were dissolved in
300 cc. of absolute alcohol under reflux and 18 g. (1 mole)
of pure redistilled aniline added, and the mixture boiled
for 20 mins. The product separated on cooling, was

filtered off, and crystallised from much alcohol in
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colourless needles, m.p. 128-129°.

Yield 60 g. 100)6.

Analysis.
Wt. of substance 0*3468 g. Wt. of AgBr 0*2147 g.
whence, fo Br = 26%*2

G14E1002 BrNrequires 26*376 Br.

Preparation of di-(s6-bromopiperonylidene) benzidine.

2*3 g. (2 moles) of bromopiperonal were dissolved in
70 cc. of boilingabsolute alcohol, 1*8 g. (1 mole) of
benzidine added,and the mixture boiled for 5 mins. A
yellow product separated, was filtered off and crystallised
from nitrobenzene in yellow plates.

Yield 3*5 g. 947c.

Analysis. -«
Wt. of substance 0*3937 g. Wt. of AgBr 0*2441 g.
whence, % Br = 26*2

N23%8M4NN21M2 requires 26*476 Br.

Action of copper bronze on e-bromopiperonylideneaniline.
30 g. of bromopiperonylideneaniline were heated with

10 g. of copper bronze. No change occurred below 190°.

At 200° the temperature rose suddenly to 215° the mass

blackened and became very viscous. The temperature was
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kept at 215° for a further 20 minutes, and then the product
was extracted with chlorohenzene, the solvent distilled off
and the residue distilled in vacuum. The first fraction
was collected at ~"*/i8m.m probably catechol
methylene ether, b.p. 170°.

The main fraction was collected at 1400/—1/(\)m.m as a thick
yellow o1l smelling strongly of carbylamine. On standing
on a porous plate yellow needles separated, m.p. 627,

identified as piperonylideneaniline. (m.p. 65°).
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B. 9-immSRED-SBIRQ-RB G COICPOUEBS .

Synthesis of w;w”-dibromo-2:2"-diacetvldiT>henvl.

9: 10-dimethyl-dihydroxy-phenanthrene was prepared from
phenanthraquinone (Beil. VII, 797) hy the method given hy
Zincke & Tropp (Annalen 1908, 562. 248), and oxidised to
2:2*-diacetyldiphenyl (Zlncke & Tropp, Annalen 1908, 565.505)%*
The final product, after crystallisation from alcohol, had
melting point 94-95*. (Zincke & Tropp gave melting point 847.)
The his-phenylhydrazone of diacetyldiphenyl was prepared from
10 g. of diacetyldiphenyl (1 mol) dissolved in 50 g. of
glacial acetic acid and 15 g. (5 mois) of phenylhydrazine at
50-70°1 The hishydrazone separated in quantitative yield
and after crystallisation from "benzene / petroleum ether
(h.p. 60-80") had melting point 178" (Zincke & Tropp gave

melting point 178".

Bromination of 2:2”-diacetyldiphenyl.
(a) 8"01 g. of bromine were dissolved in 20 cc. of glacial
acetic acid and 15’98 cc. of this solution (equivalent to

6.4 g. of bromine) were slowly added to 4.76 g. of
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ai&cetyldiphenyl in 20 cc. of glacial acetic acid at 40°.
The mixture was warmed and décolonisation hegan at 50-55°.
A fter standing at 60-70° for 15 minutes the solution was
cooled and crystals separated. These were filtered off
and recrystallised from absolute methyl alcohol and then
from petroleum ether (b.p.80-100°). From both solvents
the product crystallised in colourless hair-like needles,
m.p. 134-135°.

Yield 3 g. 405c.

6 g. of this bromination product were extracted for 6 hours
with petroleum ether (b.p. 40-60°) in a Sohxlet apparatus.
At the end, no difference in melting point could be detected
between the undissolved residue and the crystals which

separated from the solution.

(by 4.76 g. of diacetyldiphenyl were treated with 5.7 g. of
bromine {90jo theoretical), with 5 g. of anhydrous sodium
acetate. Decolorisation occurred after 10 minutes at
ordinary temperature, after standing the same product

separated as before.

Analysis.

(1) Substance 0'1557 g. AgBr. 0*1710 g.
whence, 3 Br * 47

Dibromination, requires 40 *55" Br.

Tribromination, G*"*""qOgBrg, requires 50*5°">Br.



(2) Found :- G 42-85:.
2-&fo

requires C 48-450
H 3-05=

requires C 40 -3%
H  2-357

Chlorination of diacetyldiphenyl.

4.76 g, of diacetyldiphenyl in 20 g. of glacial
acetic acid at 50° were treated with 2*84 g. of chlorine.
On cooling and diluting with water successive crops of
hair-like needles mixed, with clusters of prisms were
obtained. m.p. 40°. On recrystallising from alcohol
the product had m.p. 57". Recrystallisation from absolute
methyl alcohol gave a product of m.p. 78°, while
recrystallisation from petroleum ether (b.p. 60-80°) gave
product of m.p. 62°. All these substances crystallised in

the form of hair-like needles and all contained chlorine.



100

IT. 5-2TE0%Y 2 (2' -BISPnvIETHYLAiImiQ-4" -ETHQXY-PHEBYL)

-PHMYLTRBCSTHYXALiilOBIUN ICI)IDE.

l. SYNTHESIS.

(1) S5-nltro-4-iodo-plienectole.

was prepared by the method
given in the literature (Reverdin, Ber., 1896, 27, 2597,
Bull, Soc.chim. 1897, (3), 17, 117), from 3-nitro-4-amino-
phenetole which was obtained by the hydrolysis of
3-nitro-4-acetamino-phenetole (nitrophenacetin) with
concentrated hydrochloric acid. The crude iodo compound
was washed with strong caustic soda solution and hot water,
and after drying was distilled in vacuum, boiling point
198-199° at 20 mm.
Crystallisation from petroleum ether (b.p. 60-80°) gave fine
yellow needles m.p. 62-62".

Yield 72)u.

'"(2) Preparation of 4:4' dlAthoxy-2:2'-dinitrodipheny]l.
60 g. of 3-nitro-4-iodo-phenetole were heated to

170° in a boiling tube in a metal bath at 180-185°. Small

amounts of pure copper bronze (Judex) were sprayed in from
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time to time and the mixture kept well stirred. Heat of
reaction quickly sent temperature to 190° and the addition
of copper was regulated to keep the temperature below 205°
(charring occurs at 230°). When 45 g. of copper bronze

had been added and the temperature had fallen back to 170°,
the dinitrodiphenyl was extracted with 250 cc. of
chlorobenzene at the boiling point. The solution was
filtered free from copper and cuprous iodide, twothirds of
the solvent distilled off andthe residue left to cool,
large, pale yellow rhombohedra separated, were collected and
washed with a little chlorobenzene.

The chlorobenzene mother liquor was left to evaporate
spontaneously and deposited two more crops of equally pure
crystals. After recrystallising from alcohol yellow needles
were obtained, m.p. 129-130°.

Yield 28 g. (80yL) .

(3) Preparation of 4:4”-diethoxy-2:2'-diaminodiuhenyl.
50 g. of 4:4°-diethoxy-2:2*-dinitrodiphenyl were
added to a hot paste of 80 g. of iron filings and water with
5 drops of glacial acetic acid. The mixture wasstirred on
the water bath and kept as hot as possible until reaction had
ceased (80 minutes, the reaction slackened after 30 minutes
and then started again). The base was extracted with 500 cc.

of boiling alcohol, the solution filtered from iron, and two
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thirds of the solvent removed hy distillation, and the residue
left to crystallise. Small prisms separated, and were
recrystallised (1) from petroleum ether {h.p. 80-100°) .

(2) from acetone/petroleum ether (h.p. 40-60°)

(3) from absolute alcohol.

A fter crystallisation again from absolute alcohol, colourless

needles, m.p. 110-111° were obtained.

(4) Preparation of 4:4°-cLiethoxy-2:2"-bisdimetliylamino

diphenyl.

30 g. of 4:4°-diethoxy-2:2"-diaminodiphenyl in a
Pyrex conical flask were just covered with water. 106 cc.
of methyl sulphate were added in three lots, the mixture
being shaken and warmed on the water bath for 5 minutes and
then treated with caustic soda {20yc) solution till alkaline
after each addition. The mixture was left on the water bath
for 1 hour, then cooled under the tap and the solid
tetramethyl base filtered off, washed freely with
concentrated ammonia and then with water. Crystallisation

from absolute alcohol gave colourless plates m.p. 86-87°.

Yield 30 g. (85fc)

(5) Preparation of 5-ethoxy-2-(2’-dimethylaminp-4’-ethoxy,
phenyl) phenyltrimethylammonium iodide.
(g0 10 g. of a:a’-diethoxy-2:2’-bisdimethylamino-

diphenyl (1 mol) were heated under reflux in saturated absolute
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methyl-alcoholic solution with 8 g. (2 mois) methyl

iodide for 2 hours. On cooling, crystals separated, which
consisted chiefly of the tetramethyl hase (m.p. 66°).
Evaporation of the mother liquor gave product of m.p. 160°,
It was concluded that méthylation had been incomplete.

(by 20 g. of base were heated on the water bath
under reflux for 1 hour with sufficient methyl iodide to
cover. The methiodide separated as small prisms which were
filtered from the cooled solution and washed with absolute
methyl alcohol and dry ether.

Recrystallisation from water (3 times) gave colourless
needles, m.p. 168-169°.
With the hath initially at 170°, the m.p. was 172-173°.

(c) .= g. of hase was left to stand with 1 cc. of
methyl iodide in the dark for 24 hours. Colourless
crystals of methiodide separated, identical with those

obtained in (b).
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2. EKPERII4SRT3 OH THE OPTICAL PROPERTIES.

e Preparation of 5-Ethoxv-2-(2’-dimethyl8jnino-4»-
ethoyyphenyl) phenyltrimethylammoniumcamphorsulphonate
11.7 g. of dl-5-ethoxy-2-(2’-dimethvlamino-

4’ -ethoxy phenyl) phenyltrimethylammonium iodide and the
equivalent (8.5 g) freshly-made silver d-camphor
10-sulphonate was boiled under reflux with 150 cc. of
absolute alcohol and 20 cc. of v/ater for 30 minutes. The
solution was filtered from Agi and evaporated, the residue
being freed from water by repeated evaporation with small
quantities of absolute alcohol. 13 g. of partial racemate
were obtained, deliquescent granules i95fo) .

These were found to be very soluble in benzene, xylene,
and ethyl acetate, and sparingly soluble in light petroleum
(b.p. 60-80°). In carbon tetrachloride they showed
selective solubility, part dissolving readily and the residue
remaining almost insoluble. This w'as chosen as the solvent
for the first set of experiments, and benzene for the second

set.

2. Fractional crystallisation of the camphoraulphonate
from carbon tetrachloride (See Table p.109).
46.0 g. of partial racemate were treated with

600 cc. of dry, boiling carbon tetrachloride and the
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resulting suspension filtered. On cooling in dry air, the

filtrate gave 23-3 g. of material (4) having +15-1°
+17-8°, ( +0-58°, J.Z, -+0.69°; 0, 1-9230;

1, 2) in 99/j EtoH. This crop was recrystallised twice,

once from a saturated solution, 23-3 g. of in 250 cc. of

solvent gave 13-0 g. of Ag, and once from a very dilute

solution, 13'0 g. of Ag in 500 cc. of solvent gave 2*0 g,

of A3z. The specific rotation remained unchanged, Ag having
14*9°, -+ 17*%7°, and A3 having 15*%1°,
+ 17-9°, ( -0 -61°, fo.729

C, 2-0100; 1, 2).

The residue R] which remained insoluble at the initial

treatment weighed 21-6g. and had -'m15-20,
M Z, 4-17-9°, (  o0idl 40-67°, +0-79°; 0, 2-2000;
1, 2).

On recrystallisation, each time necessarily from a large
volume of solvent, this gave 18-0 g. of material Rg having
v 415-2°, /U3j113; 4-18°0°. Rg was recrystallised
and gave a crop Rg (12"0 g) having 4-15-2°,
WZzJ, 417-9° ( <1, 0-67, AATAN0-T79°;
0, 2-2020; 1, 2).
The mother liquors were fractionally evaporated and the

rotations of the various crops were measured. The values

of M Z. all between 4-15-2° and 4-14-7°, with an

T.0’

experimental error of - 0.4°. The values of
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lay between +17*9° and 't17*5%. This corresponds to

differences'in the observed angles of 40.08° and ~ 0-11°.

0. Fractional .Crystallisation of the Camnhorsulnhonate
from Benzene . (see Table p.110).
300 g. of partial racemate was dissolved in
75 cc. of hot dry benzene. On cooling in dry air, 25.0 g.
of material (A%) separated; having +16*6°,
sl +19*%7° ( a3+ 0*64", c/sSAn +0*76°;
C, 1*9280; 1Ii, 2) in 9o EtoH. On recrystallisation, this
gave successive crops Ag (19*0g), Ag (17*0g) and A" (6.0 g)
having W/Cti +17*37, +17*7°, and +17-9° respectively.
The original mother liquor was evaporated and gave first
3*5 g (B]) having W +17*5° and then 1*5 g (C%)
having M Xi + 16-3°, J/UIXL-tl9.1° ( v 0-70°,
+0*84; C, 2*1480; 1, 2). The latter was the
smallest (positive) value obtained for the specific

rotation of any crop, some fourteen crops having been

examined in all. The largest Value was +19*0
~"22.8 ( dA" +0*820, +0%98°;

C, 2.1500; 1, 2) for the crop (3.0 g) obtained from the

mother liquor of Ag. On recrystallising c(q no material of

higher rotatory power could be segregated, either from the
crops or from their mother liquors. The difference between
the sp. rotations +16*3° and +19*0° corresponds to a

difference of +0.12° between the observed angles.
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4. Preparation of the ”“-bromocamphorsulplionate .

The silver salt of oc -hromocamphor- " -sulphonic
acid was prepared from the acid hy the method of Pope & Read
(J. 1910, 97, 2200) the acid itself being obtained flo m the
ammonium salt by the method of Pope & Peachey (Trans.1898,
73, 893).

12*6 g. of 5-ethoxy-2-(2°-dimethylamino-4’-ethoxy-
phenyl) phenyl trimethylammonium iodide were dissolved under
reflux in 75 cc. of absolute alcohol, and treated with a
solution of 11*2 g. (1 equiv) of silver d- a«-bromocamphor
sulphonate in a mixture of 80 cc. of absolute alcohol and
20 cc. of water. A fter boiling for 30 minutes the solution
was filtered free from silver i1odide and then evaporated to
dryness. 15 g. of racemate were obtained (100%) as
deliquescent granules. These were very soluble in water,
alcohol and acetone, moderately soluble in benzene
(precipitated) by light petroleum (b.p. 60-80°) and in

carbon tetrachloride.

Fractional crystallisation of the ” -bromocamphorsulphonate
from benzene.

15 g. of partial racemate were dissolved in 70 cc. of

dry benzene. First, 8 g. (Aq) separated, having +50.5°
and then 6 g. (Bq) separated, having A, +47%8°.
On recrystallisation, Aq gave 5 g. (Ag) having oi + 47.8

+56.9°  ( J +2.007, N +2.38

b
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G, 2*0905; 1, 2). The mother liquor evaporated gave

Eg. (Xq) having + 51*3°, U] Xo. +61%*3°

( Sov +2-06°, d-Z'. +2-46°; C, 2*060; 1, 2).
Recrystallisation did not seem to effect further separation,
the rotations of the crops remained constant. The greatest
difference found between the specific rotations of any

two crops was +52*0"— +47*6~ (+4*2°) and corresponds

to a difference of +0 *06° between the observed angles.
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The Effect of Fractional crystallisation on the Specific

Rotation of d.dl-Oamphorsulphonate.

(1) Carbon tetrachloride solution.

d.(3l1-camphorsulPhonate . 46 g

Solution Residue E-i21-6g
(+15-20)
M.1. M.I.
'A% crop. B-iCrop.l g R,, crop.18 g ST crop.2 g
23*1 g. (:13-3°) "AM+15-3°) 1+15-2°)
(415-1°)
[ 400 0.0. M.1.
Apcrop.13 g Rz crop.13 g. Spcrop 3.g
P14-7°) (+15-2%) (:15-2°)
430 c.c.
Aaorop 2.g

1+15-2°)



(2) Benzene solution.
d.dl-camphorsulphonate, 30 g.
75 c.c.benzene
Aqcrop.25¢g.
(+16*6°)
M.I.
Apcrop.19 g. A M.I1.
(+17-2°)
(+'11?76°) Znorop.lg.
(t-15 *6°)
if.
A%orop.17g X2g. Zp-0-2g.
(+17-70) (+17-10) (+16-90)
M.I. 1 M.I.
Aa eg. Bi-lg'"t "of-l g. 25.lg

(+17-50) (+17-9°)  (+17-0°) (+18-20)

110

M.L.
M.I.
B crop 3g. 1
(+17-5°)' C,crop
1 g.
. (—16g—30)
BpCrop.1 *5g.
(+17%20)
M.I
Zg-0-5g.
(118 7O
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The averaging of consecutive readings in the calculation

of k allows a possible error of only 0*0002, and this
corresponds to an error in the value of A of 2,500 cals.

The difference between the values obtained for the two
temperature ranges is therefore just within the experimental

error, and the values may be given as:-

A, for the d-iodide, 11,700 cals. 1 1,250.

A, for thedd-camphorsulphonate, 18,800 cals. - 1,250.



Rq.

d(— "
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MT

ni.
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excess hydroxide and then evaporated to dryness. The

residue crystallised from water in glistening plates, which

were identified as the octahydrate . Yield 13 g. 997\
fAnalysis.
Substance 0-5054 g. AgBr 0*2329 ¢.
whence »~ Ag = 26-2

CgHgSOgAg. 8 HgO requires 26*3"L

Preparation of d-benzene sulphonate.

4.8 g. of d-iodide were dissolved in 10 cc. of cold
absolute alcohol, and added to acold solution of 5-1 g.
of silver benzenesulphonate in a mixture of 5 cc. of absolute
alcohol and 5 cc. of water. The precipitated silveriodide
was filtered off and the solution evaporated at 20° in vacuo.
Crystals of the d-benzenesulphonate separated out. These

were kept in vacuo until their weight was constant.

Analysis.

Substance 0-3970 g. Vol. of Eg 22-7 c.c.

(dried at 120°) .
temp. 20 , pressure 767 m.m.

whence /o H = 6-7

r23%8727~"3 i*equires N.
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2. IDJSASUREm"T OF THE HATES OF RACEMISATIOH OF THE SALT 3

A d-OqoHqg".0.S03, ~Q675"""3 -1
IE VARIOUS SOLVBHTS AT THREE TEMPERATURES.

The salts were prepared as above and dried in vacuo
at 20°, until constant in weight.
Solutions were made in pure solvents, and were necessarily
dilute owing to the fact that the 1-forms are in each less
soluble, and the final readings are complicated by separation
of solid material from more concentrated solutions.
A small volume (20 c.c) of solution was used in order to
reduce error due to loss by evaporation, technique, and any
difference between heating and cooling interval to a
minimum. This error was estimated by a control experiment
in which 20 c.c of the original solution were heated in a
sealed tube at 100° for fifteen hours, and the second
reading did not differ from the final experimental reading
by more than 0-02°. Heating was carried out in a sealed
tube (the temperatures recorded have not been corrected for
pressure) in a thermostat regulated to within ox1
The polarimeter readings have a possible error of t0.01°,

and were taken in a 1 dem. tube at 25° , the mercury yellow
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line being used for the calculation of k. It was found in
some cases that racémisation was slow and the change of
rotation over a given period was within the experimental
error (0*01°). Several sets of readings were then taken

over widely different periods and the results recorded are

average values.

All the readings have been duplicated.



SOLVENT EFFET
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The Effect of Temperature on the Rates of Racémisation

of the d-lodide and the<Jd-camphorstilphonate .

Measurements have teen taken in aqueous solution
(of uniform concentration) at three temperatures, 85° 90° and
95°, and values have teen calculated for the energy of
activation A from the Arrhenius Equation:-
A = (log Kg-log RTATg

0.4343 (Tg - )

For the d-iodide(D etails on pages 127,128 & graph on p.119)

Temp : k A
85 0 -00093
90 0'O0llg 12,(9)00 cals.)
mean
95 0.00145 10,(4)00 cals.) 11,(7)00 cals.

.-camphorsulphonate :-
(details on pages 121,125,126 & graph on p,.119)

Temp : k A
85 0.000s¢5
90 0.00095 20,(5)00 oals.)

mean
95 0.00133 17,(1)00 cals.) 18,(8)00 cals.
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Polarimeter zero reading

k 1is

i

(a)
1

Tiwve

lev Iml*xS.

50

90
150
200
280
270
00

In various

In water.

ol v

0*04

0 '00
259%97
259-92
25990
259-86
259-82
259-65

TABLES.

solvents,

0-12
0*07
0*04

259*98

259-95

259-91

259-85

259-66

= 259 «54" »

calculated for the yellow line,

at 90°.

c » 0*2624 x 2.

A orill

0
+ 0-50

0-46°
0-43°
0-39°

0
0-26

Racémisation of * camphorsulphonate

+ 0-58
0-53
0 -50
0 -44
0-41
0-37
0-31

0-12

Th "1 %

0-00094
0 -0009g
0-00097
0-0009g
0-00095

0 -00l0g

121.

0-0009
6

Saif-value period = 210 mins
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1iVe.

35

70
120
180
240
350
560
860
(1055
%1230

In Alcohol.

A0l

0-93
0-86
0%*80
0-73
0-64
0-57
0 -45
0-29
0-16
0-07
0-07

1-17
1-07
0-97
0-88
0-76
0-69
0-58
0-41
0-28
0-18
0-18

0-2372 X 5.
sill il
t 1-39 +1-63
1-32 1-53
1-26 1-43
1-19 1-34
1-10 1-22
1-03 1-15
0-91 1-04
0-75 0 -87
0-62 0-74
0-53 0-64
0-53 0-64

0-0010g
0-0009¢
0-0010g
0-0010g
0-0009g
0-0012g

122.

0-0010

Half-value period = 300 mins.
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3. In Acetone, ¢ =0'2662 %S5.

) . "Re-dol
0 1-19 1-46  +1-65  +1-92
40 1-03 1-25 1.49 1.71  0.0018g
90 0.86 1-05 1-32 1.51  0.0019g
130 0.75 0-90 1-21 1-36  0.0019g
220 0.56 0-67 1.02 1,13 0 .00200
320 0-43 0-56 0'89 102 0-0018g 0-00194
580 0-25 0-39 0'71 0'85  0-0023
870 0'20 0'66
1050 0'19 0-65
1130 0-19 0'65

Half-value period = 155mine
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4. In Acetonitrile. ¢ = 0*2590 x 5.

nil K.

0 1-13 1-37 +1-59 +1-83
50 0-93 1-15 1-39 1-61 0-00210

120 0-78 0-90 1-18 1-36 0-0022q)
) 0-0021=
190 0*58 0-74 1-04 1-20 0-0020g) °

300 0-44 0-68 0-90 1-14 0-0020g)
) 0-0021,
410 0-35 0 -50 0-81 0-96 0-0022q)

0-0021 4
600 0-27 0-40 0-73 0 -86 0-0024
770 0-24 0-36 0-70 0 -82
1050 0-23 0-35 0-69 0-81
1350 0-23 0-35 0-69 0-81
Half-evalue period = 140 mins.
5. In Chloroform.
0 1-11 1-57 +1-36 +1-82
40 0-80 1-26 1-03 1-49
90 0-64 1-10 0-82 1-28 0-003

300 0 -22 0-68 0-40 0-86

Half-value period = 100 mine
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(t) At various températures, 1n water
1. At 85 = 2634 x 2.

me.  Pookl

: 5511 shil k.
~Tth A s'Ui

0 0-04 0*12 +0-50 +0 .58

30 0-03 0-10 0 -49 0-56 0-000Yg
120 359%98 0-06 0 .44 0-52 0-0006i
130 359-95 9-02 0-41 0 -48 0'0006¢g
245 359-92 359-98 0-38 0-44 0-0006] 0.00065
325 359-89 359-95 0-35 0-41 0-00064
445 359-85 359-90 0*%31 0-36 0.00064
625 359-80 359-85 0-26 0-31 0.00069

Half-value period » 460 mins



126.

2. At 950 0 =0-2624 x 2.

Fetve . 101ar iwehev  Aead<KCI .
A rim A suar
0 0-04 0-12 + 0°50 +0-58
35 0-00 0'07 0-46 0-53 0-0013g
85 359-95 0-01  0-41  0-47 0-00134
135 359-91 359-96  0-37  0-42 0-00125
175 359-88 359-92  0-34 0 -38 0-00139 0-0013g
235 359-84 359-87  0-30  0-33 0-0013g
00 359-65 359-66 0-11  0-12

Half-value period = 230 mina

3. At 90°.  k = 0-00090

see p.l121.

Half-value period = 310 mins.
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1ii.* Hacemisation of d~iodide, in water at various temperatures

1: At s850. o = 2070 X 2.

Tirvie. 21 g )
Amu Com U-, mH 1 k.

0 359-93 359-98 +0-39 +0-44

35 359-90 359-95 0-36 0-41 0-00095

75 359-87 359-91 0-33 0-37 0-00094
135 359-83 359-87 0-29 0-33 0-00092 0-0009¢g
185 359-80 359-83 0-26 0-29 0-0009¢g
265 359-76 359-79 0-22 0-25 0-0009"
335 359-73 359-75 0-19 0-21 0-0009"
385 359-71 359-73 0-17 0-19 040009y

Half-value period - 320 mins
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2. At 90°. ¢ =0-2070 X ..

20l OViwve ey eod S K
s T, A Skl
0 359-93 359-98 +0-39 +0-44
50 359-88 359-93 0-34 0-39 0 -0ty
85 359-85 359-89 0-31 0-35 0 c0012y
135 359-81 359-84 0-27 0-30 00012 0.0011g
175 359-78 359-80 0-24 0-27 I ERR
225 359-75 359-76 0-21 0202 000120
305 359-71 359-72 0-17 0-18

Half-value period - :s¢ mins.

3. At 95°. c = 0-2070 X 2.

: 359-93 359-98  +0-39 +0-44
30 359-88 359-94 0-34  0-42)
50 359 -87 359 -93 0-33 0-399 0-001l4g
70 359-85 359 -91 0-31  0-37 0.0014g
Do 359-81 359-85 027 0-31 0-00145  0*00145
230 359-72 359-76 0-18  o-2: 0-00140
330 359-67 359 -71 0-13  0-17  0.0014]_
380 359-65 359-68 w11 0-14 0-0014g
410 359-64 359.67 voi0 o 0.13 0.0013¢

Half-value ueriocL - 310 mins
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I11. Racémisation of d-lenzenesulplionate in water

At 90°.

c » 0-2239 X 2.

Dosiwehey  ReIKCS. N o b.
A A
0 359-87 359-92  +0-33 +0-38
50 359-82 359-86 0-28  0-32 0.00142
85 359-79 359-82 0-25  0-28 0-0014Q
150 359-74 359-76 0-20 0-22 0-0014g
200 359-71 359-73 0-17  0-19 0-00144 0-00142
260 359-63 359-69 0-14  0-15 0-0014Q
320 359-66 359-67 0-12  0-13 0-0014g

Half-value period = 210 mins



Ill. Racémisation of d-benzenesul'plionate

At 90°.

c » 0 *2239 X 2.

o crbwel'lev
A A ni.61
0 359-87 359%92
50 359-82 359-86
85 359-79 359-82
150 359-74 359-76
200 359-71 359-73
260 359-63 359-69
320 359-66 359-67

0- 33

0-28

0-25

0-20

0-17

0-14

0-12

N st il

+ 0- 38

0-32

0-28

0-22

0-15

0-13

in water

0.00142
0-00140
0-0014g
0-0014] _
0-0014g

0-0014g

129.

0-00142

Half-value period = 210 mins
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Two lines of investigation have "been followed: T on the
mechanical aspect and IT on the electrical aspect of
diphenyl dynamics.

T An attempt has heen made to synthesise a 2:2*-hetero-spiro-cyclo

derivative of diphenyl with a view to determining the

configuration adopted hy the spirocyclo chain. The preparation
of halides of the type ( ) has heen examined, as it
d &,
X X
seemed prohahle that they would undergo ring formation with
. g 3+
piperidine :-
A suitable halide could not he obtained. It was found in the
course of investigations that
(1) Compounds of the type do not react with

potassium iodide to give an iodo compound, complex
intermolecular compounds of high m.p. are formed.

(2) The tetramethyl tolylene glycol (~)-{ ) readily undergoes
100Jo dehydration in the presence of HBgI ]g{r dry HCI gas to
give the hydrocarbon

No replacement occurs.

(3) The hromo-derivative, ( )G—U( ) , 1is extremely labile;

with most common solvents it forms deliquescent solutions in
which hydrolysis proceeds.
(4) The bromination of 2:2'-diacetyl diphenyl does not proceed

smoothly in acetic acid or in chloroform solution.
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Replacement of the enol group seems to occur, higher
hromo-derivatives are formed.

(5) 6-hromopiperonal undergoes autoreduction in the presence
of copper bronze in an atmosphere of carbon dioxide, piperonal
being formed.

It was concluded that a great deal of preliminary work was
needed on the chemistry of 2:2'-substituants themselves, before
the synthesis of a spiro-cyclo compound could be completed.
5-Ethoxy-2-(2’-dimethylamino-4' -ethoxyphenyl) phenyltrimethyl-

ammonium iodide, j~" ), has been synthesised and its

optical resolution attempted. It was thought that a comparison

of some of its dynamic properties with those of its analogue
NV
«C )y ~ ) resolved by Shaw & Turner, might lead to some

interesting conclusions as to the influence of polarity on
optical stability. The d-camphorsulphonate and
d-bromocamphorsulphonate of the ethoxy derivative both showed
almost constant rotation.

The rates of racémisation of the d.d-camphorsulphonate of the

unsubstituted compound, « » ~have been determined in

various solvents, and have been compared with those of the
A-iodide in aqueous solution at three temperatures. Values for
the energy of activation of both molecules have been calculated
The d-benzenesulphonate has been prepared and its rate of
racémisation compared with that of the d-iodide and of the

d*-camphorsulphonate.



