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SUMMARY
===000==~

A mmber of compounds, which might be expected to be unstably
asymuetric, have been prepared with a view to the exemination of
their behaviour in asymmetric solvents,

5-Substituted derivetives of N-acetyl-N-alkyl-2-amino-4'-methyl-
diphenylsuiphone have been shown to undergo both first and second
order asymmetric transformations in ethyl d-tartrate solution, and
it has been possible to cdmpare the relative optical stabilities of
these compounds: , which could not have been resolved in any other way.
When the 5-substituent was lacking or was transferred to the 4
position no transformetions occurred. Asymmetric derivatives of
N-benzoyldiphenylamine have also been shown to undergo asymmetric
transformations in ethyl d-tartrate.

Potentially optically sctive cerbonyl compounds, which might have
been expected to undergo asymuetric trensformations via inactive
tautomers, have been exsmined. Except in one cese no evidence of
such a ccu@oxmd undergoing sn ssymmetric transformation in an
optically active solvent has been obtained,

The conditiond governing the potential asymmetry of derivatives
of cyclooctatetraene are discussed and attempts to synthesise such
derivatives described. Resolution of a compound owing its asymmetry
to the presence of a cyclooctatetraene ring has not been achieved.

4:5-Dimethylbenzcinnoline has been shown to exhibit stereoisomerism



of the 4:5-dimethylphenanthrene type, since its d-cemphorsulphonate
undergoes a first order tramsformation in ohloroform solution,
Dimethylbenzcinnoline itself hes not been showm to undergo an

asympetric transformation in sn asymmetric solvent.
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This research had as its primary object the investigation of the
possibility of asymmetric tiansfomations taking place in asymmetric
solvents.

It is, of course, known that two enantiomorphs cannot be separated
by any of the normal processes of separation such as crystallisatiom,
distillation or chromatographic adsorption. The question then arises,
what if the medium of separation, that is the solvent in a crystalliwation,
be itself asymmetric ? In this connection may be moted the resolutions
by edsorption on an asymmetric adsopbent which have been reported by
Rule (1), and the resolution of Troger's base by Prelog and Wieland
which forms a very successful application of this technique (2).

Several workers have investigated the possibility of separating
enantiomorphs by means of an agymmetric solwent, but without success.
Tolloczo pariitioned r-mandelic acid between ether and an aqueous solution
of fructose, and racemic acid between water and l-amyl alcohol. No
separation occurred in either cese (3). Goldschmidt and Cooper
found the solubilities of d and 1 carvoxime in d-limonene to be the
seme (4). Cooper also found the solubility curves of sodium ammonium
4 and 1 tartrates in dextpose solution to be the same. Schroer dissolved
r-mendelic acid in d-carvone and fractionally extracted with water.

The acid recovered in this way had a slight laevo rotation which,
passing through zero, gradually changed into a dextro rotation. A
similer effect in the opposite sense was observed when l-carvone wes
used(:) Turner and Harris, discussing the previous work in this field,

came to the conelusion that rgsolution by esymmetric solvent action



is unlikely (6).

Patterson and Buchenan (7) showed, by means of a series of density
measurements, that, while the molecular solution volumes of a pair of
enantiomorphs were identical, within the limits of experimental error,
when measured in a symmetricel solvent, in an asymmetric solvent they
differed by an amount outside the limits of possible error. This indicated
some difference in the behaviour of an asymmetric solvent towards each
of a peir of enantiomorphs and such a difference might extend to the
relative stabilities or solubilities of optically unstable enantidmorphs
in such a solvent. Though the eaﬂ.ier work referred to had indicated
that these solvent effects were so amall as to render impracticable
resolutions by asymmetric solvent action, the possibility remained
that optically actiave optically unstable compounds, such as are capable
of undergoimg asymmetric transformations under appropriate conditioms,
might undergo such transformations in asymmetric solvents.

The phenomenon of asymmetric transformation is observed with readily
racemisable campounds, when ready interconversion of the d and 1
forms may occur. If, say, an optically acﬂt;ve opticelly unstable
(recemic) acid is converted to its salt with a dextro rotatory optically
stable base, the two diastereoisomers are produced initially in equdl
amounts: d-base.d-acid and d-base.l-acid. These two compounds may not,
howéver, be equally stsble in the given solvent and then the less stable
form will undergo conversion to the more stable, the solttion will
mitarotate and an equilibriws mixture be produced containing an excess
of the d-acid sdlt or the l-acid salt as the case may be. Such a
conversion when teking place in one phase is known as a " First Order

Asyumetric Transformation ", (cf. Jamison and Turner, 8). Should the
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golution of the salt deposit crystdls then these may consain an excess
of one diastereoisomer, since the solubilities of the two may differ,
In this case where two pheses are involved the phenomenon is described
as a "Second Order Asymmetric Transformation”. Second order transformations
are distinguished from resolutions by the fa§t that interconversion
of the diastereoisomers takes place: an equilibrium exists in soldtionm,

d-bese.d-acid @ d-base.l-acid
removal of some of one compongnt ( by orystellisation) displaces the
equilibrium so that more of the less soluble isomer is produced.
Experimentally a second order transformation mey be characteiised by
the isolation of one pure diastereoisomer in more than 50 % yield, or
by isolation of successive crops of the salt all possessing the sane
rotation and yielding opticall;,{active acid on decomposition. Far
concluaé#e proof that a transformation has teken place removal of the
stably esymmetric compound is necessary, though,in the absence of #his,
other evidence such as mutarotation of the recrystallised salt in another
solvent may be considered.
These phemonena have been observed mainly with compounds owing
their asymmetry to restricted rotation, such as some ortho substituted
diphenyl derivatives, N-benzoyl diphenylaﬁines and other similar compounds.
They have also been obsewved in the cages of compounds where racemisation
occurs via an opticelly inactiwe tautomer,(cf. Jamison, 9. Harris and
furner, 10).
It was thought that such compounds might undergo such transformations

in asymmetric solvents.



To test this possibility numbers of optically active, easily
racemisable compounds, suitable for asymmetric transformations, were
required for examination, and as a secondary object of this research
attempts have been made to prepare compounds whose resolution, if
achieved, would be of interest in other branches of stereochemistry.

Four classes of compounds have heen investigated: compounds owing
their asymmetry to restricted rotation, compounds racemising by a
mechanism involving tautomeric change, derivetives of cyclooctatetraene,
and compounds of the 4:5-dimethylphenanthrene type.

The asymmetric solvent employed most generally wes ethyl d-tartrate
which, apart from its ready availability, possessed several advantages.
It is a most powerful solvent; a large variety of caompounds of most
diverse type dissolved in it, including the sodium salts of sulphonic
_acids, dwing to the fact that it is water soluble its removal from
s0lid materials after recrystallisation was a matter of extreme ease,
while water solublﬁlcanpmmds could be freed fram it by extraction with
ether.

Previously B. Douglas (11) had examined the behaviour of

osymmeivic
N-benzenesulphonyl-8-nitro-1-naphthylglycine (I) in variousAsolvents »

but did not observe any asymmetric transformations.

CGH;'S()\N/ CH"COOH
NO,

I
1
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COMPOUNDS EXHIBITING RESTRICTED ROTATION

Bengene derivatives.
Mills and Kelhem (12) resodved the sulphonic acid II via its brucine

salt and found that both the bricine and sodium salta of the optically

active acid racemised in solutionm. ¢ ”jC" N-CHy
SO0, i
3

CH,
IT

The asymmetry of the molecule is due to rest®icted rotation about
the bond joining the nitrogen atom to the benzene ring, owing to the
presence of the bulky ortho substituent.

The sodium salt of this acid was found to undergo a first order
transformetion in ethyl d-tartrate solution. No crystals separated
from the solution but the material °. Trecovered - py mrecipitation
with ether was found to be laevo rotatory: the rotatdon rose to zero
in aqueous solution. The rate of racemisatiom agreed well with that
recorded by Mills, the observed half life period was 150 minutes at
18°: Mills gives 175 minutes at 18°6°c and 70 minutes at 25°c. This
compound underwent a second order transformation in d-sec. butyl
slcohol, Almost all the material cryssallised from the alcohol and
was dextro rotatory. The observed rotations were much smaller than
those observed by Mills, the specific rotations were + 0°3° (from
d~sec. butyl alcohol) and - 0°4° (from ethyl 3-tartrate). Mills
measured rotations of about 6°.

The results obtained with sec. octyl alcohol were gnomalous.

Material recrystallised from l-sec. octyl alcohol was slightly laevo



rotatory, that recrystallised from the d-alcohol was optically inactive.
It is possible that the rotation of the sample crystallised from the
1- alcohol was due to chance preferential inoculation of the solution,

though the experimental conditions rendered this unlikely.

Y'Nc o - CH
' Xy $0. CiHy
1]
X

The related sulphone (III where X=Y=CHy ) was examined more extensively.
It was preseared by a Witt rearrangement of N-p=toluenesulphonyl-N-methyl-
p-toluidine (18), followed by acetylstion of the sminosulphone produced.
When recrystallised from ethyl g—tartrgte the crystallisate was dextro
rotatory, while the material reﬁzaining'}:he mother liquors, which
could be precipitated by addition of water, was laevo rotatory; the
specific rotations were of hhe order of one degree in each case. Both
samples mutarotated in chloroform solution at room temperature, the
helf-life period being 19 minutes. When a sufficiently dilute sclution
of the sulphone in ethyl tartrate was allowed to stand at room
temperature for a f'+ours so that no crystallisation occurred, the
material in solution was found to be laevo rotatory. As this was the
whole smount of the originally optically inactive sulphone a first
order transformation must have occurred, while the activity of the
materiasl obtgined by crystalli.sation was almost certeinly due to a
second order tremsformation. It is of interest to note that this
compound obeys the Van't Hoff Dimroth relationship, which states that

the less soluble form of the compound should also be the less stable,



In this case the less soluble is the dextro, present in excess
in the orystgllisate, while the more stable is the laevo, present in
excess in solétion.
With increesse in temperature of the ethyl tartrate the activetion
effect decreases and is almost negligible at 84°c. This temperature
effect was observed to apply to both first end second order trensformetions.

BEffect of temperature chenge on degree of activation,
(First order transformations)

temperature of tertrate " speciféc rotation of sample
17°¢ == 1°0°
40% = - 0°5°
84°¢c = - 0°1°

The vajue for 17° is the result of a single eiperiment (as are
the velues for the other temperatures quoted), but a considerable
number of transformations were carried out at kr about this temperature
(ie. room temperature) with substantislly egreeing results.

Experiments carried out et low temperatures gave no conclusive
results., Samples of the sulphone in ethyl tartrafe solution were
meintained at 0° and at « 15° for several hours and the material recovered
by mecipitation with water, These samples were found to possess
specific rotations varying from + 0°3° to - 0°7°. The explanation of
these varying results is not known., Perhaps at very low temperatures
the possibility of chance preferential crystallisstion by inoculation

is ihcreased.

7.



The results for second order transformetions carried out at room
temperature and at 84° confirm those shown above and are given in detail
in the experimentel section.

Experiments with this sulphone wepe also carried out in other
'asymetric solvents. It was observed to undergo a second order
transformation in l-menthyl acetate. No tremsformation wes observed
however when d or 1 sec. octyl alcohols were used as ssymmetric solvents.
The solubility of tihe sulphone in cold octyl e2cohol is low and
crystallisation tock place rapidly, crystallisation of the sulphone
from ethyl tartrate took two to three weeks. However crystallisation
of the sulphone from menthyl acetate was also repid so that it is
difficult to say whether rgte of crystellisation is an important factor.

The related N-ethyl sulphone (III where X = CHy, Y = CgHy) has also
been found to undyego both#irst and second order transformations in
ethyl tartrate., As expected it was found to be ppticelly much more
stable than the N-methyl compound, havg¢ing a half life period of about
8ix hours as against nineteen minutes. This iz of interest as showing
that a compound of such relatively high opticel stability is capable
of undergoing asymmetric transformations in an esymmetric solvent.

achivation

These results showed that opticel,can be achieved by asymmetric
solvent action. Moreover this method can be applied to compounds which
lack a salt forming group. and so cannot be resolved by the normal means.
The compounds obtained, although not optically pure, have a sufficiently
high rotatory power to allow observations to be made of their rates

of racemisation and thus to compare the relative optical stabilities

8.
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of relsted compounds. It was decided to study a series of related
sulﬁhones end similar compounds in this wey, in the hope that an
example exhibiting a more complete activation effect might be obtained.

It has been !shown by Adems and his school that, in the cese of
optically active diphenyl derivatives, substituents other than those
actually involved in the steric interference can influence the
optical stability of the compound (14, 15, 16). Adems invewtigated
the series of compounds obtained when a substituent X is introduced

into positions 3', 4', or 5' of the diphenyl molecule IV,

N, ocH 3
ey
Cop=7s"

He found that for each of the three series of compounds, 3', 4'

and 5' the optical stebility increases in the order

H < OCHy < Oy < C1 <Br < NOs.
The stability of the 4' derivatives is somewhat less than that of
the 5' end much less than that of the giwee 3', the chloro and
bromo substituents had somewhat similaer effects. The 4' nitro
compound is enomalous in being mére stable than the corresponding
5' compound.

A similar investigation was carried out on the: sulphone type of
molecule, the substituents Cl, Br, OCH, were successively introduced in
place of the pare methyl group (III where X = Cl, Br, OCH,). These
compounds were pfepared by Witi rearrangement of the appropriate
sulphonanilides. The yields varied from 100 % (X = CHy) to 6 % (X = Br)

under the optimum conditions for rearrengement., The N-methyl end N-ethyl
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compoumds were prepared in each case, though, owing to shortage of
meterial and poor yields in the Witt reerrangement, the N-methyl
p-bromo compound was not prepared in sufficient quantity for experiments
with ethyl tartrate. The yields were invariabl;::f;th the N-ethyl
compounds then the N-methyl.

Of these campounds all underwent first order trensformations in
ethyl tartrate and, with the single exception of the N-ethyl-p-chloro
compound, all underwent second order transformations also. The optical

stabilities may be arranged in decreasing order of magnitude:

OCHs > CHg > C1> Er.

Relative optical stabilities of sulphones (compound III)

Substituent X Y =CH Y = CgHs
p~Br - 50 min.
- Cl 3 min. 120 min.

h p~ CHg 19 min. 360 min.
P~ OCH,; 41 min, very slow.

Having regard to the small rotations being measured, these values
must be regarded as only approximate, but they allow of the various
compoands being arrenged in order of increasing opticel stability.

It will be observed that the substituents fall into the szame sequence
as observed by Adams but that the order is reversed.

It wag desired also to investigate the nitro substituted sulphone
(III, X = NOg), but no route leading successfully to its synthesis

could be found.



N-p-Tolueneaulphonyl—N-methyl-p-nitraniline did not undefgo Witt
rearrangement on treatmemt with sulphuric acid, but was hydrolysed to
N-methyl-p~nitreniline. Nor did N-acetyl-N-metmrl-p-nitranilinelreact

N-methyl-p-nitrsniline. Nor aid N-acetyl-n-methyl-p-nitrmnne[peact“i“'

Attempts to prepare 2-chloro=8~ nitro-4'-methyldiphenylsulphone (IV),
hoping to convert it to the methylamino sulphone by reaction with
alcoholic methylamine, were unsuccessful. 2-Chloro-5-nitrobenzenesulphonyl
chloride did not react with toluene in the presence of aluminium chloride
to produce any purifiable material, in the presence of stannic chloride

no reaction whatever took place.

Ce CHyCON-CHy
§0.C1Hy N S O.NH-Cy He @Svu\m-cms—
Sy R,
N O v N Y NO V|

The closely related compound 2-chloro-S5-nitrobenzenesulphonanilide

(V) was prepsred and, on boiling with alcoholic methylemine carbonate
followed by acetylation of the product, N-acetyl-N-methyl-2-asmino-
S-nitrobentenesulphonenilide (V1) was formed. The steric effect of the
sulphonanilide grpup should be similar to that of the sulphone group.

The compound was crystallised from ethyl #artrate, the crystals which
separated were opticelly inective., The solubility of this compound in
ethyl tartrate being low, insufficient material remained in the ethyl
tartrate mother liquors for polarimetric examination. This compound

was not, however, particularly suitable for such experiments as , owing
to its low solubility in ell solvents, only dilute solutions could be vsed

for polarimeter readings when the very partial resolution generally Q
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obtained by crystallisation from ethyl tertrate might be overlooked.
It was accordingly decided to prepare other similaf compounds,

with a view to obtaining one of higher solubility, and substituents

were introduced into the anilide benzene ring (VIa where Y = o or p

Cl, CHy or OCHg). Of the six compounds prepsred the o-chloro (Y = o-61)

was selected ss the most suitable, This colipound wes crystallised from

ethyl tartrate, but no rotation was detected in the crystals which

seperated.

C;{jc O'N' CH3
S 0y NH: C6 Hq.\/

Ve

This evidence, however,dees not allow of conclusions being drewn
regarding the resolvaebility or optieal stability of these nitro
substituted sulphtnanilides, mince it is possible that these compounds,
though unstably asymmetric, might fail to undergo esymmetric transformations
in ethyl tertrate solution.
¥-Acetyl-N-methyle2-smino-5-nitrobenzenesulphonic aeid (VII) was
accordingly prepared by sulphonation of N-acetyleM-methyl=p-nitraniline

with chlerosulphonic acid, followed by acetylation of the sulphonation
product.

S0y H
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Attempts were made to resolve it via both the brucine and quinidine
salts. The brucins selt, which did not crystallise well, had an esbnormally
low rotation, but it 4id not muterotate in solution. Decomposition of
the brucine salt yielded an optically inactive sodium salt. The
quinidine salt crystallised well, but underwent no change in specific
rotation on crystallising from ethyl ecetate. It did not mutarotate
in solution and on decomposition yielded an optically inactive
ammonium salt. Insofar as conclusions may be drawn from such negative
evidence it seeme that a nitro group para to the methylamino group
destroys the asymmeiry of the molecule, gnd it is possible to see how
this might come about, Resonance could occur involving both the nitro
and amino groups, but resonance can occur only in a plangr structure
and thus the additionel stability produced by the resonance might

overcome the steric resistance and favour the planar non - resolvable

structure, CH, co- )@Cl—b
CHyCo- N CHy <o
.So_,H \ \ 3H
NS f&
//
S, 0< ey

These studies were extended to N-acetyl-N-methyl-2-emino-4'-methyl-
diphenylsulphéne (¥III where X = H), and to a series of sulpljones in

which there is a substituent meta to the methylamino group (VIII where
X = Br, C1, CHy, OCHp).

CHzCo'N - C H3
S 02 CyHy

x L~

atl

——————
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The possibility of preparing these compounds by Witt rearrangement
of the appropriately substituted sulphonanilidds was considered. In
the cases of these compounds which have no substitueht para to the
amino gr‘oup\there is a possibility that rearrangement might produce a
pera aminosulphone instead of an orhho. Witt stated that in the case
of the p~-toluenesulpljonyl derivative of N-ethyl-o-toluidine the
rearrangement product was the para sulphone, but he produced no proof
of this assertion (17). Halberkasn claimed that rearrangement of the
p-toluenesulphonyl derivatives of diphenylamine and of phenyl~-p-tolylamine
gave rise to o-aminosulphones (18). The p~-toluenesulphonyl derivatives
of N-methyl-m-toluidine and N~ethyl-m~chloraniline were accordingly
prgpared and treated with comcentrated sulphuric acid, no rearrangement
products were obtained however, the only action being hydrolysis of
the amide linkage. From the p~toluenesulphonyl derivativef of
N-methylaniline a very small yield of a sulphone was obtained; as
this was proved to be different from the o-aminosulphone, prepared
by a different route, it was presumsbly the para rearrangement
product.

These campounds were all olitained by the route outlined bekow.

NG
@Cﬂ C'IH"SH E)S Gy Hy Hy 0y, 3 @Sol Cy Hy S, Cez.
X NaOH .

NH:-C0-CH, (H,N CO-CHy

uiSOXC,Hw ) QSO;C,I—L, NeOEt, 5°xC7Hw
XO X (CI‘!)S%X



The starting materials for these syntheses were readily prepared.
Where X = C1 or Br they were obtained by nitration of the p~dihalogeno
compounds, in the other cases by nitration of the appropriately
substituted aniline, followed by a Sandmeyer reaction, The only notable
feature of the synthesis is the methylation of the substituted acetenilides
by means of alcohodic sodium ethoxide eand dimethyl sulphate; normally
acetanilides form sodio derivatives by reaction with sodium in an
inert solvent.The enhanced acidity of these compounds is due to the

presence of the o-sulphonyl group, they are in fact the vinylogues
of sulphonamide - . This series of reacti; was used satisfactorily
to prepare the compounds where X = H, Cl, Br, CHy and OCH, (VIII).

With the exception of the latter .campound which was difficult to
purify and tended to seperate from solution as an oil, these sulphones
were all exsmined in ethyl tartrate solution. The unsabstituted
compound (X = H) crystallised fram solution, neither the crystals nor
the material Qxﬁneining in the mother liquors wemw optically active,

None of the other compounds crystallised from solution in ethyl tartrate;
in no case did the material recovered fram the ethyl tartrate by
precipitation with water possess any rotation.

These observations were most surprising, having regard to the very
consistent remults obtained with the closely related para substituted
sulphomes, and a satisfactory explanation hard to find. It seems unlikely
that the shift of the substituent from one position in the benzene
ring to the adjacent one could alter the optical stability or resolvability

of the compound very profoundly. Moreover it was observed that



compounds of widely differing optical stability will undergo asymmetiric
transformations in ethyl tartrate, as witness the g-methyl and

;-ethyl substituted sulphones., The explanation may lie in the

physical properties of these compounds. The unsubstituted and meta
substituted sulphones are much more soluble in common solvents than

the para substituted eampounds and display a great tendency to form
supersaturated solutions, the most extreme case '!:xeing that of the
m-chloro compound, solutions of which in aceti::eme.ined supersaturated
for up to two days , crystallising rapidly on inoculation with a
crystal of the sulphone. With one exception they did not crystallise
from ethyl tartrate and had to be precipitate#with water the solute
separating first as an 0il which solidified on more or less prolonged
standing, In these circumstances racemisation of the sulphone might
have taken place in the fluid state after removal of the ethyl tartrate,
while chance preferential inoculation of the oil could have influenced
the composition of the recovered material. Of these two explanatioms
the former is the more probable.

A further member of this series of compounds was prepared,
N-acetyl-N-methyl-2-amino-4-nitro-4'-methyldiphenylsulphone (VIII
where X = NOg). As starting material for the prepsration of this
compound 2-chloro-5-nitrosniline was required. The preparatiom of this
by nitration of o-chloraniline sulphate has been describea (19), end
also by reduction of 2:4~-dinitrochlorobenzene with the theoretical
quantity of stannous chloride (Claus and Stiebel, 20). Neither of these

methods was found to possess any preparative value, In the first

16.
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case, nitration of o-chloraniline with the theoretical quantity of
nitric acid in the presence of a large excess of sulphuric acid yielded,
apart from unreacted starting materisl, a compound, sparingly soluble
in alcohol, whose melting point (153°) showed it to be most probably
a dinitrochloraniline, and also 2~-chloro-6-nitraniline ( MP 76°). There
was left in the mother liquors after the crystellisation of these
compounds a mixture of solid prodiacts which could not conveniently
be separated.

The reaction betweenstannous chloride and dinitrochlorobenzene was
extremely vigorous and,even when moderated by extermal cooling, the
product formed a complex browm mixture which could not be purified.

ihis compound was finelly satisfactorily prepared by nitration of
N-(2-chlorophenyl)-phthalimide to give N-(2~chloro-5-nitrophenyl)-
phthalimide, This gave, on hydrolysis with aqueous sodium hydroxide,
the required 2-chloro-S-nitroaniline free from any isomers. The acetyl
derivative of the amine was condensed with sodium p~thiocresate to
give a thioether which on mxidation with hydrogen peroxide in acetic
acid gave a sulphone. This sulphone could not be methylated, however,
owing to its sensitivity to alcoholie sodium ethoxide. The p~toluenesulphonyl

derivative of 2-chloro-5-nitroasniline was methylated with dimethyl

sulphate and sodium hydroxide, and the methyl derivative hydrolysed

to give 2-chloro-5-nitro-N~methylaniline,’ the melting point found for
this compound was substantially higher than that quoted in the literature.
The acetyl derivative of this amine was converted to a thioether with

sodium p~thiocresate, and this, on oxidatioh with hydrogen peroxide,
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gave the required N-acetyl-N-methyl-2-amino=4-nitro-4 ‘=gethyl-

diphenylsulphone., This compound,which did not display the same

tendency to form supersaturated solutions as the other meta
substituted sulphones, was crystallised from ethyl tartrateiboth
the crystals which separated and the material recovered from the

mother liquors were opticelly inactive.

Derivatives of N-benzoyldiphenylemine.
Also belonging to the class of compounds owing thedr asymmetry
to restricted rotation are the ortho substituted N-benzoyldiphenylamines,
compounds of low opticel stability investigated by Turner and his
schoo} (21). Three compounds of this type were prepared (IX, X and
ﬁ) . The method of prepatation was that employed by Turner.

L, a0 Q 3
ey ""o Hy — ©\ @
& ) CoLCHy @

. C O CH CO.CH
Cy Hy C o LR CO C(,Ho- 3
03, "
(€3
~
@\N @O cu N CO{CHJ__)?_
C OyLChy
Co Colis C,O CiHs ‘

The acids corresponding to the first two of these esters have
been resolved by Turner who measured their rates of racemisation.
Both these esters were observed to undergo both first and second
order transformations in ethyl d-tartrate. The rotation of the
product of the first order trensformation of IX was the largest

observed in the course of this research ( [d\] 5= = 4°4°). The
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observed rates of racemisatbon of these esters corresponded fairly

satisfactorily with those recorded by Turner for the acids.

Half life period Half life period
dcid IX 10°5 min, Bster IX 8 min.
Acid X 4°6 min, Ester X 5 min.,

The third ester (XI) was observed to undergo a first order
transformation but not a second' order transformation. When the
compound crystallised from ethyl tartrate the crystals which
separated were optically inactive, but the material remaining in
the mother liquors was laevo rotatory. When a dilute solution of the
campound in ethyl tartrate was allowed to stand so that no
crystallisation took place the material recovered from the
solution by precipit?.tion with water was laevo rotatory. It is
difficult to say why this campound should not have undergone a
second order transformefion. It had been observed that, in the
case of N-acetyl-N-methyl-2-smino-4": 5-dimethyldiphenylsulphone,
any vigorous agitation of the ethyl tartrate solution while
filtering the crystals or any scratching of the walls of the
containing vessel caused precipitation of laevo rotatory material
along with the dextpo rotatory crystals, thus obscuring the
rotation of the meterial actuelly produced by crystallisation.

It is possible thet in this case also same form of co-precipitation
obscures the effect of a possible second order trensformation, The
half life period of this compound was large compared with that of

X (15 minutes as against 5 minutes). This is not very surprising



having regard to the obseevations made on the effect of substituents
in the optically actave sulphones and dlso thet,of the two
substituted diphenyls XII and XIII ,the former racemises at about
three times the rate of the latter (22).

An attempt to prepare another of these compounds (XIV) was also

mage.
c
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The preparation of this compound was described by Turner, who

demonstrated the asymmetry of the molecule by means of the addition
curve technique} he found that the optical stabilitj-r of the
compound was of an extremely low order. It was thought {to be
desirable to see if a compound of such low opticel eptiee stability
could be obtained in optically active forms by crystallisation

from an asymmetric solvent. The attempted preparation of this

20.

campound, however, was unsuccessful. The formation of the intermediate

imino ether led to the isolation of a pale yellow oil instead of
e{ crystalline solid. The same difficulty was experienced in the
preparation of IX, but in that case the oily material, on heating
for a while at 260° and trituration of the cooled product with
methanol gave the required diphenylsmine. Applicatidn of the same
procedure to the preparation of XIV, however, met with no success,
after heating to 260° and cooling the material remained a very

viscous oil, extremely soluble in alcohol.



TAUTOMERIC COKPOUNDS

Keto-enol compounds

Should a compound exist in solution as an equilibrium mixture
of two tautomers, one of which is asynmetric and the other
symmmetrical, then the optically active forms of the first compound
will gradually racemise via the inactive tautaomer.

d-FR'CH*CO*R" —= RR'C:C{OH)*R"— 1-RR'CH"CO'R"

The equation iilustrates the raceﬁisation of an éptically active
ketone via the inactive enol form. Such & compound should be
capable of undergoing asymmetric transformations. Only a few
instances of this are recorded& in the literature and most of the
cdmpounds in question were unsuiteble for thé purposes of the
present work., Leuchs and Wutke (23) investigated two compounds of

12
this type XV end XVI: of these the first is difficult prepare and

@/ CHaN / Co\g g\jcol H
X N“S 0

XV

the second ef sparingly soluble. The latter consideration, as

has been pointed out is important for the purposes of this work.,
More recently Turmer (24) has shown that compounds of the
melonoanilic acid type (XVII) undergo asymmetric transformations
with optically active bases, these compounds being readily

obtainable and of suitsble physical properties,

Cells- € He C e €0

Nco-NH- Ce U
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XV
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One of these compounds, benzylmalono~-o-toluidic acid, was
prepared and recrystallised from ethyl tartrate. The material
which crystallised was laevo rotatory, no mutarotation occurred
in elcoholic solution but the rotation disappeared on the addition
of alcoholic alkeli. These observations are in acco@d with Turner's
findings. No polarimetric measurements could be made on the material
recovered from the ethyl tartrate mother liquors owing to the
presence of highly coloured impurities,

On the basis of Leuchs' and Wutke's observations on the substituted
hydrindone XV it seemed possible thaet the hydrogen atom attached to
a h:az;;en atom adjacent to a single cerbonyl group might be
sufficiently mobile to permit of asymmetric transformations. An
otalkyldesoxybenzoin was thoulht to be a suitable compound for
experiment and the 0&benzyl compound wés accordingly prepared.

Wheﬁ Okbenzyldesoxybenzoim was cyystallised from ethyl tartrate
the crymstals which separated were laevo rotatory but no mutarotation
occurred in chloroform solution at roam temperature. No mutarotation
occurred on adding piperidine or a mixture of phenol and pyridine
to the golution: these catalysts might have been expected to
promote tautomeric change. The material recoverdd from the ethyl
tartrate mother liquors, only a very small proportion of the
benzyldesoxybenzokn originally used, the solubility of this compound
in cold ethyl tertrate being low, was found to be very highly

dextro rotatory ( [« s> + 16°8°). This material did not tacemise in

solution either.
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Further investigation showed that on recrystallising the laevo
rotatory material again from ethyl tartrate the laevo rotation was
enhanced, the rotations of the material from successive crystallisations
being: [X]= - 201°, = 2°5°, - 5°8°, - 5°2°, - 579, - 57°, - 57°,
While by combining the material recovered from the mother liquors of
these crystallisations and again crystallising from ethyl tartrate
a dextro rotatory fraction, specific rotation + 17°, was obtainea.
These results seemed to indicate the possibility of achieving a
true resolution by asymmetric solvent sction.

It was then found, however, that each of these highly active
fractions of benzyldesoxybenzoin could itself be further separated,
by ocrystallisation from alcohol, into two fractions, one of high
specific rotation and the other of much lower rotation. Though
this separation by crystsllisation from alcohol was by no means
complete it showed that the optically active material consisted of a
highly optically sctive compound accompanied by a less active, or
probably inactive, one.Elementery andlysis of the opticall;r;;)ecimens
demonstrated the presence of a more highly oxygenated compound than
benzyldesoxybenszoin, As, owing to the small quantities involved, it
was impossible to achieve other than a pertisl separation of thsse
compounds by crystallisation, an attempt was made tb separate them
by chrometography on a column of slumina, following the process
polarimetrically. No separation tock plece. Attempts to separate
and identify the optically active components of these mixtures were

not prosecuted further.



It seemed obvious that some reaction occurred between the
benzyldesoxybenzoin and the ethyl tartrate, or, possibly, with
some gmpurity in the latter aince it wae observed that the
magnitudes of the observed rotations depended on the sample of

ethyl tartrate being used. In one case a rotation of - 20° was

observed, in another an even more prolonged series of crystallisations

failed to lower the rotation beyond - 5°7°, In the absence of any
evidence as to the structure of this opticelly astive compound

it is impossible to spBculate as to whether the separation, by
crystallisation from ethyl tartrate,of two fractions of opposing
sign of rotation may be regarded as a resolution, but, in view of
the findings of other workers in this field, it seems highly
improbable.

While these investigations were still in progress, and the
possibility of a resolution having been achieved still under
consideration, experiments were made to determine &o wljat extent
such phenomena were peculiar to the molecular structure of
bengyldesoxybenzoin. It was decided to investigate two types of
structure largely similar to benzyldesoxybenzoin, but differing in
certain features (XVIIIand XIX).

CQHO.CO'M,'CQHQ and CQH..CO.CHQ'CHR'CQHQ
XVIII : XIX

In the first of these structures the desoxybenzoin structure
is retained with the asyumetric carbon atom adjacent to the keto
group, but there is no longer a mobile hydrogen atom to form part

of a keto - enol system. In the second a keto = enol system still

24.
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exists but a methylene group is interposed between the asymmetric
carbon atam and the carbonyl group.

The experimental difficulties encounteréd in the preparation of
a compound of type XVIII proved insuperable. Alkylation of & mond -
alkyldesoxybenzoin is almost impossible (25), and it was found to
be impossible to introduce #e an alkyl group into of-cyanodesoxybenzoin,
in which the hydrogen atom to be replaced should be activated by
both the carbonyl and nitrile groups.

Attempts to prepare methylekhylphenylacetic acid, from which
a ketone of the required type should be obtainable by PFriedel and
Crafts reaction, were unsuccessful. Methylethylphenyl carbinol on
treatment with hydrogen chloride gave only an unstable halogen
compound which readily lost hydrogen chlofide to give e\ﬁ-dimethyl -
styrene on treatmebt with aqueous alcoholic potassium cyanide.
Attenpts to convert this halide to the required acid by Reichstein's
metho@ for the preperation of tertiary acids (26) was also
unguccessful, as no simple product could be isolated from the
reaction between it and methyl 2-furoate in the presence of aluminium
chloride.

Benzylphenyl-p=tolylacetonitrile was readily prepared from
phenyl-p-tolylacetkc acid but this nitrile could not be hydrolysed
to the acid, nor did it undergo alcoholysis to the corresponding
ester,

Three compounds of type XIX were prepared and examined. Attempts

to prepare compounds of this type by reaction between chalkone and



Grignard re#gents failed. Kohler (27) claimed that Grignard complexes
add to the 1:4 positions of the conjugated unsaturated system of
chalkone (benzylideneacebophenone) producing ketones of type XIX.
On attempting to repeat his experiments using the Grignard reagents
obtained from methyl iodide, ethyl bromide, p-bromotoluene and
benzyl chloride no solid product was obtained in any case. On
attempting to distil. the yellow oils produced, considerable
decomposition took place with darkening and evolution of water. This
behaviour seemed more characteristic of the unsaturated carbinols
which would have been produced by 1:2 addition of the Grignard
reégent to the chalkone and it was thought that these must indeed
have been the main products of the reaction.

p-FPhenyl- B -9-fluorenylpropiophenone (XIX where R = 9-fluorenyl)
was prepared by Michaek addition of fluorene to chalkone in the
presence of a pyridine catalyst. B-ﬁbthyl-p-phenylproPiophenone
(XIX where R = CHy) was prepared by hydrogenation of dypnone over
a palladium black catalyst. ﬁ-Phenyl-ﬁLp—tolylpropiophenone was
prepered by addition of toluene to chalkone in the presence of 96 %
sulphuric acid. These campounds were all crystallised from ethyl
d-tartrate but in no case was any rotation detected in the crystals
which separated or in the materials recovered from the mother
liquors.

In view of these results it was considered advisable to synthesise
and resolve in the noemal fashion an aecid more nearly resembling

benzyldesoxybenzoimn than the substituted hydrindone of Leuchs and



Wutke. o:Benzyldesoxybenzoin=-2=-cerboxylic acid was accordingly

synthesised by the route indicated: the 3~benzalphthalide required
for the synthesis was readily obtained from phthelic anhydride and

phenylacetic acid.

CH-CuH s Co-cH((sHs)- CHa G b

Ko, Co-CHy C‘Hs’ @[
fH CO CHy Colls
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This acid formed a brucine salt from which, after four crystallisations
frcm ethyl acetate, the l-base.d-a2id was isolated,[d]:':xs - 12°1°,
On treatment with hydrochloric acid the d-acid was produced,
[&]:Q: + 27°5°, This acid did not racemise in chloroform solution
at room temperature, as did that of Leuchs and Wutke. It racemised
slowly, however, on crystallising from hot acetic acid, it also
racemised in hot aqueous alcoholic alkali. Esterification of the
ective acid with dlasomethane produced the d-methyl ester,|w].,, = +29°3°
This ester wes refluxed in alcoholie solution for 48 hours, the
recovered ester had rotation[d]::as + 31°8°, showing that no racemisation
had occurred. The increase in rotation of the ester wes presumed
to be due to some purification effected in the course of the
attempted racemisation,

difficult

This result is rather to reconcile with Leuchs' and Wutke's
claims, but it indicates that benzyldesoxybengoin itself would
be unlikely to undergo an asymmetric transformation.

Optically inactive methyl ok-bengyldesoxybenzoin-2-cerboxylate was



cryetallised from ethyl d-tertrate solution. Almost all the ester
separated from the solution: the corystels showed no rotation.
Hoping that the replacement of the O-bengyl group by some
activating group might increase the mobility of the hydrogen stom
attached to the ssymmetric cerbon etom, and thus produce & compound
capable of undergoing asymmetric transformations, phenylbenzoyl -
acetic estexc'gjas prepered and orystalliged from ethyl tertrate
solution., On some occasions the crystels which separated were laevo
rotatory, no muterotation occurred, however, in chloroform or
acetonitrile solution at room temperature. Sometimes under
apparently identical condlitions no opticel activity was detected

in the recyystallised material.

c.rre-oogﬂ(ooacm)-c.ﬂa

R+ CO+ CH(CO*R"').CO.R"
X1 -

In search of tautomeric compounds capeble of undergoing
asymmetric transformations it was decided to investigate triecyl -
methenes of the type XXI.

The first compound of this type which was examined wes
benzoyl-p-toluylacetone (XXI where R = CqHg, R' = CHy and
R" = CuH,*CH, ). This was prepared from benzoylacetome and p-toluyl
cialoride. Dibenzoylacetone ococurs in three forms, the triketo,
the diketo = enol and another very umsteble form which was stated

by Micheel to be also a triketone (28). The triketo form is the

28,
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most stable, on treatment with alkali it is converted to the
vdiketo ~ enol but on crystallisation thies tends to revert to thhm
triketo form. The benzoyl-p-toluylacetone was crystallised from
ethyl d-tartrate. Decomposition of the capound or reaction with
the ethyl tertrate seemed to occur, for the crystals which separated
were badly discoloured while addition of water to the mother
ligwors produced a viscous oil which crystallised only slowly.
No rotation was detected in the crystals or in the material recovered
from the mother liquors.

It was therefore decided to prepare a triacylmethane in which
all the acyl groups should be aroyl groups, in the hope that it
would be more stable, and crystallise bettdr than the benzoyl-
p~toluylecetone. Tribenzoylmethane has been investigated by
Abell (29). It exists as both triketo end diketo - enolic forms,
the latter is unstable and passes into the former on recrystallisation.
The compound exists in solution to a smell extent as the diketo -
enolic form. Benzoyl-p-toluylmethane was prepared from ethyl
benzoate and p-methylacetophenone, also from ethyl p-toluate and ‘
acetophenone , the melting point agreed with that reported by
Weygand who prepered it by a different route via its isameric
0 - methyl ethers, (30).

The reaction between benzoyl-p-toluylmethane and o{-naphthoyl
chloride is, howefer, exceedingly complex and the products have
not been identified. The diketone forms a sodio derivative with

a suspension of sodium in ether. On treating this with Cknaphthoyl



chloridé two neutral, highly crystalline produsts result. As they
are neutral they are obviously neither of them the desired triacyl -
methene, Their analyses correspond best with the following empirical
formulae:

compound A: white prisms from dioxan, MP 148°; CggHjy(Os/

compound B: white needles from benzene, MP 160°; Cy3Hye O4.

On reaction with alcoholic sodium ethdxide and ofnaphthoyl
chloride the benzoyl-p~toluylmethane was recovered almost entirely
unchanged, only traces of another acidic compound, MP 143°,being
obtained. The quantity'of this latter was insufficient for emnalysis

end it was not, therefore, further investigated.

Nitro aci-nitro compounds.

Another tautomeric system, which,in suitable optically active
compounds, might cause them to undergd asymmetric transformations,

is the nitro aci-nitro system.

Ry
P\'/ \N

A0
X0
No ccmpounds of this type have previously been shown to undergo
axymnetric transformations. One of the difficulties likely to be
encountered was the fact that many otherwise suitable campounds
are somewhat unstable, while aliphatic nitro compounds are in
general rather low melting solids or oils, so that the hydrocarbon

residues R, R' would have to be of fairly high molecular weight.
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Only one nitro compound wes examined, o|f-dinitrodibenzyl, which
has been shown to exist in two isomeric forms, one MP 235° and the
other MP 152°, (31). This compound contains two asymmetric carbon
atoms and one of these isomers will be the racemic form of the
compound and the other the meso. No means of distinguishing them
exists, since, lacking any salt forming group, no method of rewolutionm,
other than asymmetric solvent action, is applicable. It was hoped
that the reeemic form might undergo an asymmetric transformetion
in ethyl d-tartrate, while there was a possibility that the meso
form might undergo partiel conversion to its isomer under the
influence of the ethyl tartrate,

The higher melting isomer crystallised rapidly from ethyl
tartrate. In the first experiment the crystals were found to
be laevo rotatory, mutarotation occurred at room temperature. A
certain smount of decomposition of the dinitrodibenzy} had occurred,
however, as shown by the evodution of niatrous fumes: it had been
necessery to heat the dinitrodibenzyl end ethyl tartrate for
rather a long time near the boiling point of the tartrate in order
to bring the sparingly soluble nitro compound into solution. The
experiment was repeated,care being taken to avoid any decomposition
of the nitro compound, the crystals which separated were optically
inactive . N& rotation was detected in the crystals when the first
crystals were allowed to separate at 86° (to permit of slow
crystallisation). The rotation observed in the first instance was

possibly due to chence preferential inoculation of the solution,
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or to an asymmetric decomposition. All these samples melted at
285° there was no indication of conversion to the lower melting isomer.

When the other isomer was crystallised from ethyl tartrate
there was no indication of any axymmetric transformation of of
any conversion to the high melting isomer,

Attention was then turned to o{-nitro-ketones. Compounds of this
type should be suitable for asymmetric transformations when the
carbon atom carrying the nitro group is asymmetitc and has one
hydrogen atom attached. Most of these compounds, unfortunately,
are unstable, as for instance Q-nitrodesoxybenzoin (32).
o{~Nitro-d~camphor, however, is known and is a fairly stable compound.
It was therefore decided to prepare dbnitro-dl-camphor (XXII) and
examine its behaviour in ethyl d-tartrate solution. This compound
possesses three asymmetric carbon atoms, only that to which the
nitro group is attached would be expected to be involved in an

ssymmetric transformation.

N
Cl J\C.: ,
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The method of synthesis wes to form iso-nitroso-dl-camphor by
treating dl-ceamphor with emyl nitrite in the presence of sodium,
and then oxidise this with alkeline ferricyanide to the nitrocamphor.
Iso-nitroso-d-cemphor occurs in two forms, MP's 114° and 150°, the

former passes into the latter on heating above its melting point.
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On treating synthetic (dl) camphor with amyl nitrite and sodium a
crystalline iso-nitroso compound, MP 111 - 114°, was obtained,this

did not isomerise on heating above its melting point. On oxidatibon

with pétassium ferricyanide in aqueous potassium hydroxide a bulky

white precipitate, presumably a peroxide, wes initially obtained,

and this decomposed graduelly with evolution of a ges. These

phencuena are entirely in acco#d with those recorded for the

preparation of oénitr01grcamphor. Subsequently there was obtained,
however, only an acidic yellow oil which did not crystallise alone

or in contact with various solvents.



DERIVATIVES OF CYCLOOCTATETRAENE

Cyclooctatettaene was first prepared by Willstatter from
N-methylgrengtenine (33). Its stability and general properties
differed to such an extent from those of benzene that many workers
rejected the eight membered ring formula and believed the compound
to be a form of styrene., The compound hgs since been prepared from
acetylene by controlled catalytic polymerisation and the identity
of this preparation with Willstatter's compound proved (34).

The modern view of the structure of aromatic compounds is that
the stability of the aromatic ring is due to resogance between
all possible bond isomers., Now the benzene molecule is planar and
strainless but a planer cyclooctatetraene molecule would be highly
strained and it is believed that this molecule is in fact non ~-
planer. As resonance is impossible in & non - plenar structure
the differences between cyclooctatetraene and aromatic compounds
can thus be explained.

Experimental proof of the non - planarity of $he cyclooctatetraene
molecule has heen supplied by Brockway, who carried out X -ray
diffraction measurements on tetrgbenzcyclooctatetraene, and showed
the eight membered ring in this compound to be non = plemar (35).

Akuitably substituted cyclooctatetraene should therefore be
asymmetric and potentially resolvable. There are segeral factors

to be considered regarding the stereochemistry of cyclooctatetraenes.
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In the cycloéctatetraenc molecule as shown the four carbon atoms
~enclosed by a2 circie mey be regarded as lying in the plane of the
paper, the other four lie in a plane parallel to that but slightly

gbove or below it.

Any derivative of cyclooctatetraene with ean uneven numnber of
substituents, or an uneven number of any one substituting radical,
will be asymnetric, ‘hen those compounds with an even number of
substituents are conaiderel the cuestion of the position of the
substituents with regard to the double bonds becomes important,

If there is no resonance in a cyclooctatetraene ring there should

exist two isometic adjacent disubstituted compounds.

X

(3

Of these (2) hes 2 plane of symmetry as shown, (b) hzs none
and should bherefore be resolveble. QOf thie other four possible
disubstituted cyclooctatetracnes (f) zlone possesses a plane of

symnetry.




Of more immediate concern for the purposes of this work are the
1:2:3:4 and 1:2:5:6 tebmasubstituted cyclooctatetraenes, since the
dibenzcyclooctatetraenes, whioh,\usegt;;perimentally, fall into this
class. A 1:2:3:4 tetrasubstituted cyclooctatetraene may exist in

forms (g) or (h). Of these (g) hes a plene of symmetry while (h) is
resolvable,

p . Y

(3) (h) (i) (5)

Similarly there gre two forms of a 1:2:5:6 tetrasubstituted

compound. of which the first (i) has two planes of symmetry while
the second (J) is resolvable.

Coming now to the dibengcyclooctatetraenes it seems probable
that the fusion bonds of the molecule which are held in common by
the benzene and octatetraene rings may be regarded from the point
of view of the latter as double bonds, and that the two compounds

may reasonably be formulated as shown, (k) and (1).
s
W 83 @m @CD

On the basis of these formulae 1.2.5.4-dibenzcyclooctatetraene
and any of its derivatives should be asymmetric, but a derivative
of 1:2:5:6-dibenzcyclooctatetraene would not be asymmetric unless

asymetricelly substituted, as in (m).

Apart from the degree of fixation of the octatetraene double bonds
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the most important factor is the rigidity of the eight membered
ring. The carbon atoms need not necessarily be he€ld firmly in one
configuration, but might undergo an inversion of configuration, the
ring passing temporarily through a plamer arrangement. On the ease
with which this inversion took place would depend whether such a
compound would be capeble of undergoing asymmetric transformetions,
or whether it woild be rewolvable at all. If the inversion were
extremely rapid the net effect muldtethat of a planar ring.

The only analogous case of a compound containing an eight
membered ring is that of the condensation product o€ benzil and
2:2'~diamino-1:1'-dinaphthyl., Kuhn and Goldfinger (36) condensed
the optically active (dextro rotatory) base with benzil and obtained

adive
en optically, product (XXIII) which was optically stable.

Nyer G Hs
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The demonstration of the asymmetry of this compound tellaﬂlittle,
however, regarding the configuration of a normel cycl}ooctatetraene
ring since a non - planar configuration would be imposed on the molecule
becguse of the steric interference of the hydrogen ataks in the
peri positions of the naphthyl muclei. It may be noted that this
compound is of type (h) above and its existence in::ptically
active form confirms the conclusions glready arrived at.

It was decided to attempt th prepare a derivative of cyclooctatetraene
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and sec if it would undergo asymmetric transformation, The
benzcyclooctatetraenes, of wijich some are known, are more stable
then the parent compound and more suitsble as regasrds physical
and chemical properties in general,

The first attempt was to prepare tetrabenzcyclooctatetraene
(tetraphmnylene), the formation of which from magnesium 2:2'-diphenylene
dibromide has been desvribed by Rapson and Shuttleworth (37).

Attempts to repeat their work were, however, unsuccessful.
2:2'-Dibromodiphenyl was recovered unchanged even after refluxing
with magnesium in dry ether for 72 hours, nor 4id attempts to
prepare the Grignard complex in dry diamyl ether meet with any
more success. It seems that some impurity in one of the reagents
" must have acted as an inhibitor.

88 the Grignard reaction on 2:2'-dibromodiphenyl had failed,
it was decided to explore the possibilities of the Ullmann reaction, .
Lothrop (38) had found that dibromodiphenyl is not dehalogenated
by reaction with copper, but that it would react with cuprous
oxide. By heating dibromodiphenyl,or better diphenylene-iodonium

iodide (XXIV), with a large excess of cuprous oxide he obtained a

®
XXTY 2| 9°
mixture from vhich he isolated diphenylene (dibengcyclobutadiene).
This compound wes also obtained by Rapson and Shuttleworth as a

by - product in the preparation of teiraphenylene.
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Lothrop's experiments with diphenylene-iodonium iodide were
repeated and it was found that under appropriate conditions a small
amount of a compound corresponding to tetraphenylene could be isolated,
accompanied by a large amount of 2:2'-diiododiphenyl, separation
being effected by crystallisation from alcohol. This compound
yielded a scarlet picrate MP 182°, probably idehticel with one
(MP 175°) isolated but not further investigsted by Lothrop. Rapson
and Shuttleworth stated that tetraphenylene did not form a picrate.
Only a smgll yikeld of tetraphenylene could be obtained by this
method, however, under a wide range of experimental conditions.
Diphenylene was obtained in about the same yield as that claimed by
Lothrop. It was attempted to prepare the Grignard complex from
2:2'=diiododiphenyl, hoping that this would prove more reactive
than the corresponding dibromo compound. This was not the case,
howewer, the diiododiphenyl was recovered unchanged after 48 hours
refluxing with magnesium in dry ether.
As 2 model experiment the Grignard reagent from o-dibramobenzene
was prepared and treated with cupric chloride. A minute yield
(ebout 1 %) of a substance corresponding in melting point and
general properties with 9:10-'benz;henanthren’e(::gs obtained, accompanied

by traces of diphenyl. The product off the reaction consisted almost

entirely of resinous matter.



As the eaveilable amount of tetrabenzcyclooctatetraene was
insufficient for further wotk, attention was turned to the
dibenzcyclooctatetraenes.

Fieser and Pechet (39) prepared 1:2:5:6-dibenz-3:8-dicyano-
cyclooctatetraene by condensing o-phthalaldehyde with
o-phenylenediacetonitrile, and they described the preparation
of several derivatives of this compound. Their work was repeated
and the dinitrile (XXVI) obtained in good yield. As was pointed
out abovd, however, a 1:2:5:6-dibenzcyclooctatetraene requires
itself to be asymmetrically substituted before it becomes potentially
resolvable, and great difficulty was experienced in obtaining

a suitably substituted compound,
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The half ester (XXVIII) was obtained in only a small yield, as
a by = product in the preparati®n of the diester §XVII). Attempts
to inocrease the yield of the half ester durinf the alcoholysis of
the dinitrile by empioying aqueous alcohol, or to obtain it by
partial hydrolysix of the diewter were unsucfessful. In the latter
case a little of YXVIII was produced along with same of the diecid
(XxXX). Attempts to prepare the half hydrazide (XXXI) by the method
of Davidis (40) as used for dimethyl terephthalate were unsuccessful,
XXVII failing to react with hydrazine hydrate.

The helf amide (XXIX) wes obtained in pbor yield. Under the
conditions described by Fieser ani Pechet for its preparation the
dinitrile was unaffected. Conditions were found, however, which prodﬁced
a small amount of the desired compound. This compound formed a
trucine salt, but no evidence of the asymetry of the acid was
obtained. The recrgstallised salt did not mutarotate in solution
and the recovered acid was optically inactive.

Attention was then turned to derivatives of 1:2:3:4~dibenz-
cyclooctatetraene, As reasoned above both this ecompound and all
its derivatives should be asymmetric so that the difficulty of
introducing the proper substituents does not ariss.

Rapson end Shuttleworth (41) had tried umsuccessfully to prepere
compounds of this type by condensing diphenyl-2:2'-dialdehyde
with suceinic acid and succindialdehyde: no reaction toock place.

It was thought that diphenyldialdehyde might possibly condense

_ With an acitve meéthylene compound of gfeater reactivity then
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those tried by Rapson and Shuttleworth, such as succinonitrile,
Succinonitrile will condense with benzaldehyde in the presence of
sadium ethoxide (42).

When a mixture of succinonitril]e and diphenyldialdehyde was
treafed with sodium ethoxide, howevér, the only product isolated
was phe lactone XXXII, formed by an intremosdecular Cannizzarro

reaction of the dldehyde.

XXXU ™%
co

The use of other mire weakly basic condensing agents, such as
diethylemine or pyridine, was ineffectual: no reaction occurred.

The use of acid catalysts wam contemplated, but as g result of
modek experiments with benzaldehyde and succinonitrile using

ginc chloride and acetic anhydride as cohdensing agents, when omly
hard resins were produced, the project was abandoned.

Another reaction which wag considered to hold out the possibility
of a practicable cyclooctatetrgene syntheikis wem the reaction between
an o(orr 7 methyl pyridine or quinoline and an aldehyde, producing
a styryl pyridine or quinoline, This reaction has been investigated
Knoevenagel and others (48). & 2:2'-dimethyl-~3:3'-dipyridyl might,

by comdensing with an p{-diketone,produce a cyclooctatetraene.

/‘N N
< Yeu 0:¢
TR —— Yk
s orer e



Derivatives of 3:3'-dipyridyl are rather inaccessible, but
2:2'-dimethyl=-3:3'~diquinolyl may be obtained from o-sminobenzeldehyde
end acetonylacetone (44) and this compound was accordingly
synthesised, Owing to the limited availability of o-nitro and
o~aminobenzaldehyde an attempt wes made to prepasre the
dimethyldiquinoly} via the corresponding YY-dicerboxylic acid,
obtained from acetonylacetone and isatin.

Co'Co,K CHy CH,

| —_

No pure ptodﬁct could be isolated from the action between
isstin and acetonylacetone, no doubt owing to the sensitivity of
the latter to the alkali in which the reaction was carried out, (45):
but on refluxing an alkaline solution of acetonylacetone dioxime
with isatin 2:2'~-dimethyl-3:3'-diquinolyl-4:4'-dicerboxylic acid
(XXXIII) was obtained. It proved to be a high melting solid,
campletely insoluble in all common solvents, which could be
purified only via its potessium salt, which crystallised readily
frok water. The salt, however, decomposed somewhat kn drying so
thet concordant analyses could not be obtained., The S~benzyl-
thiuronium salt was readily prepared and purified and served th
characterise the acid. This acid, however, unlike most g(orj
quinolinic acids, was difficult to decarboxylate, possibly owing

to the fact that the cerbomyl groups are sterically hindered.



Using a copper chromite catalyst a very small yield of dimethyl-
diquinolyl was obtained. -gk:‘fs- acid could not be esterifted by
either the Fischer - Speier or the silver salt meth‘ods.

Attempts to condense dimethyldiquinolyl with benzil, and with
2-carbomethoxybenzil, using acetic anhjdride as condensing agent
were unsuccessful. Dark browm solids were obtained which could not
be purified by crystallisatdon or chromatographic adsorption. The
reaction was also attempted using zinc chloride as condensing agent
whena similar result was produced. When nd condensing agent, or
when hydrochloric acid, wes used no reaction took place.

Another routs investigated wss based on the condensation of
diethyl oxaslate and phenylacetonitrile (46). Diethyl oxalate will
condense with benzyl cyanide to produce the dinitrile of diphenyl-
ketipinic acid, phenylacetic ester does not undergo this reacfion
as it more readily forms a self condensation product. It wax
intended to prepare diiododiphenylketipinicdinitrile (XXXIV) and

cyclise this by an internal Ullmann reaction.

CHy € CK co-Co- CH SN
2 rean—s Oy 0

XXXV

The dinitrile was obtained, but in such poor yield that the
ingestigation was not pressed further.
A final attempt to prepare a 1:2:3:4-dibenzcyclooctatetreene

ok
was aimedhthe. synthesis of the intermedieste XV, 2-acetyldiphenyl-



2'~acethc ester, which should on ring closure give a cyclooctadiene
ring. Rapson and Shuttleworth (41) tried unsuccessfylly to
prepere this compound by the action of copper on a mixture of

o~iodoacetophenone and o-~iodophemylecetic ester.

‘\co~cy3 COCHy ' Co-CH,
XXEV T
e CHy €O G Mg 1 H —
4 XXXV
AN T

Diphenic anhydride was treated with dimethyl cadmium (cf.

de Benneville, 47)to produce 2vacetyldiphenyl-2'~-carboxylic acid,(XQ(VI),

which was ohtained as a yellow oil wjjich crystallised after
about 7 days, it was characterised as its methyl ester and its
structure cdnfirmed by its cyclisation to 4-acetylfluoremone (XXXVIIY.
The acid chloride of XXXVI weg very uﬁstable s cyelising readily
to the acetyl fluorenone, this behawiour being characteristic
of this type of compound. The next stage of the projected synthesis
was an Arndt Eistert reaction to produce the acetic acid XXXV.
Though diazomethsane reacts with keto groupings, successful Arndt
Eistert syntheses have been cerried out on keto acids (48). On
treatment of the acid chloride of XXXV with excess diazomethane
no solid diazoketone could be isdlated. Attempts to conbert the
gums which were obtained to the ester or amide of XXXV were
unsuccessful: only oils were peoduced which could not be hydrol¥sed
to give any acid.

As, with one exception, all attempts to produce a potentially



resolvable cyclooctatetraene derivative hed faided, it was decided
to investigate one of the more ecasily obtained heterocyclic
analogues, by attempting the resolution of the condensation
product of benzil and 2:2'-diaminodiphenyl (XXXVIII). The work of
¥uhn and Goldfinger on the related compound from 2:2'~-diamino~
1:1'=dinaphthyl has elready been referred to. In the cese of the
diphenyl derivative there is no steric interference as there is
with the dinaphthyl combpound so that any esymmetry found in this
molecule could be ascribed to the non = planar nature of the

cyclooctatetraene eing.

Nyer G Hs
NFENCoH

XXXV I

This compound,like all 1:;2:3:4-dibenzcyclooctatetraenes, should
be asynmetric without the meed for any further substitutién.

Benzil and diaminodiphenyl were feadily condensed by refluxing
in acetic acid containing a trace of hydrogen chloride. This
method proved much superior to that described by Tauber (49), which
consisted in fusdng the constituents together at 160°.

Thjs compound was recrystallised from ethyl tartrate: the crystals
which separated were optically inective, insufficient material

remained in the mother liquors far polarimetric examination.
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DERIVATIVES OF 4:5-DINETHYLPHENANTHRENE

Finally some investifations were carried out on stereoisomerism
of the ¢: 5—dimetﬁylphenththrene type. It has for a considersble
number of years been realised that in a molecule such gs 4:5-
.d.imethylphenanthrene (XXXIX)there would be steric interference
between the two methyl groups, and, indeed, some workers head
conaidered that such a coimpound would be incapable of existence
(50, 51). Such a compound, s dimethylchrysene, was,however, prepared
by Newman (52), who later claimed the resolution of two derivatives
of 4:5-dimethylphenantirene, XL and XLI (53, 54). The experimental
evidence in the case of the second of these campounds seemed to
be not altogether satisfactory, but the asymmetry of the first

molecule seems to be established.

Ciy
HyC th¢ e 4
’ 16 H3c¢ i A Hy N
Hac Chy COH ¢Hical
XL

——

XL1

xxxix AL XLL

The asymmetry of these compounds may be ascribed to distortion
of the central six membered ring, or to distortion of the bonds
Joining the methyl groups to the phenanthrene nucleus. The latter
explanation is to be preferred as the absorption spectra of these
compounds definitely conform to the phenanthrene type (53).

Though Newman was apparent}y unaware of the fact, a similar

investigation had previously been carried out on this subject by
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Wittig and Stichnoth (55). They attempted to resolve 4:5-dimethyl-
bengeinnoline (XLII) via its salt with d-browocemphorsulphonkc acid,
but failed to achieve a resolutiog. It is not apparent from their
published results, howewver, whether these workers were expecting their
compound to be optically stable, in which ease they might have
feiled to detect any essymmetric transformations which might have
occurred. Newman reported that XL racemised readily at room
temperature.

Ritchie proéed to attempt the resolution of a derivative of
4:5-dimethylphenantheidine, but was unable to obtain suitable
experimental meterial for this purpose (56). |

In view of the doubt regarding the results of Wittig and Stichnoth
it was considered to be profitable to reinvestigate dimethylbenzcinnoline,
This compound, a2lso, is somewhat more accessihle than the phenenthrene,
derivatives of Newman.

The dimethylbenzcinnoline wes prepared by the method of Kenner
(57), that is by reduction of 6:6'-dinitro-2:2'-ditolyl with
sodium emalgam and alcohol. This was preferred to the electrolytic
‘reduction of Wittig and Stiohnoth as electrolytic reductions
proceed only under cerefully defined condifions which are sometimes
difficult to reproduce.

An attempt to prepare the compound by reduction of dinitroditolyl
with sodium sulphide to the corresponding azoxy campound, and
reduction of the latter to the cyclic azo compound with the

theoretical amount of stannous chlofide was unsuccessful. The azoxy
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compound was obtained, though purification was difficult as the
colipound was contaminated with unreacted starting material which
was difficult to epemove. Stannous chloride however reduced this
substance to the corresponding diamine (cf. Ullmenn, 58).

The ppssibility of preparing the compound by treating 6:6'-tetrazo-
2:2'-ditolyl with sodium arsenite (cf. Sandin and Cairns, 59)
was also investigated, intending to carry out the reaction with
opticelly active diaminoditolyl. Bell (60) has shown that in
reactions involving the replacement of the amino groups in
optically active diaminoditolyl via the tetrazo compound the
asymmetry is largely retained. The regction, however,was unsuccessful,
no dimethylbenzcinnoline could be isolated from the complex
product obtained: this reaction would only have been of use, of
course, had the dimethylbenzcinnoline been formed in a fair state
of purity since gny extensive process of purification mlght have
resulked in the logs of any 6ptical activity the material':t?:ve
possessed.

Dimethylbenzcinnoline did not crystellise from ethyl tartrate,
its solubility in all organic sdlvents was high, and on precipitating
the compound from ‘solution in ethyl tartrate it wes found to be
optically inactive.

It was therefore decided ‘to investigate the behaviour of this
bese with an optically active acid, d-camphorsulpfonic acid being
selected for this purpose.

4:5-Dimethylbenzcinnoline d-camphorsulphonate (acidibase ratio
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of 1:1) underwent a first order transformation in chloroform solution,
the rotation falling to an equilibrium value. The observed déhange
in rotation wzs quite unambiguous (0°46° over a peried of § hours).

The free base was recovered from the equilibrium mixture. In
the process of recovery, however, some oxidation always occurred,
though several methods of recovery were attempted. Consequently
the recovered base was contaminated with the brown azoxy compoymd
(X1I11), and, though it was possible to observe that the base
indeed possessed & rotation in the laevo sense which muterotated
to zepo in a few hours, it was impossible to make any measurement
of the rate of racemisation as accurate polarimetric readings were
impossible,

A convenient solvent for the crystallisation of theicamphorsulphonate
could not be found, consequently it was impossible to investigate

any second order transformations with this salt.

Hi3c¢ N->0
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EXPERIMENTAL

All polarimeter readings were made in a 2 dm tube, using mercury

green light, /\ = 5461 A° . MP's are uncorrected.

Sodium N-agetyl-N-methyl-p-toluidine=-3-sulphonate.
N=Methyl-p=toluidine was prepared by the method of Halberkaan
(81).
The acetyl derivative of the methyl-p-toluidine was sulphonated
by the method of Mills and Kelham (12) and the pooduct acetylated.
The hydrated salt melted at 83 - 88°, the anhydrous decompos@dd

at 275 - 280°,

Sodium N-acetyl=-N-methyl-p-toluidine-3-sulphonate in ethyl d-tartrgte.-
The sdlt (2 gms) was dissolved in ethyl tartrate (5 ce} by

heating., After being allowed to stand for 5 hours at room

temperatures the salt was frecipitated by the addition of moist

ether (if dry ether were used difficulty was experienced in obteining

a solid precipitate).‘ The precipitate, which was very retentive of

ethyl tartrate was extracted with ether in a Soxhlet apparstus,

filtered, dried in vacuo and examined polerimetrically.

Solution of 1°627 gm in 15 cc water, 18°%c.

Rotation| - 0°08° - 0°07° ~ 0°06° - 0°05° - 0°04° - 0°0g° - 0°00°

Time 10 pin. 26 44 132 160 308 >0

S
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Sodium N-acetyl-N-methyl-p-toluidine-S-sulphonate in d-sed. butyl
alcohol,

The salt (2 gms) was recrystallised from moist d-sec. butyl alcohdl
(7°5 cc), the selt was insoluble in the dry alcohol. The crystals
which separated were dried at the pump and washed with ether (120 cc)
in six portions, the salt formed white needles of the dihydrate, MP 84°.
vose

Solution of 1°563 gm in 15 cc water, 18°c, the rotation feii—

from - 0*°0B° to zero in about 5 hours.

ind €
Sodium N-acetyl-N-methyl-p-toluidine-3-sulphonate in drsec. octyl
alcohol.

The selt (2gms) was recrystallised from l-sec. octyl alechol (60 cc)
care being taken not ti heat the solution above 100° since at
higher temperatures the sd.t was dehydrated and rendered insoluble.
Some of the salt which did not dissolve in the alcohol was filtered
off and the filtrate allowed to crystellise. The crystals were
filtered, washed thoroughly with wthee and dried in vacuo, MP 84°.
Solution of 0°527 gm in 15 cc water, 14°c, the rotation rose

from - 0°04° to gero in 4 hours.

The experiment was repeated using the d alcohol. In this cese
no rotation was detected in the crystals: solution of 0°583 gm in

1E cc water.

NrAcetyl-N-methyl-2-amino-4':5dimethyldiphenylsulphone.
This compound was prepered by the method of Halberksan (61).

The melting point found (268°) was substentially higher than that
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quoted by Halberkasn (138°) and the constitution of the preparation
obtained was confirmed by analysis. (Found: C, 64°45; H, 5°82.
Calculated for Cy,H 9@y NS @, 64°35; H, 6°00 7).
N-Acetyl-N-methyl-2-samino-4" 5-dimethyldiphenylsulphne in ethyl

d-tartrate.
a). The sulphone (5 gms) was dissolved in ethyl tartrate (10 cc).
After standing at room temperature fot 5 hours the sulphone was
precipitated by addition of water, filtered, weshed with water and

dried in wveacuo,

Solution of 1°336 gm in 15 cc chloroform, 17°7°c.

Rotation ~0°2° -0°18° -0°15° =0°13° ~0°12° -0°*10° -0°08°

Time (min.)| 9 14 23 29 32 37 45

Rotation ~Q°Q7° =0°05° =0°03° =0°02° «(0°*00°

Time (min, )| 48 56 70 80 120

b). The sulphone (5 gms) was recrystallised from ethyl tertrete

(7 cc). After stending at room temperature for 14 days the crystels
were cerefully drained free of ethyl tartrate as far as possible,
washed with a little alcohol, then washed thoroughly with wadér and
dried in vacuo. It was essential not to scratch or in an;:;gitate

the crystalé while still in contact with ethyl tartrate as this caused
precipitation of leevo rotatory materisl from the ethyl tartrate

mother liquors. The material still remeining in the mother liggors

was precipitated and teeated as in a) above,



Crystels: solution of 2°C34 gm in 15 cc chloroform, 17°c.

Rotation + 0°17° & (0°16° 4 0°14° 4 0Q°12° & 0°10°

Time (min) 14 19 26 a1 27

Rotation + 0°09° 4 0°07° & 0°06° 4+ 0°00°

Time (min) 43 48 52 oD

Precipitate: solution of 1°271 gm in 1§ cc chloroform, 16°c.

Rotation - 0°15° - 0°14° - 0°13° - 0*11° - (Q*10°

Time (min) 7 11 14 20 24

Rotation - 0°08° - 0°07° = 0°04° 0°00°
oD

Time (min) 29 34 45

Effect of tempersture éhanges: high temperatures.

A solution of the sulphone (5 gms) in ethyl tertrate (7 cc) was
allowed to crystallise at 84° for 5 days, the crystals were filtered
and washed with the same precautions as before.

Solution of 1°84 gm in 15 cc chloroform, 18°c, had rotation
+ 0°1°(5 minutes after wetting).

Solutions of the sulphone (2 gms) in ethyl tertrate (5 cc) were
maintained at 42° and at 84° for several hours, water was then added
to precipitate the solute which was fiktered, washed and dried.

42° sample: E*Jn.= - 0°56° (7 minutes after wetting, ¢ = 11 }»

"
84° sample: [¢] = - 0°91°( 4 minutes after wetting, ¢ = 12),

Low temperatures.
Solutions of the sulphone (1°5 gms) in ethyl tertrite (15 cc)

54,
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were allowed to stand at room temperature for 24 hours and were then
cooled to - 10° to = 15° in a freezing mixture (ice and 66 %
sulphurdec acid), end meinteined there for 4 hours. The solute was

then recovered by precipitation with water in the ususl way.

1) [#3% = 4+ 0°3° ( 10 minutes after wetting, ¢ = 10)
2) [¢)"Y =0°0° ( 4 minutes after wetting, ¢ = 5 )
3) [d.]" == 0°7° (5 minutes after wetting, c = 9 )

These experiments were eepeated coeling the samples to 0° in

an ice bath for 5 hours the rest of the procedure being as abowe.

1) [«)"
2% L:]lf

]

- 0°4° ( 9 minutes after wetting, c = 7)r
- 0°1° (15 minutes after wetting, c = 9).

N-Acetyl-N-methyl-2-amino—4"':5-dimethyldiphenylsulphone in
l-menthyl acetate.

The sulphone (3 gms) wes crystallised from l-menthyl acetate (20 cc).
The crystals were filtered,and washed free as far as possible from
menthyl ecetate with cold methanol and dried.

The rotation of a solution of 1°03 gms in 15 cc chloroform fell
from + 0°08° to - 0°10° in 80 minutes. The final laevo rotation was
presumably due to menthyl acetate which had not been completely
renoved from the crystals.
N-Acetyl-N-methyl-2-amino-4"':5~-dimethyldiphenglsulphone in

4 and 1 sec. octyl slcohols.

the sulphone (3 gms) was recrystallised from bbth d and 1
seB, octyl alcohols (10 cc), in each case the crystals which
separated, representing almost the whole of the solute, were

optically inactive: solution of approx. 2 gm in 15 cc chloroform.



Q—Metxl-ﬂ-ﬁgtm-g-m—g ':5~-dimethyldiphenylsulphone,
Was prepered in the sawe way as the N-methyl compound. It

crystallised from alcohol in white needles, MP 144 - 145°,
N-Acetyl-N-ethyl-2-amino-4':5-dimethyldiphenylsulphone in ethyl
d-tartrate .
The sulphone (5 gm) was recrystallised from ethyl tartrate (10 cc).
The crystals which separated were dextro rotatory, the material

remaining in the mother liquors laevo rotatory.

Crystals: solution of 1°8164 gm in 15 cc chloroform, 22°c.

Rotetion |+ 0°11° 4 0°10° w 0°09° + 0°06° + 0°05° + 0°00° |

Time (min) 13 60 120 360 480 oD

Precipitate: solution of 1°254 gm in 15 cc chloroform, 20°c.

Roteation - 0°08° - 0°06° = 0°05° - 0°04° - 0°00°

Pime (min) 7 120 240 380 o

A solution of the sulphone (3 gm) in ethyl yartrate (15 cc)
was allowed to stand at room temperature for 5 days, the solute

was then recovered by precipitation with water,

Solution of 1°5177 gm in 15 oc chloroform, 20°c.

Rotation - 0°08° = 0°07° - 0°05° = 0°04° - 0°00°

Time (min)| 4 60 220 350 =0
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Substituted N-acetyl-N-alkyl-2-smino-4'-methyldiphenylsulphones.

The p-toluenesulphonyl derivatives of p-methoxy, p-chloro and
p~bromo N-methyl and N-ethyl enilines were all prepared by the normal
methods. Rearrangement to the o-aminosulfhones was carried byt by
heating at 100° with en equel weight of 96 % sulphuric acid for

2 hours, on cooling and pouring into water the sulphones were

precipiteted.

Methoxy compounds.
N-p-toluenesulphonyl-N-methyl-p-anisidine, prisms from alcohol,

MP 70 - 72°, gave N-methyl-2-amino-5-methoxy-4'-methyldiphenylsulphone,
MP 150°, in 40 % yield. The acetyl derivative orystaliised fram

alcohol in prisms, MP 137 - 138°,

N-p~toluenesulphogyl-N-ethyl-p~enisidim®, prisms from alcohol,
MP 94°, gave in 50 % yield N-ethyl-2-smino-5-methoxy-4'-methyl-
diphenylsulphkme, prisms from slcohol, MP 94°.
(Found:C, 63°13; H, 6°28; N, 4°84. CyoHy90yNS Trequires C, 62°95; H,6°25;
N, 4°59 %). | |
N-acetyl-N-ethyl-2-amino~5-methoxy-4"-methyldiphenylsulphone, prisms
from aicohol, MP 145°, (Found: C, 63°04; H, 6°11; N, 4°26.

CraHg104NS reqiiires C, 63°11; H, 6°04; N, 4°02 %).

Chloro colpounds.
N-p-toluenesulphonyl-N=methyl-p~chloraniline, thick needles from

alcohol, MP 94 -95° gave in 10 % yield N-methyl-2-emino-8-chloro-
4'-methyldiphenylgulphgne. smell needles MP 155°
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(Found: C, 57°11; H, 4°82; N, 5°13, Ca4H1403NOLS requires
C, 56°87; H, 4°74; N, 4°74 %).
N-agetyl-N-methyl-2-amino~6~chloro-4'-methyldiphenylsulphone, needles
from alcohol, NP 159°. (Found: C, 57°03; H,4°69; N,4°44. C;e¢H;e0s NC1S

requires C, 56°89; H, 4°74; N, 4°15 %).

N-p-toluenesulphonyl=N~ethyl-p-chloraniline, needles from alcohol
KP 104°, geve in 15 % yield N-ethyl-2-amino-5-chloro-4'-methyl-
diphenylsulphone, needles from alcohol, MP i56°.

(Found: @, 58°1; H, 5°13; N, 4°79. CpsH;¢05NC1S requires C, 58°18;
H, 5°17; N, 4°73 %).
N-Acetyl-N-ethyl-2-amino-5-chloro=4'-methyldiphenylsulphone, small
plates from elcohol, MP 153°. (Found: C, 58°05; H, 5°42; N, 3°67.

C17H16 03 NC1S requires C, 58°02; H, 5¢12; N, 3°96 %).

Bromo compounds.
N-p=-toluenesulphonyl=N-me thyl-p~bromaniline, prisms from methanol,

MP 80°, gawe in 6 % yield N-mehhyl-2-gmino-5-bromo-4'-methyl-
diphenylsulphone, needles from alcohol, MP 160 - 161°,

(Pound, G, 49°98; H, 4°27. C;4H;14OgNBrS requires Cj,49°7; H, 4*15 %).
N-Acetyl-N-methyl=2-amino-5-bramo-4'~methyldiphenylsulphone, white
needles from alcohol, MP 173°. (Found: C, 50°11) H, 4°28,

C1eH1 Oy NBX'S requires C, 50°3; H, 4°22 %).

Nep-toluenesulphonyl=N-ethyl-p-bromaniline, elongated prisms

from alcohol, MP 90°, gave in 25 % yield N-ethyl-2=-amino~5-bromo-

i'-met_}_gldiggcmulghone, needles from alcohol, MP 141 °.
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(Found: 6, 50°92; H, 4°79. C15H;03NBrS tequires C, 50°9; H, 4°55 %).
N-Acetyl-N-ethyl-2-amino-5-bromo-4'-methyldiphenylsulphone, needles
from e}cohol, MP 143 -144°, (Found: Cj 51°5) H, 4°64. Cy,H;e0s NErS
requires C, 51°58 H, 4°58 %). |

N-Acetyl-N-shethyl=2=emino-S-methoxy-4'-methyldiphenylsulphone in
ethyl d-tartrate.

The sulphone (3 gms) was crystallised from ethyl tartrate (7 cc).

Crystals: solution of 0°432 gm in 15 cc chloroform, 21°c.

[ Rotation | - 0°10° = 0°09° - 0*08° = 0*06° - 0°05°
Time (min) 4 15 20 35 45
Rotation | - 0°03° - 0°02° 0°00°
Time (min)} 80 120 e /

Precipitate: solution of 0°9616 gms in 15 ec chloroform, 20°c.

Rotation | - 0°11° - 0°10° - 0°08° - 0°08° - 0°06°|

Time (min) 4 8 25 30 40

Rotation - 0°05° - 0*04° = 0°02° 0°00°

Time (min) 50 70 120

The sulphone (1 gm) was dissolved in ethyl tartrate (10 cc).
After geveral days it was precipitated by addition of water,
Solution of 0°7458 gms in 15 cc chloroform, 20°c, had rotation
= 0°08° fising to zero.
N-Acetyl-N-ethyl=2-amino-5-methoxy-4'-methyldivhenylsulphone

in ethyl d-tartrate.

The sulphone (3 gms)was crystallised from ethyl tartrate (6 cc).



Crystals: solution of 0°4944 gms in 15 cc chloroform, 19°c, had

rotation + 0'05" felling to zero over a period of a few hours.

Precipitate: solution of 1°065 gms in 15 cc chloroform j 18°c.

Rotstion | + 0°10° 4 0°09° 4+ 0°06°  0°00°
200 o2

Time (min)| 8 50

N-hcetyl-N-methyl-2-amino-5-chloro-4'=methyldiphenylsulphone in
ethyl d-tartrate.

The sulphone (2 gme) wes recyystallised from ethyl tartrate (9 cec).

Crystals: solution of 1°0776 gs in IF cc chloroforim, 22%c.

e

Rotation - 0°20° ~ 0°15° - 0*09° - Q*08° = 0°04°

Time (min) 4 5 6 10 12

Rotation - 0°03° - 0*02° (Q°00°

Time (min) 14 15 19

Precipitate: golution of 0°9746 gms in 15 cc chloroform, 22°c.

Rotation - 0°10° « 0°08° = 0*06° - 0°C3° = 0°02° 0°0C°

| Tike (min) 4 . 6 9 13 15 18

The sulphone (1 gm) was dissolved in cfhyl tartrate (10 cc),
after 24 hours the solute was recovered in the usual way.
Solution of 0°9547 gm in 15 c¢c chloroform, 212c, had an initidd
rotation of » 0°04°.

N-Acetyl-Neethyl-2-amino-5-chloro-4'-nethyldiohenylsulohone in
ethyl d-tartrate.

The sulphone (3 gm ) wzs crystallised from ethyl tertrate (S cc).
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Cyystals: solution of 0°9584 gms in 15 cc chloroform, 20°c; had

no rotation,

Precipitate: solution of 0°7558 gms in 15 cc chloroform, 20°c,

Rotetion + 0°14° 4 0°12° & 0°11° 4 0°09° + 0°08° + 0°06°  0°Q0°

Time (min) 18 60 90 150 180 300

The sulphone (1gm) wzs dissolved in ethyl tartrate (10 cc),and
recovered after several days.

Sollution of 0°$368 gus in 15 cc chloroform, 20°c.

Rotation + 0°16° 4 0°12° & 0°10° 4+ Q°07° 0Q°QC°
o0

Time (min) 18 80 150 300

N-Acetyl~N- ethyl~-2-emino=-5-bromo—4'-methyldiphenylsulphone in
ethyl d-tertrate,

The sulphone (2 gms) was crystallised from ethyl tartrate (5 cc).

Crystals: solution of 0°720 gms in 15 ec chloroform, 15°c.

Rotation - 0°13° = 0°11° ~ 0°09° - 0°*07° - 0°06°

Time (min)| 5 10 20 30 35

Rotation - 0°05° = 0°02° - 0°00°

Time (min) 45 74 135

PreciPitate: solution of 0°750 gms in 15 cc chloroform, 15°c,
The rotation fell frolm + 0°12° 4 0°04° to zero in 2 = 3 hours,
owing to the presence of coloured impurities in the solution no

rate measurements could be made,



N-p-toluenesulphonyl-N-methyl-p-nitraniline, formed pale yellow
prisms from dioxan,MP 178°. On warming with 96 % sulphuric acid at

100° for 1 hour it was quantitatively converted to N-methyl-p~
nitraniline,

Attempted preparstion of N-methyl-2-amino-S-nitro-4'-methyldiphenyl-
Bdlvhone.

N-Acetyl-N-methyl-p-nitraniline (3°64 gm) in carbon disulphide
(30 cc) was mixed with powdered aluminium chloride (3 gms) and
p~toluenesulphonyl chloride (4 gms) added at 0° with stirring. The
mixture was heated at 50° on the water bath for 2 = 3 hours without
reaction ocourring. It was possible to separate both reactants

from the cooled reaction mixture, no other material was found in it.

2-Chloro-5-nitrobenzenesulphonic sgid, (cf. Ullmenn and Juntzel, 77).

p~Chloronitrobenzene (160 gms) was stirred mechenically with 20 %

oleum (200 cc) end heated in an oil bath at 140 =~ 145° (thermometer.

in flagk) for 5 hours. The codled reaction mass was poured on

crushed ice (500 gms) and the crude sulphonic acid filtered off.

It was crystallised from hydrochloric acid solution, yield 200 gus.,.
The sulphényl chloride was prepared via the potassiﬁm salt, it

crystallised from light petroleum in colourless needles, MP 90°.

Attempted preparation of 2-chloro-5-nitro-4'-methyldiphenylsulohone.

2-Chloro-5-nitrobenzenesulphonyl chloride (2°56 gms) was
dissolved in pure dry toluene (7 cc) and finely powdered enhydrpus
eluwminium chloride ( 1°4 gms) added in one portion, a deep red

colour devedoped. The solution was warmed gently on the steam bath

62.
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for 4 hours while hydrogen chloride was evolved. The cooled reaction
product was dgoompoSed with ice and hydrochloric acid and the
toluene layer sdparsted. No pure material could be sép&ratei from
it however,

If the reaction was‘earried out in nitrobenzene at room temperature,
or the aluminium cjloride repleced by stannic chloride (1°5cc),

the chloronitrobenzenesulphonyl chloride could be recovered unchanged.

2-Chloro~5~nitrebenzenesulohonanilide, was prepared from the

sulphonyl chloride (20°3 gms), eniline (9°3 gms) and pyridine (50 cc).
It crystallised from acetic acid in smell colourless needles, MP 168°,
(Found: C, 46°16 H, 2°79; N, 8083. CyaHeO.N;ClS requires C, 46°2;

H, 2°89; N, 8°88 %).

2-(N-methylamino)~-5-nitrobenzenesulvhonanilige, 2-Chloro-5-nitro-

benzenesulphonenilide (20 gms), methylamine hydrochloride (11°5 gms)
and potassium cerbonate (10 gms) were dissolved in alcohod (200 cc)
and water (20 cc). The whole was boiled for 48 hours, carbon dioxide
was evolved steadily. On cooling lemon yellow Prisms were deposited
mixed with methylamine hydrochloride. They were filtered off,
washed with water to remove methylamine hydroch}oride and
recrystallised from alcohol (150 cc) » MP 167°.

(Found:C, 50°95; H, 4°45; N, 13°81. C34H130,N;S requires C, 50°7;

H, 4°243 N, 13°7 %).

N-acetyl-N-methyl-2-amino-5-nitrobenzenesulphonanilide, colourless

prisms from dioxsn, MP 220 - 222°, (Found® C, 51°83; H, 4°36;
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N, 12°16. CysHys0s S requires C, 51°63H, 4°29; N, 12°03 %).

N-Acetyl-N-gethyl-2-amino-5-nitrobenzenesulphonsnilide in ethyl
d-tartrate.

The anilide (2 gms) was crystallised from ethyl tartrate (10 cc).
Solution of 0°1945 gms of the cxystals in 15 cc dioxan, 18°c,

rotation = 0°00°,

2-Chlore-5-nitrobenzenesulphon-2'-chloranilide, prepered from

the sulphonyl chloride (12°8 gms), o-chloraniline (6°4 gms) and
pyridine (30 cc).Colourless plates from afcohol, MP 171°,

(Found: C, 41°67; H, 2°43; N, 8°4. C33Ha0,N;Cly8 requireg C, 41°5}

H, 2°3; N, 8°1 %).
2-{¥-methylemino)-5~nitrobenzenesulphon-2'-chlorenilide. The above
enilide (11 gm), methylamine hydrochjoride (5 gms) and potassium
carbogate (4°6 gms) were refluxed in 80 % alcohol (200 cc) for

48 houes. The product formed pale yellow prisms from alcohol, MP 197°,
(Found: C, 46°855 H, 3°36) N, 12°44. Cy4H;30,MC1S wequires G, 46°65;

H, 3°513 N, 12°3 %).

N-Aketyl-N-methyl-2-smino~5-nitrobenzenesulphon=2'-chlorenilide.

Colourless prisms fron acetic acid, MP-&%Q.(Analysis results are
not availabje for this campound but there is little doubt of its

constitution as the acetyl derivetive of the above amine)

N-Acety: —N-meggxl-2-mnino-5-mtrobenzenesulnhom-2'—chloranlllde in
ethyl d-tertrate.

The anilide (4 gms) was crystallised from ethyl tartrate (10 cc).
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Crystdls: solution of 0°921 gms in 15 cc dioxan, 18°c, rotation = 0°0Q°,

Compounds of type g $0; NH-CylyY
No,

Several compounds of this type were prepared where R = Cl,
GgMpMNy NHCH; or N(CHg )COCHs. They were not enelysed,with the
exception of those compounds selected for further experiment but by
anelogy with these compounds, which have been described sbove, the
structures of the other compounds in the group may be assumed to

be correct. The melting points of all thess compounds are tabulated

here,
Y R=Cl R = NHCH, R = N(CHg )COCH,
o-Cl 171° 197° 175°
p-Cl 185° 204° 214°
o~CHg 174° 157° 174°
p-CH, 173° 192° 152°
0=0CH, 164° 203° 237°
p~0CH, 148° 198° 207°
H 168° 167° 222°

N-Acetyl-N-methyl-p-nitraniline was prepared by the method of Morgan

end Grist (62).

Sodium N-acetyl-N-methyl-p-nitraniline-2-sulphonate. Dry N-acetyl-
N-methyl-p-nitraniline (21°6 gms) was thoroughly mixed with
chlorosulphonic ecid (13 gms). The mixture was heated to 120° in
an o0il bath end the temperature sllowed to rise to 138° over a
period of 30 minutes, stirring continuously with the thermometer.

The temperature was maintained at 138° for 4 hours stirring being
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continued til#the reaction mass became so viscous as to render it
impossible. The mass was allowed to cool and dissolved in cold water
(50 cc). After filtering from N—methyl-p—nitraniliﬁe the aqueous
solution was boiled with chercoal and evaporated to dryness. The
residue was extracted with 95 % alcohol (120 cc), sodium sulphate
filtered off and the filtrate on cooling,deposited yellow needles

of sodium N-methyl-p-nitraniline-2-sulphonate sesquihydrate.

(Found: C, 29°99; H, 3°78, C,H,0sNgSNa 1°5Hg0 requires C, 29°90; H,3°56%).

Sodium N-acetyl-N-methyl-p-nitraniline-2-sulphonaté¢., The above

saelt (7 gms) was heated with acetic anhydride (5°5 cc) at 120° for
1*5 hours. The cold product was triturated with ether, ground up and
extracted with ether &n a Soxhlet epparatus till free from acetic
enhydride. It was then rearystallised from alcohol (35 cc) as white
needles of the hydrated salt and dehydrated at 100°.

(Found:C, 36°33; H, 3°17; N, 9°49° CoHoOalNzSNa requires C, 36°5;

H, 3°04; N, 9°46 %).

1-Brucine N-acetyl-N-methyl-p-nitreniline=2-gulphonate. The sodium
salt (1°5 gms) in water (4 oc) was treated with a solution of brucine
(2°3 gms) in water (10 cc) containing acetic acid (0°41 gms). The
solution immediately became a ddep red colour end on standing the
b;ugine salt separated. (Found: C, 57°37; H, 5°50; N, 8°86.

CsaHe 4020, S Tequires C,57°4; H, 5°42 N, 8°42 %).

Attempted resolution via brucine salt. The salt was recrystallised

from water, elcohol, in which it was sparingly soluble, and from



nitrobenzene (readily soluble). The rotation in each case was zero.
No change in rotation occurred on furthercrystallisation from
water, no mutarotation occurred. The salt was allowed to crystallise
from water at 48°, the selt was optically inactive.
& saturated solution of the brucine salt in chloroform was treated
with the theoretical quantity of alcoholic sodiwm ethoxide at 0°,
after a few minufes stirring the sodium salt separgted. It was

opticelly inactive,

Quinidine N-acetyl-N-methyl-p-nitraniline=2-sulphonate. 4 solution
of the sodium salt (8°68 gms) in water (35 cc) was mixed with a
solution of quinidine ($°72 gms) in water (25 cc) containing acetic
acid (1°8 gms).A ykllow viscous 0il was precipitated immediately.

The o0il was left in contact with the aqueous: mother liquors,

67.

evaporai:ion being vrevented, Aféer a fortnight the oil had crystallised

campletely giving very pale yellow prisms of the guinidine sglit, yield

10 gms. This salt was extremely soluble in most organic solvents
except light petroleum, and separated from solutions as a viscous
oil which crystallised in contact with water. It crystallised in

présms from ethyl acetate.

Attempted resolution via the gquipidine selt.The selt (5 gms) of
specific rotation + 210'5°, was recrystallised from ‘ethyl acetete

giving 3°05 gme of pele yeldow prisms, [ct]n = 4+ 210°5° (c = 2°¢ in
chloroform)

No mutarotation wes observed with these solutions. A solution of
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the quinidine salt (2°3841 gus ) in chloroform (50 cc) was extracted
with dilute ammonium hydroxide (15 cc). The aqueous leyer was
separated, extracted Wit{nfghlorofom (75 cc) in three portions gnd
Sojvlien

filtered. The resulting,of the ammonium salt was optically inactive

and displayed no mutarotation,

N-p-toluenesulphonyl-N-methyl-m-toluidine was prepared from
‘N—p—toluensulphonyl-mftoluidine (60 gms) equecus sodium hydroxide
(9°2 gms in 300 cc of water) end dimethyl sulphate (30 gms). It
crystallised from alcohol in white prisms, ME 62°.0n treatment with
9% % sulphgric acid at 100° for 1 hour the sole product wes N-methyl-

m=toluidine, identified as its acetyl derivative MP 66°.

.lj_-_'g-toiuenesulnh@xl-ﬁ-—_e_m]_.-g—chloraniline.Preparea from p-toluenesulphonyl=-
m~chloraniline (67 gms) sodium hydroxide (10 gms in 250 cc water)

and disethyl sulphate (38 gms),It orystallised from alcohol in white,
needles, MP 69°. Treatment with 96 % sulphuric scid et 100° for 1

hour converted it campletely to N-ethyl=m=chloraniline,

N-p-toluenesulphonyl-N-methylaniline, white prisms from aleohol,

MP 95°,
¥Witt reerrangement with N-p-toluenesulphonyl-N-methylaniline.On werming

the compound with an equ..]lweight of 96 % sulphuric acid at 100° for
1 hour & small yield (1 %) of e gulphone was obteined, it crystallised
in needles from alcohol, MP 139°. The gcetyl derivatiwe formed

swall white prisms from methenol,MP 114 -116°, depressed on



69.

admixture with N-agetyl-N-methyl-2-emino-4'-methyldipheny}sulphone.

N-Acetyl-N-methyl-2-smino-4'-methyldiphenydsulphone end its 4-gubstituted
derivatives.

The genfyal procedure wa#as follows: the appropriate
o~nitrohalogeno compound(i mol) was dissolved in hot alcohol and
treated whth an aqueous alcoholic solution of p-thiocresol &1 mol)
end sodium hydroxide (1 m#l), After a few minutes refluxing the

solution was allowed to cool when it deposited orystals of the thioether.

Oxidation of f{hioether.The thjoethers were oxidised with excess
hydrogen pei‘oxide 5 cc per grem of thioether) in acetic acid at

100° the hydrogen peréxide bedng added over a period of 1 hour,

Reduction of nitro group,The nitrosulphone (1 mol) was added in
portions to a hot solution of pure stannous chloride in hydrochloric
acid (2 mols stannous chlofide in 6 mols acid) with good sheking.
The mixture was then warmed on the steam bath for a further 30
minutes, cooled and diluted with wajer. The precipitated base

was filtered off and recrysfallised. The reduction of halogen
substituted campounds was carried out below 50° and the reaction
mixture allowed to stand at roam tempeérature for 30 minutes instead

of being heated on the water bath,

Methyletion. The acetylamine (1 mol) was added to a 5 % alcoholic
sodium ethoxide solution (1 mol) and warmed for a few minutes on

the steam beth. In some cgses a crystalline sodio derivative
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seperated, Freshly distilled acid free dimethyl sulphate (1 mol)
was then added to the cooled sodium salt and the whole cautiously
warmed till a clear solution was obtained., After a fe:i::“gelatinous
precipitate of sodium sulphate separated with vigorous boiling.
The reaction wés completed with an hours warming on the steam bath.
On pouring the reaction mixture into water the awetylimethylamine was
precipitated and could be fiitered off. The halogen substituted
campounds were contaminated with highly coloured impurities, these

foomed separate crystals on recrystallisation and could be

geparated mechanically,

2-nitro~4'-methyldiphenylsulphide: fine orange ngelles from acetic
acid, MP 118°,

2=nitro-4'-methyldiphenylsulphone, white needles from acetic acid MP 158°,
2-amino~4'-methyldiphenglsulphone, white needles from methenol MP 117°,
F-p-toluenesulphonyl-2-smino-4'-methyldiphenylsulplione needles from
acktic acid, MP145°. (Not analysed.)

N-acetyl2=amino-4 '-methyldiphenylsulphone prisms from alcohol MP 128°,
N-p~toluenesulphonyl-N-methyl=2-smino-4 '~methyldiphenylsulphone,
needles from methanol, MP 132°., (Not snalysed).
N-soe¥y]-N-netiyl-2-snino-4 '-methyldi shenylsulphone , prisus from
alcohol MP 121°, (Found: C, 63°54) H, 5°01. CeHi170sNS Pequires

C, 63°4; H, 5°3 %),

N-acetyl-N-methyl=2-smino-4 '-methyldiphenylsulphone in ethyl d-tartrate.
The sulpfone (2 gms) was crystallised from ethyl tartrate (5 cc)
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Crystels: solutionof @°2 gms in 15 cc chloroform, 20°,
rotation = 0°00°
Precipitate: solution of 0°398 gms in 15 cc chloroform, 20° ,

rotation = 0°00°,

Z-nitro-p-toluidindwas prepared by the method of Noyes (83). 1t
arystallised from alcohod in dark red plates, MP 117°,

S-nitro-4~bramotoluene. Crystallised in needles from alcohol, MP 34°,

2=nitro4:4'-dimethyldiphenylsulphide, flat yellow needles or plates
from alconol, MP 118°,
2=nitro-4:4'=~dimethyldiphenylsulphone, needles from alcohol, MP 114°.
2-gmino~4:4'-dimethyldiphenylsulphone,thick needles from metha.nol
MP 143°.
N=acetyl-2=amino-4:4'=dimethyldiphenylsulpfione, needles from alcohol
- MP 121°,
N-acetyl-N-methyl-2~amino-4:4'-dimethyldiphenylsulphond, needles
from alcohol, MP 161°, (Found: C, 64°47; H, 5°71; N, 4°'%7.
Ci7H1 904 NS requires C, 64°37; H, 6¢03; N, 4°47 %).
N-acdtyl-N-methyl-2-gmino-4:4'-dimethyldiphenylsulphone in
ethyl d-tartrate.

A solution of the sulphone (2gms) in ethyl tartrate (15 cc) was

allowed to stand at room temperature for a few days and the solute

recovered by precipitation with water.

Precipitate: solution of(0°63 gms in 15 cc chloroform, 18°c,

rotation = 0°00°.



3=Nitro-p-anisidine.Dry finely powdered N-acetyl-p-anisidine (30 gms)

wes added in portions to 12 % nitric acid which had been warmed

to 40° on the water bath. The acetylenisidine dissolved after a
short time at 40°, heating was discontinued end the mixture well
shaken. In a few minutes the nitration product commenced to
separate and some heat was evolved, the temperature was “emcw
maintained below 50° by cooling under the tap. When the teiperature
showed no further tendency to rise the mixture was left at room
temperature for a further hour and then diluted with an equal
volume of water. The crystalline orange precipitate was filtered
off and freed from acid by thorough washing with water. The crude
nitration product wes dissolved in hot methanol (250 cc) and agueous
potassium hydroxide (16 gms in 256c water) added s}owly to the hot

solution, the colour became daerk red and the base began to

cryspellise almost immediately. After cooling the 3~nitro-p-anisidine
red

was filtered off, it formed bright prisms, MP 122°, Yield 28 gus.

72,

S-Nitro-4-chloroanisole. The above amine (25°5 gms) in 10N hydrochloric

acid (150 cc) and water (200 cc) waes diazotised by the addition at
0° of & solution of sodium nitrite (11 gms) in water (20 oc). The
diezo solution was added to a solution of cuprous chloride (35 gms)
in 10 N hydrochloricageid (200 cc) at 50° and warmed for an hour on
the steem bath. The nitrochloroanisole crystallised on cooling,

was filtered off and eecrystallised from methanol as yellow needles

MP 45°,
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_2'-'-_:[\{_:i.rtco--ﬁe_--mctholvgy--é'.’,r methyldiphenylsulphide, orange prisms from
methanol, M 96°. (F;und: C, 61°32; H, 4°6. C1,H1903VS requires
C, 61°1; H, 4'76 7).

2-Nitro-4~methoxy-4'-methyldiphenylsulphone, fine white needles
from slcohol, MP 126 = 127°, (Found: C, 54°8; H, 4°22. C;4H1a0sNS

requires C, 54°783 H, 4°27 7).

2-andino-4~methoxy-4'-nmethyldihenyisulphone, small white needles
from benzene, MP 153°. (Found: C, 60°73; H, 5%°48. C;4H1s03NS
requires G, 60°7; H, 5°%6 %),

N-fcetyl-2-anino-4-methoxy-4 'epethyldi ohenylsulohone, needles

from alcohol, & 115°, (Lo :";; Anzlysis results are not available
for this colupound).

N-Acetyl-N-uethyl-2=amino-4~methoxy-4"'=-methyldiohenylsudphone, prisms
& ik £ S 4 .SUSDNONC,

from methanol, MP 147°., (Foumd: C, 61°27; H, 5°82) N, 4°4.

C17H1994NS requires C, 61°3; H, 5°75; N, 4°21 %).

£:5-Dichloronitrobenzene. p-Dichlorobenzene (50 gmsj was suspended
in 96 & sulphuric acid (75 ce) and funing nitric acid (25 cc) added
with shaking, The mixture was heated on the steam bath to 40°

when the dichlorobenzene b¥eme molten and en exothermic reaction
took place: the temperature was maintained at 45 - 50° by cooling
under the tap. After the reaction had subsided the mixture was
heated to 50°von the steam bath for a few minutesg and left for an
hour at room temperature, thc.orga.nic layer hed resoli;iified in the

course of the reaction. The acid was diluted with water,the nitro



compound filtered; washed théroughly and crystellised from acetic

acid, prisms MP 64°. Yield 84 gms.

2=nitro-4~chloro-4'-methyldiphenylsulphide, orange prisms from
acetio acid, MP 121°,
" genitro-4-chloro=4'~methyldiphenylsulphone, fine white meedles
from alcohol, MP 124°

2-amdgio=4-chloro-4'-methyldivhenylsulvhone, white platelets from

alcohol, kP 137°. (Found: C, 55°6; H, 4°29. CygH1303NC1S requires

C, 55°43 H, 4°29 %).

_Ii-éce tyl-2=amino-4-chloro-4"'-methyldivhenylsylohone,needles from
methanol, MP 129°. (Found: C, 55°783 H, 4°25. CygHj (03 NC1S

requires C, 55°69; H, 4°36 /1),

N-pcetyl-N-methyl-2-amino-4~chloro-4'-methyldiphenylsulohone, white

prisms from acetic acid, MP 175°. (Found: C, 57°12) H, 2°55;

N, 4°26. CpeHya0sNCLS requires C, 56°9; H, 4°78; N, 4°15 %).

N-Agetyl-N-methyl-2-amino-4~chloro~4'~-meth y1di lsulvhone in
ethyl d-tartrate.

A sodution of the sulphone (2 gms) in ethyl tartrate (15 cc)
was allowed to stand for a few days at room temperature and the
sulphone recovered by precipitation with water.

Solution of 1°479 gms in 15 oc chloroform, 19°c, rotation = 0°00°,

74,

2_=§4Dibranonitrobenzene,‘ was prepared in the sgme way e»: the dichloro

campound, e higher reaction temperature wes required. The mixture

was heated to 55° when resction set in, and maintained thereafter,



by cooling, at 60 = 62°, The product crystallised from acetic acid

in white needles, WP 84°, Yield 53 gms.

2-nitro-4-bramo-4'-methyldivhenylswlphide, elongated otange

prisms from dioxen, MP 124°. (Found: C, 48°623 H, 5°29. CysH;o0sNBrS
requires C, 48°35; H, 3°11 ‘d).
2~nitro-4~bromo-4'-methyldiphenylsulvhone, white needles from
slcohol, MP 132°. (Found: C, 43°85; H, 2°82. C3H1004NBrS requires
C, 43°83; H, 2°83 %).

2-amino-4~bromo-4 '-methyldiphenylsulvhone prisms from alcohol,

MP 154°, (Found: C, 47°7; H, 3°77. CiaHi303NBrS requires C, 47°9;
H, 3*71 %),
N-acetyl-2-amino-4~bromo-4"'~-methyldiphenylsulphone, white prisms

from methanol, MP 132°., (Found: C, 48°97; H, 4°1l. CygHj (03 NBrS

requires C, 48°95; H, 3°9 5“75).

N-agetyl-N-methyl-2-gmino-4~bromo-4'-methyldiphenylsulphone, white
prisms from slcohol, MP 160°. (Found C, 50°17; H, §°19; N, 4°00.
Ci1eHie03 NB'S requires C, 50°33 H, 4°223 N, 3°7 7).
N-Acetyl-Nemethyl~g-suino-4-trouo-4 '-methyldiphenylsulphone in
ethyl d-tartrate.

A solution of the sulphone (2 gms ) in ethyl tartrate (15 cc)
was allowed t@ stand at room temperature for a few days and the
sulphkne recovered by precipitation with water.

Solttion of 0°87 gms in 15 cc chloroform, 20°c, rotation = 0°00°.
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Nitration of o-chloraniline sulphate. o-Chloraniline (254 gms) was
added with stirring to 96 % sulphiaric acid (200 cc) cooled in a
bath of ice and salt, the tempergtute rose to 10°, When the temperafure
had dropped to - 3° a solution of 68 % nitric scid (12°5 cc) in
96 % sulphuric acid (40 cc) wes added with stirring at suéh a rage
that the temperature did not rise abbve 0°. The mixtwr e was left in
the ice bath for 4 hours, poured into ice water (500 cc) and
neutralised by the sddition of solid sodium carbonate. The
precipitated amines were fidtered at the pump and draindd free
from accompenying oil. On crystallisation from eleoho} (75 cc)
light brown prisms, MP 150 -151°, were obtained (7°1 gms), furthep
crystallisation raised the melting point bb 153°,

On pouring the alcoholic mother liquors into water a brown solid
was precipitated which was crystallised frok slcohol (15 cc), after

three crystallisetions it formed scarlet needles, MP 76°.

.

N-(2-Chdorophenyl)-phthalimide. o-Chloraniline (27°5 gms) and
phthalic anhydride (29°6 gms) were mixed in a flask without reflux

condenser and hewated in an oil bath et 240° when a vigorous reaction
set in with evolution of water,After 30 minutes the tempérgture

was gradually raised to 260° and later o 270° gnd there maintained
for 2 hours. The mass was allowed to cood partially and then

poured into cold spiritd with good stirring when a white solid
cryetallised. It was recrystallised from acetic acid in matted
needles, MP 140 -141°. Yield 45 gms. (Pound: C, 65°5; H, 3°02.

C14HgOa NC1 requires C, 65°8; H, 3°13 %).
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N-(2-Chloro=5-nitrophenyl)-phthalimide. N-(2=Chlorophenyl)-

phthelimide (30 gms) was suspended in 96 ¢ sulphuric acid (110 cc)
and 68 % nitric acid (25 cc) added gradually with sheking. The
temperature tended to rise and was maintained at 30 - 40° by
cooling under the tep. The suspended material went into solution
and then, when nearly all the nitric acid had been added, the
nitration product began to separate, After addition of the acid
was complete the mixture was allowed to stand for 30 mimutes and
was then poured into water (500 cc) and the nitro compound filtered
off, The solid was washed free of acid and crystellised from acetic
acid as pale y2ldew prisms, MP 197°, Yield 33 gms.

(Found: C, 55°58) H, 2°49. Cy.H;0,NgCl requires C, 55°62% H, 2°33 %).

2-Chloro-5-nitro-sniline, The nitrated phthalimide (30 gms) was
dissolved in 2 N aqueous sodium hydroxide (250 cc) and the solution
boi}jed for 2 hours, when the amine separated. The solution cooled
the amine filtered off and crystellised from alcohol in bright

yellow needles, MP 120°. Yield 14 gms.

2-Chloro=5-nitroacetanilide, large white needles from alcohol,

MP 160°,

N-Acetyl-2-smino-4~nitro-4'-methyldiphenylsulohide, very pale
yellow matted silky needles from acetic acid, MP 125°.

(Pound: C, 56°76; H, 4°79. CisH140sNS requires C, 59°65; H, 4°67 %).
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- N-Acetyl-2-amino-4~-nitro-4'-methyldiphenylsulphone, white matted
silky - needles from alcohol, MP 149 - 150°. (Found: C, 53°87;

H, 4°07. CisH140sNgS requires C, 53°9; H, 4°22 %).
N-p-Toluenesulphonyl=-2-ghloro~5~nitroaniline was prepsred from the
emine (15 gms) p-toluenesulphonyl chloride (17 gms) and pyridine
(50 cc) by 45 minutes heating on the steam bath. Some of the
N:N-bis-todmenesul phonyl derivative was produced, alcoholic sodium
ethoxide readily converted this to the mono-toluenesulphonyl
derivative which crystallised frols acetic aclid in diamond shaped
prisms, MP 159°,
N-p-Toluenesulphonyl=-N-fiethyl~2~chloro-5-nitrogniline, soft white
misms from alcohol, MP 89°. (Analysis results are not ava.ilable
far this compound).

2=Chloro-5-nitrk-N-methyleniline was obtained hydrolysis of its
toluenesulphonyl derivatiwe with 80 % sulphuric acid at 140°, It
formed oreang@ prisms from methanol, MP 110°. (Found: C, 45°08;

H, 3609, Calculated for C;H,03N;Cl C, 45°05; H, 3°78 %), &
N-Acetyl-N-methyl-2-chiloro-5-nitroeniline, white prisms from alcohol,
MP 90°. (Analysie results are not available for this compound).
N-Acetyl-N-methyl-2-gmino-4=nitro-4'-methyldiphenylsul phbde,

dull yellow prisms from alcohol, MP 157°. (Found: C, 60°83;

H, 5°05. CjeHya0sNaS requires C, 60°75; H, 5°1 %).
N-Acetyl-N-methyl-2-emino-4-nitro-4'-methyldiphenylsujphone, white
platelets from alcohol, MP 170 - 171°, (Found: C, 55°24; H, 4°60.

CieH160s N3 S requires C, 55°2; H, 4°63 %).
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N-Acetyl-N-methyl-2-amino-4~nitro-4"'-methyldiphenylsulphone in
ethyl d=tartrate.

The sulphone (1°'5 gus) was recrystallised from ethyl tartrate (5 cc).
Crystels: solution of 0°60 gms in 15 cc chjoroform , 18°c ,
rotation = 0°00°,
Precipitate: solution of 0°471 gms in 15 cc chloroform, 18°c,

rotetion = Q°00°,

o-Chlorovhenylbenzimino-2'-carbomethoxy-6 '-methylphenyl ether

—

could not be obtained as a crystelline solid, the yellow oil which
wes obtained wes heated et 260° over a free flame for 15 - 20
minutes, cooled and triturated with cold methanol to give

Methyl 2-chloro=-N-benzoyl~6'-methyldiphenylemine-2'=carboxylate,

prisms frowm methanol, MP 188°.

Kethyl 2-chloro-N-benzoyi-6'-methyldiphenylomine-2'~carboxylate in
ethyl d-tartrate.

The compound (3 gms) was crystallised from ethyl tartrate (20 cc).

Crystals: solution of 1°1022 gms in 15 cc chloroform, 20°c. '

Rotation - 0°11° - 0°09° - 0°07° - 0°05° - 0°03° - 0°01° - 0°00°

Time (min) | 4 7 10 18 21 26 35

\

Precipitete: solution of 0°4623 gms in 15 oc chlordform, 20°c.

Rotabion - 0'27° = (0°25° - 0°23° - (0°18° - 0°14°

Time (min) 4 6 9 12 16

Rotation - 0°11° - 0°08° - 0°05° - 0°03° - 0°00°

Time (min) 20 24 28 32 40




A solution of the compound (2 gms ) in ethyl tartrate (30 cc)

was p}lowed to stand overnight at room temperature and the solute

recovered by precipitation with water,

Solution of 1°0899 gms in 15 cc chloroform, 22°c.

Rotetion | - 0°32° = 0°30° - 0°26° - 0°19° - 0*16° - 0°12°
Time (min)| 7 o 11 14 16 20
Rotation | =0°07° - 0°06° - 0°05° - 0°03° - 0°01°  (0°0Q°

Time (min)

24 26 28 30 35 40

Phenylbenzimino-~4:6-dichloro-z-carbomethoxypheny] wther, prisms

from eicohol, MP 113°,

Methyl 4:6-dichloro~N-benzoyldiphenylsmine-2-cerboxylabe, prisms

from alcohol, MP 119°,

Nethyl 4:6-dichloro-N-benzoyldiphehylimine-2-cerboxylate in
ethyl dwtartrate.

The compound (3 gms) was crystallised frok ethyl tertrate (9 cc).

Crystals: solution of 2°025 gms in 15 cc chloroform,18°c.

Rotation

Time (min)

- 0°09° - 0°06° - 0°04° - 0°03° - 0°01° 0°00°

6 9 12 14 19 25

Precipitate: solution of 0°57 gms in 15 cc chloroform, 19°c.

The compound (2 gus) wes dissolved in ethyl tartrate (20 cc) and

rotation = - 0°03° rising to zero.

80.

after standing at room temperature for 24 hours was recovered as usgal.



81,

A solution of 1°55 gms in 15 cc chloroform, 18°c.

Rotation |- 0°11° - 0°08° - 0°06° - 0°05° - 0°02° 0°0C°
Time (min) 6 9 11 13 21 30

2-Chlorophenylbenzimino-2'-cerbomethoxyvhenyl ether, white

elongated prisms from methanol, MP 89°. (Found: C, 68°633 H, 4°4.,

Ca1H1 603 NC1 requires C, 68°8; H, 4°4 %).

Methy} 2-chloro-N-bengoyldiphenylamine-2'~-carboxylate, prepered by
rearrangement of the above ether at 270 - 290°, White priams from

methanol, MP 123°. (Found: C, 68°98; H, 4°53., Cg33Hie0sNCL requires
8, 68°6; H, 4°4 %).

Methyl 2-chloro-l-benzoyldiphenylamine-2'-carboxylste in
ethyl d-tartrate.

The compound (3 gms) was crystellised frok ethyl tertrate (10 cc).

Crystels: solution of 1°072 gms in 15 cc chloroform, 18°,rotation = 0°00°

Precipitate: solution of 1°653 gms in 15 oc chloroform, 17°c.

Rotation - 0°13° - 0°1i° - 0°10° - 0°08° - Q°0Q7°

Time (min)| 6 8 10 15 20

Rotation - 0°04° - 0°02° 0°00°

Time (min) 30 40 60

The compound (1 gm) wes ddssolved in ethyl tartrate (5 cc) and
recovered as usmal gfter 24 hours at room temperature,

A sol ;ation of 0°955 gms in 15 cc chloroform, 19°

Rotation - 0°10° = 0°09° - 0°07° - 0°06° - 0°04° - 0°02° 0Q°00°

Time (min) 5 9 15 20 30 45 60
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2-Methylphenylbenzimino-2'~carbémebboxyphenyl ether, Only a pele
yellow oil was produced by the action of the imino chloride from
beng-o-toluidide on methyl salicylate in the presence of sodium ethoxide.
This oil was heated for a while at 260 - 270°, but on cooling and

trituration with cold methanol no solid pboduct could be obtained,

Benzylmglono-o~toluidic acid. (cf. Turner, 24; Chattaway, 64).
Diethyl benzylmglonat€ (40 gms) and o-tolaidine (11 gus) were
heated at 190° in an oil bath in a flask equipped with a frectionating
column end condenser. The alcohol produced distilled off at the

top of the column, the reaction being almost complete after 3 hours.
On cooling, alcohol (150 cc) was added and the crystalline
ditoluidide filtered off (12 gms). The alcohol mother ligquorw were
evaporeted and the residue distilled in steam with excess sodium
cerbonate solution. The crystalline sodium salt which separated on
cooling was filtered off, suspended in a small gquantity of water
and decomposed with dilute hydrochloric acid. The precipitated

gcid was recrystallised from aqueous alcohol as clusters of white

needles, MP 154 - 155°(dec).

Benzylmalono=o-toluidic agid in ethyl d-tartrate. The acid (3°1 gms)
wes dissolved in ethyl tartrafe (30 cc) at 100° and allowed to
crystallisé. A solution of 1°3305 gms in 15 cc chloroform, 17°c,
had rotation = - 0°13°. No mutarotation occurred.

. The acid did not seem to be sufficiently soluble in formic acid

to allow of measurements being made in this solvent, Turner observed
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that the active acid racemised in formio acid but he was working
with acid of much higher optical purity than that referred to in
the present work and so could work with more dilute solutions.
To g solution of 0°8gms of the acid in 15 cc aicohol was added
3 cc of a solution of potassium hydroxide (0°281 gms) in alcohol
(25 ec), the rotation of the acid rose from - 0°08° ¢n gero

on addition of the alkali.

ot-Benzyldesoxybenzoin (cf. Meyer, 25) crystallised from aslcohol in

white needles, MP 124°.

obBenzyldesoxybenzoin in ethyl d-tgrtrate. The compound (8 gms) wes
recrystallised from ethyl tartrate (40 cc).

Crystals: total weight of crop = 6°5 gms. Solution of 1°047 gms in

15 cc chloroform, 15°c, had rotation = 0°16°., No mutarotation
occurred., To this solution were added 1 cc of an equimolecular mixture
of pyridine and phenol. The observed rotation was - 0°12°, no
mutgrotation occurred.

The material remaining in the ethyl ‘tartrate mother liquors was
recovered in the usual way and extracted with water in a Soxhlet
apparatus to remove ethyl tartrafe and then dried in vacué.

A solution of 0°1380 gms in 15 oc chloroform, 17°c, had rotation = - 16°8°,

No chenge was observed in this rotation over)a period of several huurs.

Practional crystallisation Jf benzyldesoxybenzkin from ethyltartrate,

Benzyldesoxybenzoin (30 gms) was~ recrystellised from ethyl tartrate



(170 cc) to give crystals (25°3 gms) , M” = - 2°11°,

The crystals were agein recrystallised from ethyl tartrate (200 ce),
and fhen crystallised successively from 4 portioms of ethyl tartrate
(50 cc each) . The rotations at each stage of the process were:

[«] = - 2°3°; - 3°8°; = 5°2°} = 5°7°; - 5°7°; - 5°7°,

The benzyldesoxybenzoin recovered from the mother 2.iquors of the
first three crystellisations was combined and crystaJ‘issd from
ethyl tartrate (30 cc). This gave 5°8 gus crystals [ot]‘i + 5°7°,
and the precipitate from the mother liquorsc ( approx 0*3 gms) which
hed L&]": + 17°,

In a parsllel experiment width another:: sample of ethyl tartrate
a less soluble fraction was obtained with qun= - 20°, the soluble
fraction had [_.Q = + 20°.

Attempted separation of optically gctive mixtuees containing
benzyldesoxybenzoin,

i "Benledesmbenzoin.
3
¢ Benzyldesoxybemzoin (0°5 gms) of [&1 = ¢+ 17° was recrystallised

19
gifrom ethyl alcohol (20 cc), the crystels (0°3 gms) had @L} = + 5°8°,

LVL]‘- + 30°9°.
Similarly the lgevo rotatory material of LOL] = = 20°, on

crystallisation from alcohol (20 cc/ gm) gave crystals of ‘_o(] = - 14°,

and Tesidue from the mother liquors which hed [ ] = - 54°,
Owing to the small asmount of material available it was not

possible to cerry this seperation farther.
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Attempted chromatographic separation. A solution of the optically
active compound,[d\]n = - 24°, (0°32 gms) in benzene (50 cc) was run
through a column of activated elumina. Polarimetric readings were
taken of each 10 cc of elute. All the dissolved material ran through

@
the column inmedistely giving 0°31 gms of material, [04] = - 13°9°¢

Effect of ggoiongcd heat on of-benzyldesoxybenzoin and ethyl tartrate.
*any}dcso:qbcnzoin (1 @.),L&]wz - 5°65°, which, when crystaliised
fram ethyl tertrate in the normal way, gave meterial of [al]': - 5°75°,
was heated at 100° for 7 hours with 5 cc ethyl tartrate. The

e
crystals which separated on cooling hed [',(J = - 8*32°,

Methylethylohenylcerbinol. To the Grignard resgent prepered from

ethyl btromide (33 gms) and magnesium (7°2 gms) was added freshly

distilled acetophenone (35 gms). After reaction was complete the
complex was defomposed with dilute acid, the cerbinol extracted with

ether, dried and distilled, ZP 102° / 16 mm. Yield 28 gms.

Attempted preparastion of methylethylphenylacetoniirile. A solution
' of the cerbinol in dry ether (10 gms in 100 cc) was satwrated with

dry hydrogen chloride at 0° in the 'presence of celciwu chloride.
4ifter stan@ing #4 hours at room temperature the ether was evaporated
leaving a reddish brown oil. ¥his was refluxed for 3 hours with a
solution of potassium oyanide (5 gms) in 60 % aqueous alcohol (20 ce)
and then poured into water, The oil which separated was extracted
with ether .. The ether extract, after drying, waé evaporated and the

regidue distilled, TP 79° , 12ua, The distillate was an oil which
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decolourised tromine water and corresponded with o(ﬁ-dimethylstyrenc.

Attempted reaction with methylethylohenyl-methyl chloride and
methyl 2-furogte,

Methylethylphenylcarbinol (21°3 gms) wes dissolved in carbon

disulphide (100 oc) and 2 few lumps of calcium chloride added. The
solution was cooled in ice and saturated with dry hydrogen chlorige.

The solution was filtered and mixed with methyl 2-furoate (17°9 gus).
This mixture was added to zluminiwn chloride (38 gms) suspended in
carbon disulphfde (100 cc) at 0° with saechanical stirring over a period
of 30 minutes, stirring was continued for a further 2°5 hours. After

a further 20 hours the mixture Was. decomposed with ice cold hydrochlorie
acid. The orgamic layer was separated, filtered from much black

solid, washed, dried and evaporafed., The resiflue consisted of a

black gum which could not be purified further.

Fhenyl-p-tolylacetic gcid was prepared by the method of Gyr (85).

The crude aciid was immediately converted into the gmide and then

19fo the nitrile s MP 62°,

Benzylohenyl-p-tolylacetonitrile. FPhenyl-p-tolylacetonitrile (3°3 gms)
wes added th a solution of sodium (0°365 gms) in alcolol (10 ec)

and warmed on the water bath for 15 minutes. Benzyl chloride

(2°1 gms) was then added and the mixture heated for a few more
minutes before being cooled and poured into water. The precipitated

nitrile crystallised from alcohol in needles, MP 125°., Yield 3°3 gus.



Attempted alcoholysis of cbove. The nitrile (0°5 gms) was heated

at 120 -~ 130° for 6 hours with absolute alcohol (5 cc) and 96 &%
sulphuric acid (0°58 ccf. On cooling colourless needles separated

'MP 125° not depressed on sdmixture with the sterting meterial,

ok-Cyanodesoxybenzoin was peepared by the method of Ghosh (68),

plates from acetic acid, MP 95°.

Attempted alkylation of d—cyanodegscox;ybenzoin.oéCyanodesoxybenzoirj

(5 gms) was added to a solétior of sodium (0°51 gms) in alcohol
(15 cc) and the whole heated ob the water bath for 2 hours. Benzyl
chloride (3 gms) was then gdded and heating continued for a further
2 houts. The mixture was cooled)poured into water, filtered and
crystallised from alcohod, prisms, MP 95° not depressed by sterting

material,

Reactions between chalkone and Grignard resgents. The Grignard

reégent was prepered froi methyl iodide (7 gms) in ether (20 cc)

end magnesium (1°2 gms). A solution of chalkone (10 gms) in ether

(30 cc) was then added at 0° and the whole stirred mechanicalyy for
30 minutes at 0°, allowed to come to room temperature and finally
heated to gentle reflux for esbout a further hour. The domplex was
decomposed by the cautious addition to the ice cold mixture of ice
oold hydrochloric pcid. The ethereal layer was separated, the aqueous
leyer extracted twice with ether (30 cc), the combined ethe extrects

washed, dried over sodium sulphate and the ether evaporated. The



residue was a pale yellow gum which did not crystellise on standing.
Trituration with various sol®ents did not produce any solid
material, the gum wes sélu'ble in all organic solvents except light
petroleun. After it had been standing 3 weeks an attempt was made

to distill the material at 10 mm pressure, no distillate could be
obtained, at indefinkte tempetatures zbove 100° the mixture darkened
in colour and water was evolved.

Similarly chalkone (10 gus) was added to fhe Grignard reagents
frol ethyl bromide (5°3 gus), benzyl chloride (6°2 gms) and
p-bromotoluene (8°3 gms) end magnesium (1°2 gus). Except for a
smell quantity of dibenzyl (MP 52°) isolated in the experiment
involving benzylchloride, the product was in each éase a pale yellow
0il or gum which could not be distilled. Tests for the presence of
carbonyl groupings with 2:4rdinitrophenylhydrazine did not give

any positive results.

ﬂ—Phenxl-ﬁ-_Q_— luorenylpropiophenone was prepared by the method of
Pink and Hilbert (67). It was crystallised first frok acetic}mia

end then from bengene forming colourless prisms, MP 129°,

*—&thxl phenyloropiophenone. Dypnone, prepared by the method of
Kohler (68), (20 gms) was dissolved in ebsolute alcohol (150 cc)

and the solution bhydrogenated over palladium black (1 gm) at 1
atmosphere and room temperature. The theoretical quantity of hydrogen
(1900 cc) was sbsorbed in 7 hours and on concentrp_.ti.i.gv the alcoholic

solution the prdduct was obtained as white glistening platelets,
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MP 74° after one crystaellisation from adcohol.

4[7Phch;- -p-tolyloropidphenone, Chelkone (10 gms) was shsken for
six days at room temperature with toduene (100 cc) and 96 ¢
sulphuric acid (10 cc). The dakk red acid layer wes then diluted
with water and the‘toluene layer separeted. The aqueous layer was
extracted with ether, the combined orgenic extracts washed, dried
and evaporated. The residue consisted of a dark brown oil which
crystallised on addition of 4 volumes of alcohod and chilling. It
formed soft white needles , P 97°, after two crystallisations from

alcohol. (Found: 8, 87°38; H, 6°5. Cg3HgoO requires C, 87°51} H, 6°8 %).

pffhenyl- grfluoreny;gropiophcnone.ig ethyl @-tartrate. The

ketone (4 gms) was crystallised from ethyl tertrate (15 cc).

Crystals: solution of 1°221 gms in 15 cc chloroform, 19°c.
rotation = 0°00°,

Residue in mother liquors was imsufficient for examination.

ﬁ;&btgg} phenyloropiophenone in ethyl d-tartrate. The ketone
(5 gms) was crystellised from ethyl tertrate (7 oc).

Crystals: solution of 1°857 gms in 15 cc chloroform, 19°c.
rotation = 0°00°
Residues in mother liquors: solution of 1°796 gms in 15 oc chloroform,

19°c, foration = 0°00°

4&r 1#};rtol lpropiophenone in ethyl d-tartrate.The ketone
(3 gms) was erystallised from ethyl tartrate (8 cc).



Crystals: solution of 0°995 gms in 15 cc chlorofofm,A9°c,
rotation = 0°00° |
Residues in mother liquors: solution of 1°667 gms in 15 cc chloroform

19°¢c, rotation = 0°00°.

S-Benzalphthalide was prepared by the mamthod of Gabriel (89).

Desoxybenzoin-2-cerboxylic acid. Bengalphthalide (40 gms) was heated

for helf en hour an the steam bath with pokassium hydroxkde (30 gus)
and water (40 cc). The mixture was then diluted with water to give

a homogeneous red solution. On acidification with dilute hydeochloric
acid a red oil was precipitated and rapidlsr crystallised to a white
solid, MP 72 - 75° after drying over concentrated sulphuric acid in
vacuo. Yield 46 gus.

Methyl desoxybenzoin-2-cerboxylate.A solution of the acid (20 gms)

in methanol (50 cc) was saturated with a slow stream of ary

hydrogen chloride over a period of 3 hours, so that no warming occurred.
On standing overnight the ester crystallised. It was filtered off,
washed with dilute sodium carbonate and water and recrystallised -

from methanol as white prisms, MP 109 - 110°, Yield 19 gms.

Benzyl pl-benzyldesoxybenzoin=-2-carboxylate, To a hot solution of

sodium (5°1 gms) in methanol (60 cc) was added methyl desoxybenzoin-
2rcarboxylate (32 gms). The dark red solution was heated on the steam
bath for a few minutes and then benzyl chloride (29 gms) added
graduelly over a period of 10 minutes with vigorous shaking. The

solution boiled vigorously as sodium chloride separated, and the
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whole was then heated on the steam bath for 30 minutes to complete
the reaction. Methenol (200 cc) was added end the sodution filtered
hot. The product separated repidly as long thick white needlew
which were filtered and weshed with methanol till colourless, MP 75°,
Yield 28 gms. (Found: C,.83°12; H, 5°62. CgelgeJs requires C, 82°G}
H, 5°7 %).

ol-Benzyldesoxybehzoin-2~-carboxylic acid. The ester (28 gms) and

potassium hydroxide (20 gms) were dissolved in 75 5 alcohol (75 cc)
and refluxed for 2 hours, on cooling, dilution and acidification
en oil separested which almost immediately crystaliised. The solid
was filtered off and recrystallimed from acetic acdd (60 cc) as
white prisms, MP 170 - 171°, (Found: C, 79°67} H, 5°4. Cg2H160s

requires C, 79°9; H, 5°45 %).

Brucine okbenzyldesoxybenzoin-2-cerboxylate. Brucine (16°8 gns) and

o-benzyldesoxybenzoin-2-carboxylic acid (11°8 gms) were dissolved
together in hot ethyl acetate (80 cc). The crystals which separated
on cooling were washed with a little ethyl acetate,
Solution of 0°784 gms in 15 cc chlorofoom , o = - 1°60°,
[ot]"; - 15°3°,
Bruciné d- - benzyldesoxybenzoin-2-carboxylate, The salt was
recrystallised from ethyl acetate (300 cc) giving 15 gms of asalt,
L*}ﬂz - 14°4°, Two more crystellisations from ethyl acetate (200 cc)guc

L]
7 gus of salt, [d] = - 12°1° not chenged on further crystsllisation.
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d-ol-Benzyldesoxybenzoin-2-carboxglic acid. The brucine salt,

Lol]m: - 12°1°, 7 gus) was decomposed with dilute hydrochloric

acid to give 4 gms of acid.

Solution of 0°€106 gms in 15 cc chloroform, o = + 2°97°
[u]'*= + 27°5°.

No mutarotation occurrdd in chlorofoom solution,

Methyl d-Obenzyldesoxybenzoin-2-carboxylate. d-gkBenzyldesoxybenzoin-

2-carboxylic acid (2 gus) was added to excess ethereal diazomethane.
The ether and excess diazomethene were then evaporated and the
residual gum triturated with light petroleum. The resulting solid
was recrystallised from methanol (4 cc), white prisms, MP 110°.
(Found: C, 79°96; H, 5°66. CgzsH;00s requires C, 80°25; H, 5°81 %),
Solution of 0°0502 gms in 15 cc methanodz , o = + 2°54°
[]*= + 29°3°,
The ester was refluxed in methanol for 48 hourg and the methanol
evaporated 4o smell bulk when the ester crystalliiséd .
Solution of 0°4264 gms in 15 cc nethanol, gl= + 1°85°
[dJ's: + 31°8°,

Racendisetion of benzyldesoxybenzoin-2-cerboxylic acid. A sample of

the ecid ,[d.]uz + 4°85°, was heated at 100° for 33 hours with excess
g,quéous alcoholic sodium ethoxide, a solution of 0°2308 gms in 15 cc
chloroform was then found to be opticelly inactive, On crystallising
some of" the sae sample of acid from acetic acid the crystals were

also found to be opticelly ingctive (¢ = 2 in chloroform).



Methyl 1j;benzy1dcsoxybenzoinfgrcafboxylate in ethyl d-tartrate.

The ester (4°7 gms) was crystzllised from ethyl tartrate (9 cc).
Crystals: solution of 1°1180 gms in 15 cc methanol hed o(= 0°00°,

Residues: solution of 1°2370 gms in 15 .cc methanol had & = 0°00°%

Phenylbenzoylacetic ester was prepared by alcoholysis of

J:cyanodesoxybenzoin, it crysteallised from aqueous alcohol in white
needles, MP 94°.

TPhenylbenzoylacetic ester in ethyl d-tartrate. The ester (4 gns)

wes crystallised from ethyl tartrate (8 cc).
Crystels: solution of 1°5733 gms in 15 cc chloroform, 17°c,
rotation = - 0°13° No muterctation took olace.
Resgidues: solution of 0°5350 gms in 15 cc chloroform, 18°c,
rotation = 0°00°.

This experiment was several times repeated and in some ceases,
under apparently identical experimentel conditions, the crystals
were optically inactive. The optically inactive samples were
examined in chloroform and acetonitrile solution’no mutarotation

took place in either solvent,

Benzoylacetone was prepered from ethyl acetate and acetophenone by
the method of Claisen using sodium as condensing sgent (70).
Benzoyl-p-toluylacetone, Benzoylacetone (16°2 gms) was dissolved in
ebsolute alcohol (75 cc) and cooled to 0° in 8 bath of ice water.

A solétion of sodium (0°46 gms) in alcohol (100 cc) was prepared.

To the solution of the diketone were added 10 cc of ethoxide solution

83,



followed by p-toluyl chloride (1°5 gs) with good sheking. The
mixture was removed from thd ice bath and shaken for 5 migutes, then
cooled once more in ice and the prodess repeated. After all the
ethoxide solution and 15 gms prtoluyl chloride had been added the
mixture was left »in the ice for a further hour, and then overnight
at room temperature. The mixture was diluted with water and acidified
with dilute scetic scid. The precipitated oil crystallised on
chilling in ice and was filtered off. The crude naterial was
dissolved in dilute sodium hydroxide solution, almkst neutralised
with acetic acid and the ’oily impurities extracted with ether. The
aqueous layer was freed fram ether by a rapid stream of air and
acidification with acetic acid gave a precipitate of benzoyl-
p-toluylacetone. The compound crystallised from methanol in white
needles, MP 139°, (Found:C, 77°08) H, 5°9. CieHi1eC0s requires

C, 77°2; H, 5°75 %).

Benzoyl-p-toluylecetone in ethyl d-tartrate. Tl ketone (2 gmus) wes

crystallised from ethyl tartrate (10 cc). When the material remaining
in the mother liquors was precipitated it ceme down at first as an
o0il which only gradually solidified.

Crystals: solution of 0°32 gms in 15 cc chloroform, o\ = 0°00°

Residues: solution of 0°78 gme in 15 cc chloroform, ol = 0°00°

Benzoyl-p~toluylmethene. Sodium (9°3 gms) was atomised under xylene
gnd, efter cooling and washing with ethR¥, waes suspended in dry

freshly distilled ethyl benzomte (150 cc). The success of the reaction
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depended very considerably on the state of division of the sodium,
since any but the very smallest particles failed to react complelely.
To the suspension was added p-methylacetophenone (52 gms) in portions
with shaking. Some heat was generated during the course of the
reaction which was modified by cooling occasiohally in a bath of
cold water, the tempcratyfe being kept at about 50° as judged
by touch: the addition required about an hour. After standing for
a further hour the flask was closed with a ground glass stopper
and left at room temperature for 2 days. During this time the sodium
reacted to produce a brown gelatinous precipitate of sodio benzoyl-
p-toluylmethane, After the reaction was complete the mixture was added
cautiously to ice water (500 cc) and light petroleum (300 cc) and
-well stkyred, each portion being completely acted on by the water
before the additiog of another, a white solid sepgrated at the
interface of the $wo layers but this gradually dissolved., When
solution wes complete the layers were separated., Acidification of
the aqueous layer with acetic acid produced scarcely any precipitate,
The petroleum layer was extracted with aqueous potassium hydroxide
in 100 cc portions till the alkeline extracts were colourless. The
combined alkaline extracts were then acidified with acetic acid and
a red oil, repidly crystallising td a pale yellow sodid, was
precipitated. It was crystallised from methylated spiriks (2 cc / gm)
giving pointed white prisms, MP 87°. Yield 38 gus.

It was observed that if very concentrated alkali were used to

extract the diketone three layers were formed, a very heavy red oil,



a colourles: awueous layer and the petroleum layer which contained
unreacted starting materials. On separating thqlail and the aqueous
layer from the petroleum and acidifying, the oil crystallised to a
paele yellow mass of benzoyl=-p-toluylmethane.

Reaction between benzoyl-p-toluylmethane and ol-naphthoyl chloride.
a) Sodium as condensing agent. Atomised sodium (1 gm) was
suspended in dry ether (100 cc) and benzoyl-p-toluylmethane (10 gms)
added. After zbout 30 minutes the mixture was refluxed gently on

the water bath for 5 hours. The sodium dissolved with evolution af
ges and the sodio derivatiwe separated as a bulky white solid. After
stanﬁinz:;ﬁ: salt wes treated with Qfnaphthoyl chloride (8°7 gus)
and the whole refluxed on the water bath for 5 hours. The product
was then cooled and poured into water. The ethereal layer was
separated and extracted with dilute sodium hydroxide solution. The
combined alkeline extracts were acidified but scarcely any precipitate
was produced. The ethereal solution was dried over sodium sulphate
and evaporated. The oily residue was treated with methenol when
crystals were produced. They were recrystallised from dioxan as hard
white prisms, MP 148°. (Found: C, 81°16, 80°95; H, 4°53, 4°24.

CagHi 40 requires C, 81°00; H, 4°3 7).

The methanolic mother liquors were allowed to evaporate at room
temperature, the oily residue crystellised partielly after standing
for 3 - 4 weeks. The crystals were filtered and cautbously washed
with a little cold m;thanol s the solid was then crystaliised

twice from bengzene giving ldng white needles, AP 160°.



(Found: C, 76°91, 76°89; H, 4°68, 4°49. Cy3H 40, Tequires C, 75°833
H, 4°65 %).

b) alcoholic sodium ethoxide as condensing agent. Benzoyl-
tholuyﬂm@thans (10 gms) was dissolved in absolute alcohol (100 cc).
To the mixture cooled in ice water was added 10 cc of a solution

of sodium (1 gm) in elcohol (100 cc) followed Dby pl-nephthoyl
chloride (0*75 cc). After 5 minutes a further portion of ethoxide
solutiom and naphthoyl chloride were added and the process continued
till ell the efthoxide and 7°5 cc naphthoyl chloride had been added,
tle mixture was then allowed to stand overnight at room temperature
and poured into water, The ethereal layer was separated and
extracted with dilute sodium hydroxide solution till no more acidic
material was obteined, Nothing then remained in the ethereal

layer, Acidification of the combined alkaline extracts gave the
enol form of benzoyl-p-toluylmethane, an insoluble white powder,

MP 166°, This slowly dissolved in boiling methanol and on cooling
crystals of the diketo form were deposited, MP 87°.

On pouring the methenolic mother liquors into water a so0lid was

precipitated which crystallised from concentrated solution in methenol

in needles, MP 158°,

o #-Dinitrodibenzyl, was prepared from stilbene by the method of
Schmidt (71). From 30 gme stilbene were obtained 12 gms of the high
melting isomer, MP 233 -235° end 7 gms of the low melting isomer,

MP 142 -~ 146° (after two crystallisations from acetic acid).

/0
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d‘rIﬁnitrodibenzyl in ethyl d-tartrate.

a) High melting isomer. The compound (3 gms) was dissolved in
boiling ethyl tartrate (45 cc), some nitrogen dioxide was evolved.
The solution crystallised rapidly and completely.
Crystals: solution of 0°9467 gms in 15 cc nitrkbenzene, 20°c,
rotation = -~ 0°28° rising to zero in about an hour.

This experiment was repeated using 3 gms dinitrodibenzyl in
60 cc ethyl tartrate, care being taken to eveid any decomposition,
as evidenced by the evolution of nitrous fumes, occurring. In these
cases both the crystels and the material remaining in the mother
liquors were optically inactive. The experiment was repeated
using these quantities but allowing the first crystals to separate
while the solution was maintained at 86° for 50 hours in a thermostat,
The solution was then cooled very slowly to ensure slow crystallisation,

The materials produced in this way were optkcally inactive,

b) Low melting isomer, The campound (2 gms) was recrystallised

from ethyl tartrate (10 cc) care being taken not to heat the solution
above 140° (this isomer undmegoes converwion to the higher melting
ddomer gbove 152°). Both the crystals and the materidl recovered
from the mother liquors were opticelly inactive, bith semples

nelted at 147°.

iso-Nitroso-dl~gemphor.Dry synthetic camphor (10°2 gms) was dissolved
in dry ether(50 cc) and clean sodium wire (1°52 gms) added. The

mizture was cooded in ice and freshly distilled amyl nitrits (7°8 gms)



added slowly with sheking, the mixture was left for an hour at room
temperature when there was little sign of reaction. The ether was
then refluxed gently for four hours on the steem bath, when most of
the sodium reacted and e gelafinous precipitate was produced., After
cooling tihe mixture was cautiously poured into ice water, the

ether leyer separated end the aqueous layer extracted several

times with ether. On acidification of the aqueous layer with dilute
acetic acid an oil separated which was extracted with ether, After
drying and evaporation of the ether the residual oil crystaliised
partially on standing for 24 hours. Addition of ‘light petroleum
caused the rest of the material to crystallise also. The solid was
recrystallised from light petroleum and was kbtained gs white prisms,
MP 111 - 114° (1°8 gms). On heating for a few hours above its
melting point this compound dedomposed to a dark resinous mass,
instead of yielding a higher melting isomer.

Oxidation of the product. The crystals obtained from the above
reaction (1°5 gms) were dissolved in 15 % agueous potassium hydroxidé
(15 cc). On addition of a freshly prepared sddution of potassium
ferricyanide (3°75 gms) in water (15 cc) a bulky colourless
prefipitate separated, but redissolved in about 5 minutes with
evolution of gas to give a brown solution. Efter an hour this
solution was acidified with dilute hydrochloric acid, the precipitated
0il extracted with ether and recovered by evaporation of the ether,
after washing end drying. This oil did not crystallise even after

being kept for several weeks at 0°.
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2:2'-Dibromodiphenyl was prepared by the method of Schwechten (72).
This consists in treating dipheny1-2:2’-bisdiazonium sulphate with
excess potassium mercuri-bromide solution, it was found to be
necessary to employ 100 % excess of the mercury sadt solution. The
resulting tetrazo)ﬁbnaﬂu;rcﬂry double salt was readily decamposed
to give dibromodiphenyl. The product,which was contaminated with a
brown impurity,was purified by digtillation in vacuo followed by
crystallisation from methanol, when it formed white needles, MP 81°,

Attempted Grignard reaction with 2:2'-dibromodiphenyl. Dibromo-

diphenyl was re@overed largely unchanged even after 72 hours
refluxing with magnesium in dry ether, It was also recovered after
5 = 6 hours refluxing with megnesium in dry diamyl ether. Rapson
and Shuttleworth (37) obtained a Grignerd complex aftepr 48 hours
feflgxing with magnesium in ether, and this on treatment with

anhydrous cupric chloride gave tetraphenylene,
Diphenylene-iodonium iodide was prepared by the method of Lothrop (38),

Tetraphenylene. Dry diphenylene-iodonium iodide (12 gms)was mixed
thoroughly with cuprous oxide (150 gms) and the mixture heated at
215 - 220° for 3 hours in an oil bath. The cold reaction mixture was
extracted with ether (300 cc) &n three portions. The ether wsas
evaparated and the residue distilled in veacuo, a fraction boiling
at 140° / 1 mm being collected. The distillate was dissolved in
alcohol (15 cc) when diiododiphenyl crystallised, MP 109° after one

more crystallisation from alcohol (2°3 gms): the mother liquors from
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the first crystallisation were poured into water and the precipitate
extracted with ether (75 cc) in three portions, the ether extract
was dried and evaporated. The residue was crystallised from benzene
( 1 cc) giving white plates, MP 236° (literature MP of tetraphenylene
230 - 233°.

On treating a cold saturated alcoholic solution of this substance
with an equal volume cf a cold saturated alcoholic solution of
picric acid, scarlet needles, MP 180 - 182°, separated after 3 hours
at 0°,

If the mixture of ouprous oxide and diphe.ylene—iodoniur.n iodide
was heated strongly on the sand bath water was free, even though
both reactants had previously been thoroughly dried. If the reaction
was carried out under reflux , diphenyl EP 105° / 1 mm, and a
high boiling o0il, BP 240° / 1 mm,which solidified to a glassy solid
were obtained, This latter was thought 6o be a mixture of
2:2'-diphenyldiphenyl and tetraphenylene. If the water was distilled
off as the reaction proceeded g 10 % yield of diphenylene, MNP 111°,
was obtained as well a2s small amounts of tetraphenylene accompanied

by 2:2'-diiododiphenyl.

Attempted Grignerd reaction with 2:2'-diiododiphenyl. 2:2'-Diiodo-

diphenyl (obtained by heating diphenylene-iodonium iodide for a
short time at 215°) was refluxed with one molecular proporfion of

magnesium in dry ether for 48 hours. No reaction took place.

o-Dibromobengene wes prepared by the method of Hollememn (73).
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action of cupric chloridc on the Grignard resgent from o-dibromobenzene.
A solution of o-dibromébenzene (5 gus] in dry ether (30 cc) was
refluxed with megnesium (0°52 gms) for 48 hours. The solution wes
then cooled to 0° and anhydrous cupric chloride (2°8 gns) added
with effficient stirrdgg. The mixture wes then refluxe3 for a further
2 hours with stirring: it was then cooled to 0° and ice water (300 cc)
added. Hydrochloric acid (10 N) wes added to dissolve the copper
salts, the ethereal layer was sepereted and the aqueous layer was
extracted twice with ether (20 cc). The combined ethereal extracts
were washed, dried over sodium sulphate, the ether distilled and the
residue distilled in vacuo. A small amount of diphenyl was obtained
followed by a fraction BP 190° / 1 mm. This waé an oil which, of
treatment with light petroleun, gave & light brown solid. This was
recrystallised from methanol (1°5 cc) (charcoel). The crystals
which separated were again crystallised fram slcohol giving thin

white needles, MP 196 - 197°, Yield 20 mgms.

-3:0-dogpnrt _
1:2:5:6-Dibengeyclooctatetraene was prepared by the method of Fieser

and Pechet£89).

1:2:5:6-Dibenz-3earboxy-8-carbemidocyclooctatefraene. The dinitrile
(1 gm) was heated with sulphuric acid of demsity 1°64 gm/ cc .

(150 cc) at 120 - 125° for four hours the mixture being stirred
mechanically. The resulting brovm sclution was cooled and poured on
ice, the grey so}id which separated was filtered and, after freeing

from acid, was leached with several portions of hot zlcohol, being
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finally crysfallised from 2 lerge volume of alcohoi, it formed a white

microcrystelliine powder, P 287 - 284°(dec). Yield 0°5 gus.

Hydrolysis of the dinitrile., When the dinitrile was heated with

50 % sulphuric acid (D = 1°4 gm/ cc) at 135° for 5 hours as described
by Fieser and Pechet it did not go into soldtion and could be
filtered off unchanged. At 15C° reaction took place to give a
product fairly soluble in alcohol and difficultko purify, probably
meinly the diacif., With 62 & acid (D = 1°52 gm/ cc) at 135° for 5
hours a smell yield of the helf amide was obtained accompanied by

a larger amount of the diacid.

1:2:5:6-Dibenz~3-carboxy-8~carboebboxycyclooctatetraene was prepared

along with the diester according to the method of Fieser ., In an
attempt to obtain it from the diester the latter was refluxed with
one moleculgr proportion off alcoholic potash till neutrel to litmus
(5 hours). The alcohol was eveporated and the residue, after
extraction with ether was gcidified to give a white solid, MP 240
~ 255°, probebly s mixture of the diacid and the acid :. -, ester.

Evaporation of the ethereal layer gave back some of the diester.

Attempted preparstion of the helf hydrazide.The diester (0°348 gms)
was heated with hydrazine hydrate (0°08 gus) in alcohol (1 cc) at

120° for 1 hour. Crystels of the diester separated on cooling and

were pure after one crystallisetion from alcohol.
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Brucine 1:2:5:6-dibenz-8-carbamidocyclooctatetraene-3-carboxylate.

. — o— —

The hdlf emide (0°455 gus) and brucine (0°728 gms) were dissolved
hot methanol (7 cc), filtered hot and the methenol evaporasted. The
residue was crystallised from benzene (3 cc). Thiﬁkalt'haiﬁi}z: ~ 3°64°,
(¢ = 2 in methanol), no mutarotation occurred. Eveporation of the
mother liquors yielded a farther crop, probably contaminated with
brucine however: ‘_ol’lw = = 15°5°(c = & in methanol).

The solbbions of both smuples were evapprated to dryness and
the residue pertitioned between e~ =r chloroform end 15 cc of 2 %
aqueous potassium hydroxide. The aqueous layer was extracted with
chloroform till free from brucine,in neither cese was the resulting

solution of the potassium salt optically active.

o~Todobenzoic: acid was prepared from anthranilic acid by diazotisation

and decamposition of the dilzoniimpodide. It formed light brown
needles from acetic acid, MP 160 - 162°, yield 153 gms from

133 gms of snthrenilic acid.

o~-Iodobenzaldehyde wes prepared by the method of Rapson and

Shuttleworth (41).

Diphenyl-2:2'~dialdehyde. o-Iodobenzeldehyde (10 gms) wag mixed

with clean dry sand (15 gus) end copper bronze (15 gms) in a flask
fitted with inlet and outlet tubes through which a slow stream of
nifrogen was passed. After the nitrogen had been passing for 15 minutes
£he flask was heated to 140° in an oil bath and the temperature

ghen raised to 200° over a period of 30 minutes, and maintained there
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for 20 minutes before being allowed to cool,still in an atmosphere
of nitrogen. The coocled mass was extracted with ether (200 cc) in
eight portions. Evaporation of the ether left a yellow oily residue
which soon crystallised. The crystels were pressed between filter
paper to remove adhering oil and recrystallised from a mimture of
ether and light petroleum, giving yellow platelets, MP 63°. Yield 2°8 gus.

Attempted condensation of diphenyl-2:8'-dialdehyde and
succinonitrile.

a) Sodium ethoxide as condensing agent. The dialdehyde (2°1 gms)
and succinonitrile (0°80 gms) were dissolved in absolute alcohol
(20 ec) and 10 % slcoholic sodium ethoxide (2°8 cc) was added with
shaking, After the ethoxide }jad been added the mixture was left for
1°5 hours at room temperature and tﬁen refluxed on the steam bath
for 3 hours. The alcohol was then eveporated in vacuo end the
resi@ue dissolved in ether and dilute hydrocljiloric acid. The
ethereal extract was filtered, weashed wijh water and deied over
sodium sulphate, Evaporation of the ether left an oil which soon
crystallised and was recrystallised from methanol as light brown
prisms, MP 132 - 133°5°. Literature MP of XXXII = 132° (Kenner, 74).

(Found: C, 80°07; H, 4°89. Caloulated for C;4H;¢0s C, $9°0; H, 4°76 %).

b) Diethylamine as condensing agent. The dialdehyde (1°05 gms)
and succinonitrile (0°4 gus) were melted together by gentle heat
and 6 drops diethylamine added, crystals of the dialdehyde sdparated

_in a few days , MP 60 - 61 °, not depressed by mixture with starting

material,
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c) Pyridine es condensing agent. The dialdehyde (1°05 gus) and
succinonitrile ( 0°4 gms) were heated together in pyridine (3 cc)
on the water bath for 5 hours, After cooling the mixture was dsssolved
in ether and washed with dilute hydrochloric acil and water.
Evaporation of the driéa ether solution left a residue which did not

crystallige,

2:2'-Dimethyl-5:3"~diguinolyl-4:4:~dicerboxylic acid. Acetonylacetone
dioxime (3 gms) isatin (12 gms) and 40 % aqueous potassium hydroxide
(45 cc) were refluxed for 40 hours. Crystals separated on cooling
and, after standing 4 hours, were filtered off, washed with 40 %
potassium hydroxide solution and recrystallised from water (5 cc).
Yield, after drying at 1009 2°8 gms. This materisl wes readily
soluble in hot water, less soluble in cold and sparingly soluble
in potassium hydroxide solution. It decomposed somewhat on drying
and concordant analyses dould not be obtained.

Decomposition of the potassium salt with dilute hydrochloric

acid gave 2:2'~dimethyl-5:3'-diquinolyl-4:4'-dicarboxylic acid

8s an insoluble white powder, MP 326 - 330° (dec).

Treatment of the aqueous solution of the potassium salt with
S~benzylthiuronium chloride gave the S-benzykthiuronium salt ,
crystallising as the dihydrete in white needies from agqueous elcohol,
on heating the crystals decomposed at 180°. (Found: C, 62°21;

H, 5°4) N, 11°53. CyeHg¢O4NeS;2HgO requires C, 62°5; H, 5°25; N, 11°7 %),
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Decarboxylation of sbove acid. The acid (1 gm) was mixed with
copper chromite catalyst (5 gms), pleced in a vacuum sublimation
apparatus and covered with a thin layer of copper chromite. The
mixture wgs sublimed at 200° / 10 mm for 3 hours. The rather gummy
sublimate was triturated with light petroleum and crystallised from
benzene, cludters of needles. MP 144° not depressed by mixture with

2:2'=dimethyl-3:3'~diquinolyl.
g

2:2'-Dimetinyl-3:5"'-diquinolyl was prepared by the method of
Friedlander (44). After dehydration over concentrated sulphuric

acid in vacuo and crystallisation from benzene it formed needles

MP 144°,

Attempted condensation of benzil and 2:2'-dimethyl-3:3'-diquinolyl.

2:2'-Dikethyl-3:5'~diquinolyl (071 gms) and benzil (0°525 gms)
were dissolved in acetic anhydride (1 cc) and heated at 150 - 160°
for 12 hours. After cooling water was added and the resulting black
gum triturated with 50 cc boiling elcohol, when a dark brown solid
was groduced (0°55 gus). This decomposed st 200 - 210°, it was very
insoluble in alcohol,soluble in ether and benzene, but it could
not be made to crystallise from either of these solvents, nor could
it be sublimed in vacuo. The benzene solution was dark brown in colour
with a red fluorescence, cihraliatograpvhy on a column of alumire
did not give satisfactory material.

When the acetic anhydride wes replaced by hydrochloric acid or

when no condensing agent was used no reaction tock place.
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Benzil-2~cerboxylic acid. Oxidation of a solution of desoxybenzoin-
2-carboxylic acill (5 gns) and sodium carbonate (1°1 gms) in water
(50 cc) with an aqueous solution of potessium permanganate (0°65 gms)
at room temperature gave benzil-2-cerboxylic acid (3°7 gms), kP 71 -
73° after drying over concentrated sulphutic acid in vacuo, The
methyl ester wes prepared by the action of ethereal diszomethane,

Attempted condensation of _g—carbomeghoxyben_z_i_l; and
2:2'-dimethyl-3: 3'-diquinolyl,

Dimethyldiquinolyl (0°72 gus), 2-carbomethoxybenzil (0°6 gus) and
acetic anhydiide (1 cc) were heated at 150 - 160° for 6 hours. To
the resulting derk brown viscous liquid water was added drop by
drop with sheking. A dark brown solid was obtained and filtered off,
It could not he recrystalliséd from any solvent ar pui‘ified in any
way. It much resembled the material obtained from benzil and

dimethyldiquinolyl.

o-Iodobenzyl cyanide was prepared by the method of Rapson and

Shuttleworth (41). It was obtained as a colourless oil EP 167° / 10 mm.

2'-Diiododiphenylketipiniocdinitrile. To a solution of sodium (0'6 gms)

in alcohol (10 cc) was added diethyl oxalate (1°8 gms). After
'shaking for g few minutes a2 homogeneous solution was obtained,
o-Todobenzyl cyanide (6°1 gus) was added with shaking when a yellow
colour developed and the mimture was warmed for 2 few minutes on
the water bath when it became brown in colour and a colourless

flocculent solid separated. The mixture was then cooled end water
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added, some of the m-atcriaJldissolved but a considerable amount of
ter remained. The aqueous solution was decanted from the tar and
acidified, after 5 - 6 hours a pale yellew solid separated which
melted with decomposition at 140 - 155°, The ter was dissodved in
glecial acetic acdd and the solution added slowly to water with
stirring. The resulting browm solid was triturated with 2 N sodium
hydroxide solution and the alkasline solution decanted frow the tar,
on acidification & smmll amount of yellow flocculent precipitate
was obtsined. The solid was washed with hot methanol amd crystallised
from acetic acid as bright yellew prisms, melting with decomposition
at 240 - 242° (0°¢ gms). (Found: C, 41°01; H, 2°12. CieH100aNaIg

requires C, 41°01; H, 1°9 %).

2-Acetyl-2"-cerboxydiphenyl. An 8°66 % solution of methyl bromide

in pure dry ether was prepered. The Grignard reagent was prepared ‘
by gradual sddition of this solution (40 cc) to dry megnesium (0°9 gm)
under reflux, after addition was complete the mixture was heated

to boiling for 45 minutes. The cooled ethereal solution was then
decanted from khe megnesium into a three necked flask equipped

with mechanical stirrer and reflix condenser and cooled in ice.
Anhydrous cadmium chloride was added with vigorous stirring and
stirring was continued in theice bath for a further 1°5 hours.

Finely powdered diphenic anhydride (1°6 mms) was added in portiogs
over a period of 15 minutes, the flask was then removed from the

ice bath and the mixture refluxed for 3 hours, stirring being

* maintained. A viscous oil separated during the heating process.
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The mixture was cooled in ice and the complex decomposed with ice
cold 6 N sulphuric acid (50 cc). Ether (100 cc) was added, some
solid (unreacted anhy@ride) filtered aff, and the two layers
separated. The aqueous layer was extracted with ether (75 cc), the
combined ethereal solutions washed with 4 N sodium carbonate (150 cc)
in three portions. The allkkline solution was washed several times
with ether and acidifked. The oil which separated was extracted with
ether and, after drying over sodium sulphate, the cher evaporated.,
The residue consisted ofua viscous yellow o0i}, which crystallised
to a sticky s&did after 10 days, Tritwration of this with light
petroleun gave a white solid, MP 110 - 114°, yield 0°65 gms of
2~-acetyl-2'-carboxydiphenyl. Anddytical results are not availsble
for this compound which did not crystallise well, it wes characterised
in the form of its derivatives.

Evaporation of the meutral solution gave a solid crystaellising
from slcohol in needles, MP 73 ~ 75°., This compound which was
availeble only in small amounts was not analysed, from analogous
reactions however it is probably 2:3-dikethyldiphenide(cf. Wang

Isensee, Griffith and Christensen, 75)

Methyl 2-acetyldiphenyl-2'-cerboxylate. Esterification of the acid

by the Fischer - Speier method gave the methyl ester, EP 140° /2 mm.
It crystallised from alcohol in white needles, P 73 = 75%

(Found: C, 75°34; H, 5°34. C1eH1403 Tequires C, 75°6; H, 5°3 7).

4-Acetylfluorenone. 2-Acetyl-2'-carboxydiphenyl was refluxed with
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excess thionyl chloride in bengzene solution for 1 hour. Evaporation
of the excess thionyl chloride and benzene left 2 black gum from
which, on sublimation at 170 - 180° / 2 mm, was obtained =2 nale
yellow crystalline solid. This was recrystallised from benzene to

give almost colourless prisms of 4 -acetylfluorenone, MP 139 - 141°,

(Found: C, 80°9; H, 4°5. CigHjoQy Tequires C, 81°1; H 4°7 %),

Attempted Arndt - Eistert synthesis with 2-acetyl-2'-carboxydiphenyl,
The acid (2 gms) was dissolved in benzene (20 cc) and pure

thionyl chloride (20 cc) added, the whole was warmed to 50° for 1
hour., The benzene and thionyl chloride were then evaporated in
vacuo below 50°, Benzene (10 cc) was then added and the evaporation
repeated, two more portioms of benzene were evaporated in this way.
The residue was then dissolved in dry ether (10 cc) and added to
the ethereal solution of diazomethans obtained from 10 gms ‘
N-nitrosomethylurea, After standing 2 days the ether and excess
diazomethane were evaporated . The gummy residue was dissolved& in
methanol (40 cc) silver oxide (1 gm) added and the whole refluxed
for 8 hours, After filtering from silver oxide the solution was
bqiled with chercoal, filtered and distilled in vacuo. A small
amount of distillate, BP 140° / 2 mmy was obtained as a viscous oil,
It did not crystallise nor could it be hydfolysed to a solid ecid.
In another experiment the residue, after evaporation of ether

and diezomethane, was refluxed with silver oxide in a mixture of

dioxen end aqueous gmmonkum hydroxide salution: the only product which
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could be isolated was an uncrystallisable oil.

Condensation of benzik end 2:2'-dimminodiphenyl. Benzil (5°5 gms)
and 2:2'-diaminodi§hcny1 (4°5 gms) were refluxed together in acetic
acid (70 cc) containing a trace of hydrochloric zcid for 3 hours.
The condensation profuct began to seperate from the boiling solution
after 1 hour , crystallishition was complete on cooling. The product

consisted of pale yellow prismsy MP 238°, Yield 7 gms.

This cohdensstion product in ethyl d-tartrate. The compound (3 gus)

was crystallised from ethyl tartrate (30 cc).

Crystals: solution of 0°5680 gms in 15 cc chloroform, A = 0°00°.

Z-Titro-o-toluidine. The nethods of preperation of this}compouna,
described in the literature being found unsatisfactory (76, 78),
the following procedure was adopted.

4 solution of fuming nitric acid (110 cc) in acetic anhydride (250 cc)
was cooled to below 10° in an ice bath and stirred mechenically., To
this wes 2dded powdered acet-ortoluidide (100 gus) in portions at
such a rate that the temperature rese above 15° but not sbove20°,
with efficient cooling in the ice bath fairly rapid eddition was
possible. The toluidide dissolved to give a yellow brown sélution,
in some experiments when nearly all the toluidide had heen added the
nitration produot commenced to separate, this eccasioned & slight

riése in temperature emd it was necessary to suspend further addition



113,
of acetyltoluidine till the temperature fell: in other experiments
it was possible to add 211 the reactant before the product sterted
to separate. After eddition was complete stirring wes continued in
thd ice bath for a further 15 hours and then water (1 1) added.
The mixture of nitration products was filtered wnd washed thoroughly
to remove acid., The solid was then suspended in 10 ¥ hydrochloric
acid (40C cc) and distilled in steam. After a short time an orange
solid begen to distill and distilletion was continued till no
further solid weg obtained in the distillate, sbout 16 litees of
distillate, The 3~nitro-o-toluidine was fiitercd, dried at the pump
and crystallised from methylated spirits as large orange needles or

elongated prisms, MP 97°, Yield 48 gmsw

- S-Nitro-2-iodotoluene was prepared by diszotisation of the.amine
end decomposition of the diazonium iodide in the usuel manner, it

formed pesle yellow prisms from alcohol, MP 55°.

6:6'-Dinitro-2:2'-ditolyl. 3-Nitro=2-iodotoluene (3@ gms) was

heated to 200 - 210° and copper bronze added in‘portions, stirring

with a thermometer. Considerable heat was ewolved at first and
external heating was dddcontinued, the rate of addition of the

copper being adjusted to maintain the tenperature at about 215°,

When the heat of reaction was insufficient to maintain this temperature
the mixture was once more heated to 210 - 215° in an oil bath while

the rest of the copper (25 gus in all) was added. Heating was

continued for 30 minutes after all the copper had been added and then
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the mixture allowed to cool to about $0° when methylated spirits
(330 cc) was added with good stirring, the alcoholic solution was
heated to boiling for a few minutes and filtered hotJthe residue
being extracted with two more portions of spirits (200 cc). The
combined extracts were theh boiled with charcoal, filtered hot
and concentrated to about 250 cc . Dinitroditolyl crystallised as

cream coloured needles, MP 110°, Yield 11 gms.

s 5-Dimethylbenzeinnoline oxide. A solution of dinitooddtolyl (Q°67 gms)

in 2lcohol (65 cc) waes warmed and e hot solution of sodium éulphidc
(4*7 gms) in water (3 cc) added in one portion. The whole was
refluxed on the water bath for 1 hour, most of the alcohol evaporated
end the residue poured into water, The product was crystallised

from alcohol giving a mixture of needles and brown prismé. The
needles were identicel with the starting material, the prisms, which
melted at 132° copBisted of the azoxy compound. Trestment of this
azoxy compound with the theoretical quantity of stannous: chloride

in hydrochloric acid gave a black tar accompanied by some

disminoditolyl, NP 135°.

4:5-Dimethylbengcinnoline. A solution of dinitroditolyl (10 gms)
in absolute alcohél (350 oc) was stirred mechanically while being

cooled in a stream of running water. 3 % Sodium emalgam (500 gus)
wes added in portions during 50 minutes at 15 - 25°, stirring
was maintained for a Burther 15 minutes and the temperature Jjust

raised to 40°, The dlcohol layee was separated and poured into water
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(1°5 1). The s0lid which seperated was filtered , dissolvea in
6 N hydrochloric acid , the solution of the hydrochlofides filtered
and made alkeline with ammonium hydroxide, The mixed bases were
filtered (6°3 gms) end crystallised from alcohdl (25 cc) giving a
mixture of white prisms and yellow needles. Further alcohol was
added to dissolve the needles, the prisms were filtered off, they
melted at 135° and consisted of .6:6'-diamino-2:2'-ditodyl (3 gms).
The alcoholic mothér liquors were evaporated and the residue crystallised
from methenol (10 cc) giving fine yellow needles, MP 95 s 100° |
(2°5 gns). Two more crystallisations from methanol gave bright

yellow needles of 4:5-dimethylbenzcinnoline, MP 113°, Yield 1°5 gnd.

Action of sodium arsenite on 2:2'-ditolyl-6:6'-tetrazonium chloride

Dieminoditolyl (1°4 gms) wes dissolved in 2 N hydrochloric ecid

(17 cc) and cooled to 0°. 2N Sodium nitrite (7 cc) was then added
drop by drop. After 30 minutes the tetrazo solution was made neutral
to congo red peper with 2 N sodium carbonate solution and siphoned
inbo an ice cold solution of arsenious oxide (2 gms) in 2 N sodium
cerbonate (20 cc) containing some cupric sulphate.. A brown solid
was precipitated and wes filtered off, It was non - basic and was

not investigated further.

4:5-Dimethylbenzcimoline in ethyl d-tartrate.A solution of the
base in ethyl tartrate (2 gms / 5 oc) wes allowed to stand at room

tempersture for several days and then the solute recovered as usual,



4 solution of 0°25gmé in 16 cc chloroform, O = 0°00°

Firgt order asymmetric transformation of 4:5-dimethylbenzcinnoline
d~camphorsulphonate.

Dimethylbenzcinnoline (0°104 gms) was dissolwed in 10 cc chloroform
and d-cemphorsulphonic acid added (0°111 gms). As soon as &ll the

acid had dissolved the volume was made up to 15 cc, 19°c.

Rotation 4+ 1°23° 4 1°18° 4 1°15° ¢ 1°11° 4 0°959°

Time (min) 8 20 26 43 115

Rotation + 0°85° 4 0°80° + 0°77° = 0°%39

Time (min) 180 263 310 360

Totsl change in specific rotation wes from + 16°8 ° to + 10°5 °

Preperation of = semple of 4:5-dimethylbenzcinnoline containing
an excess of the 1 form.

Dimethylbenzcinnoline (0°4815 gus) and d-camphorsulphonic acid
(0°7610 gms)were dissolved in chloroform and the solution d@iluted
to 50 cc. Two portions of 20 cc egch were removed frok the sojution.

a) The chloroform solution of the camphorsulphonate was extracted
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wibth dilute ammonium hydroxide solutiop, the chloroform layer separated

and extracted with dilute hydrochloric acid. The colour of the
dimethylbenzcinnoline hydrochloride being too intende¢ to allow of
polarimeter readings being taken,the.solution wes therefore made
plkshine and the base extracted with chloroform, the chloroform
soiution was dried roughly by pes:ing through a paper filter . The

solution was optically inactive,



117.

b) The other portion of the solution was quickly evaporated at
23° -in vacuo., The residue was treated with ammonium hydroxide and
the precipitated base filtered,washed and dried.
Solution of 0°1488 gms in 15 cc chloroform, 20°,
Initial rotation (16 minutes after wetting) = - 0°12° & 0°04°
‘i-‘i.u"n'zg o fokcro in a few hours.
Owing to the intense colour of the solution no rate measurements

could be made,
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