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Growth Factors and Growth Factor Antagonists.

The introduction consists of a brief review of the
gubject with special reference to antimalarial agents and

haematopoietic factors.

Part I. Some synthetic Biguanidife derivatives.

It has been suggested (Curd and Rose, Nature, 1946,
158, 707) that the activity of paludrine as an antimalarial
ls due to the interference of a dimeric form with a

porphyrin enzyme system essential for the growth of the

plasmodia.
C N;‘ NH
W .
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Paludrine.

Hawking (Nature, 1947, 159, 409) also showed that paludrine
was lnactive as an antimalarial in vitro, but was converted
into an unidentified biologically active material in vivo.
Oxidatlion to a benziminazole is one possibility, and a series
of 2-guanidinobenziminazoles, which are structurally very
similar to paludrine, was synthesised for biological
examination.

The benziminazoles (1 to 15) were all made from the

appropriate o-phenylenediamine dihydrochlorides and



dicyandiamide, or isopropyl- or n-butyldicyandiamides
in aqueous solution, and were usually purified through
the picrates or copper derivatives. The hitherto
undescrived alkylatéd dicyandiamides were prepared
from sodium dicyanimide and the appropriate amine

hydrochlorides in boiling n-butanol,

R N NH
\i 2 Q"
Al N ~C~NH
R. R'. R"™ R. R'. R". R. R'. R".
1. # H H 6. MeO MeO H 11. C1 H®  i-Pr
2. Me H H 7. Cl C1 H 12. Me Me i-Pr
3% Me0 H H 8. H H i-Pr 13. MeO MeO i-Pr
4 kcl H H .9 Me H i-Pr 4. €1 C¢1 I-Pr
5. Me Me H 10. MeQ H i-Pr 15. MeO MeO n-Bu

These 2-guanidinobenziminazoles, as their

hydrochlorides, were tested against E. gallinaceum in

chicks, or P. relictum. in canaries, but only two, 7 and
14, had eveh slight activity. These results showed
that 11 could not be HawKiné% biologically active
metabolite and do not support Curd and Rose's theory.
The bimolecular form of 11 is no less like the porpayrin
ring'system than the postulated paludrine dimer.

None of the £-guanidinobenziminazoles showed large
bacteriostatic action against B. coli, or S. aureus
broth cultures.

Attempts to synthesise the 2-guanidinobenziminazoles

%# Experiments by P.C. Spensley.
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in the reverse direction failed. 2-Cyanamino-
benziminazole was not formed from o-phenylenedlamine
and dicyanimide, and when prepared according to
Pellizzari (Gazzetta, 1921, 51, I, 140) could not be
induced to combine with isopropylamine.

The product »f the reaction of o-phenylenedlamine

with dicyanimide, 2:4-diamino-1:3:5-triazabenzenine (16),

is a derivative of a new heterocyclic system. It was
stable to dilute acld and alkali, and like its 1-methyl

derivative (18) did not react with nitrous acid.

A geries of these benzepines was prepared from the
appropriate diamines and dicyanimide, and one (20) is a

possible paludrine metabolite.

'
Ry
N\
NHJl
R. R'. R. R'.
16, H H 19, C1 Et.
17 ©C H 20, €1 i-Pr
18, H Me

The compounds had no effect on the growth of B. coli

or S. aureus broth cultures,

Part I1I. Alloxazines and isoAlloxazines.

This was a continuation of earlier work by the

author and Prof. F,E, King (J., 1946, 681), on the

e o Experiments by P.C, Spensley,
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preparation of alloxazine derivatives for biologlcal testing.
Piloty's synthesis of alloxazines (Annglen, 1904, 333,
44) was extended to the isocalloxazine seriee, and violuric

acid was found to react with 3-dimethy1amino-p-giethvlamino-

ethylaniline to give the corresponding isgalloxazine (21),

isolated as the yviolurate. The constitution was proved by

an independent synthesis from 2-amino-5-dimethylam1no-p-
diethylaminoethylaniline and alloxan, showing that the violuric
aclid condensation took place in the 4- position, rather than

the 2- position of the benzene ring.

|
=0
P4qJV , .

21.

The 3-dimethylamino-f-diethylaminoethylaniline was

prepared from 3-dimethylamino-p-toluenesulphonanilide
by alkylation and hydrolysis. The amine for the alloxan

condensation was the reduction product of 2-nitro-5-dimethyl-

amino-B-diethylaminoethylaniline, obtained from f-diethylamino-
ethylamine and 3:4-dinitrodimethylaniline.
The reaction of violuriec acid with 3-amino-N-methylaniline

was investigated as this could give an



alloxazine and/or an isoalloxazine, assuming that this
d -—

condensation also takes place in the—#= position of the
benzene ring. A comparison ot the ultra-violet
absorption spectrum of the product with those of

7-dimethylaminoalloxazine, and 7-dimethylamino-9-

methylisoalloxazine, prepared by Piloty's method,

showad that it was inhomogeneous. Its sulohuric
acid solution was therefore treated with sodium nitrite,

The precipitated 7—(N~nitro¢o—”—metnviamino)—alloxazine

was collected and the filtrate gave an olive green
azo-dye with g-naphthol in dilute alkali. From the
respective yields ot these products the ratio of
alloxazine to isoalloxazine in the mixture was
aprroximately 1O:60. The first stage of the Piloty
reaction is probably the attack of the 4-carbonyl of
the violuric acid on an amino croup of the diamine,
If the first stage were the attack of the oximino
group in violuriec acid on the benzene nuclsus the
initial product would be an anil of a type that does
not cyclise to an alloxazine derivative (Tischler,

Wellman and Ladenburg, J. Amer..Chem. Soc,, 1945,.§z, 2165).

Part III. The synthesis of some Benziminagoles

The reaction of phenylacetiminomethylether with
o-phenyleneddlamine” to give 2-benzylbenziminazole was

investigated. The free iminoether reacted with the
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diamine only at elevated temperatures to rive poor yields
of the benziminazole, but the reaction was acia catalysed.
In the presence or one, or two eq: ivalents of acid good
yields of the benziminazole were obtained, but if three
equivalents were used the yield dropped. This was also
found with phenylacetiminotniobenzylether, and the
reaction mechanism has oeen internreted as an attack of
the iminoether cation on an uncharged aromatic amino
group.

The reaction was extended to various mono-N-alkylated
o-phenylenzdia ines with good results.

Three benziminazoles (£2-24) were prepared, for
antimalarial testing, from the appropriate diamines by the
Phillips method; 22 and 23 were inactive against P.

gallinaceum in chicks, and tne results for 24 are awalted.

CHy. CH, CHy NEY
i

R

R Me

2r>. R = H’ R‘ = Gll
“%y R = Cl, R' = H.
1le R = R' = C1.

Acetiminothiobenzylether hydrochloride with 9-amino-
b—chloro—X—diethylaminopropylaniline also gave £3, but

only small guantities of 22 were isoiated from the
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reaction of acetiminomethylether hydrochloride with 2-amino-
4-chloro-¥-diethylaminopropylaniline under various conditions,
The main product of the r=saction was provisionally regarded

as 2-(N-acetamidine)-4-chloro-¥-diethylaminopropylaniline.

In support ot the idea that the electrophilic chlorine
atom para to the secondary amino group in the amine was
reducing benziminazole formation the corresponding <Z-amino-
4-methoxy-Y¥-diethylaminopropylaniline gave a much larger
yield of l-(X;dietnylaminopropyi)-2—methy1—4—mcthoxy—
benziminazole with acetiminomethylether hydrochloride than

the chloro derivative.

Part IV, The synthesis of Pteroylglutamic scid snd Related

C‘*ifr‘HdQC;:>_-(;C7C)E;t'

-~

20,

Compounds.

The benziminazole analogue (25) of ethyl pteroate
was prepared from chloroacet-2-nitroanilide, which reacted

with ethyl p-aminobenzoate to give 4-carbethoxyphenylglycine-

Z2-nitroanilide. On hydrogenation this gave the corres-

ponding amine which cyclised to ethyl N-{2-benziminazole)-

d-aminobenzoace (25) under acia conditions. Others
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completed work in this series, and details are in press
(King, Spensley, and Nimmo-Smith, Nature, 1948).
N-(2-quinoxaline)-4-aminobenzoic acid (26) was

prepared from 2-chloroquinoxaline and p-amlnobenzoic acid.

It had 1little effect on the growth of S. lactis R.

NH-@‘COR

26. R = OHO
27. R = 1-, NHCH(COOEt)CH2CHoCOOEL.
28. R = 1-, NHCH(COOH)CH,CH,COOH.

The pteroylglutamic analogue (28) was prepared by

the hydrolysis of ethyl N4-(2-quinoxaline)-4-am1nobenzoyl-

l-glutamate (27), the condensate of 2-chloroquinoxaline
and ethyl p-aminobenzoyl=l-glutamate., Its inhibitory
action on the growth of S. lactis R was prevented by
pteroylglutamic acid, and quantitative biological results
are awaited.

Many attempts to synthesise N—(quinoxaline-a-methyl)-
4-aminobenzoic acid (29) and some of its derivatives were

made.

CH— NH @— COR



OH.
OEt.

29, R
%0, R

nn

It was not found possible to prepare 2-bromomethyl-
quinoxaline by any route examined, but quinoxaline-2-
aldehyde reacted with p-aminobenzoic acid, and its ethyl
ester, to give the corresponding anils. Nothing
homogeneous couid be isolated from the reduction of N-
(nruinoxaline-2-methylene)-4-aminobenzoic acid, but a poor

yield of ethyl N-(guinoxaline-2-methyl)-4-aminobenzoate

(30) was obtained from the reduction of the corresponding
ester. One attempt at hydrolysis failed.

Vethylglyoxal on bromination gave momooromrorsethyl-

&.7v~l, which reacted with 2:4:5-triamino-6-hvirovyrrimidine

and n-aminobenzoyl-l-glutamic acid to give a product

containing avout 5% of pteroylglutamic acid.
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rowt ccbors and Growt actor tagonlots.

The naecessity of the presence of certain materials for
the normal growth of all liv;ng matter has long been recognised.
Materials, without which s specifie organiem fails to grow or
dovelop normelly are known asﬁgrowth fractors" for thst
organism but the term is often applied to materlals only
re ,:ired in small quantity. The growth factor requirements
of different orgeniums vary grestly. Some hsve the power
of synthesising most, or &ll of these materials from simpler
‘substances, while others have not. then an organlsm csan
synthesise one of these it becomes independent of an
external source of supply, though the presence of the subst.nce,
ueuslly termed an “essential metabolite” in the organism is
necessary for normal growth.

Fildes and others (1) have shown that the antibacterial
action of various drugs moy be ~ue to three types of inter-
feprence with essentiil metabolites, and thesc will now be
considsred.

The growth of cert:in annszrobic bucteris 1s stopped by
the »ddition of vurious oxidizingz us,;ants, but only 1f these
gubatances penstrate the eall wsll (Z2). Jrowth resturts
when all the osxidizing g eat has usen rediced by the orzunism,
gsuggesting that the antibucterisl .ction is due to the msteri:l
oxidizing an essenti:l mets.olite involved in sn oxid.tion

reduction procesa,
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The second class of bacterial growth inhibition is cuused
by compounds which react with sssential metabolites to form
an inactive product. The antibascterial setion of mercury on S.
aupesus, which reguires compounds containing thiol groups for
growth (3) 1e of thie type. The growth inhibition, within
limits, iz specifically neutrsliged by --H groups (4) snd
hydrogen sulphide (6), which proreientially combine with the
mercury snd releass the essential metabolite, The toxic
effect or arsenic in the blood of animals is similurly
neutralised by treatment with 2:s-dith10pr0panol,as the metal
combines, with this thiol in preference to the biologically
escentisl compounds in the tissuesi(l47).

The third type of interference was suggested from
investigations into the mode of ac}ion of the very important
antibacterinlz, the sulpnonumides.i The first theory of
their mode of auetion, for which there was no evidence, wus
that of interference with s bacterlisl proteolytic enzyme
syatem (6), ¥eIntosh and whitby later postuluted interfer-
ence with an enzyme system blocking a vit=1l food sup»ly (7),
and Stamp (8), &nd Green (9) obtained bacterial extracts
preventing the antibacterisl action of sulphanilumide, This
was the first time a sulphznilamide .atugoniet had be~n found,
" though ioods (10), assuring that sulphanilamides acted through
chemical combination with an essentisl metabolite, hud

exzmined many compounds for this kind of activity. He slso



found that yeaat extrascte had‘this property snd showed that é
proportionulity existed betweén the _uantities of axtruet
rejuirsd to asntagonise the effect of various yusntities of
sulphanilamide., This led to the ides that the sctivity of
the drug was due to its sbility, b;cause of similar chemical
properties, to compete with =n essentiul metsbolite for en
enzyme system in the bacteria, YVarious analagous compounds
to sulphanilamide were then examined snd p-amino-benzoic acid
was found to have the regiired bislogic:l properties in vitro,
ono molecule antagonising the action of 25,000 molecules of
sulphaniiamide. This inhibition of sulphsanilumide activity
is also shown in vive (30)., Very many derivatives of
sulphenilamide have been made in orcer to increase its use-
fulness as a drug (11), and some of these, e.: . sulrhzthizzole,
(I), snd sulphaciaszine (II) have much grester bucteriocidal

~ctivity then the parent compound. -

.
no"..@ So,.m@ NN;@ SO NH Q

1. 11,

More detailed stidies, sug:estin: thut the activity of the
sulphonamides was due to the :ctison of the ion rather thun thag
of the undiscociated moleculs, have be=n currisd out by Bell
and “oblin (12). They found that s plot of pKg against log

1/Cp, where Cp i1z the minimum molar conc-atration necessary to
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prevent growth, for u series of aulphonumidea; gave a curve
with the uctivity psssing through a maximum, Tp to a 1limit,
the bacturiocidal asctivity of the sulphonumides incrcaced with
their scidity. This 1s steted by 30ll and Roblin to bs due to
the electrophfliic sulphonsmide sitctitusnts increasing the
negative charges on the 80g group and thus increasing the
similarity to p-aminobenzolc acid.

More electrophillc sulphonamido substituents (R, in iv') will
move this negative charge towszrds the nitrogen snd awuy from
the 80: group, decreasing the.simiiarity to peaminobenzoie
acid (III) end- explsining the £all: in activity.

H ,
-~ N \ / N H\ /H
N N
698 | 1l
¢ah
- o
el A A R
AN o o s\0
Yo ks Yooyt
111, v.

This correlation between & physic:l property and bilologleal
activily 1¢ very importi:nt, and :n e:x:minction of the ¢reph
+howg thet the ﬁighest besctericcidnl cotivity probabiy
artsinrble in this series is .‘ho.n .y wnlphathiazole (I) and
the . rimldines, Other theories huve nlr-o been put rrword
to expluin the different sclivities of various gulphonamides
(13) but they hsve no declain; evidence in their favour,
Henry (14) has stated that sulphonsmides are bacterio-

ststs, but 1t hss been conclu:ively shown that they are
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bacteriocidul in action (13). Wolff and Juliue (16) have
proved that they are vacteriocidsal to the logarithmie phase
of bucterial growth, and hav:e no action on the resting
condition,

0'Meare (17) has recently discussed the in vitro action
of sulphonsarides, and McIlwsin (18) h:s shown that there is
no bulk displucemznt of p-aminobenzoic acid from bacteria by
sulphanilumide, This muy be explalned by assuming that the
cell wall has = selective permeubility, but this seems |
unlikely =nd the p-aminobenzoic vcld is probably "bound” 1p
some way in ths orgunisn. . Numerous other substences apart
from p-aminobenzolc acid huve beea found to antagonise
sulpl.on.i-ide sction, €.s. wcthionine (19), adenine (20),
urethene (21), and zn unidentirfied zub-iunce, not p-amino-
benzolic acid, isoleted rrom yeast extruct (22).

Th: metsnolic products of sulphonsmides in various
animal: hsas besen investigated, :nnd the isolsted products,
ucus1ly hydroxylated compounds, have little bacteriocldal
activity. sulphacuinoz=line (V), for exumple is converted
into VI by vats (31) and sulph:nilemide into VII by r:tbits
(%2) and by msn (33).

HO . __

- . NH =\go, Nt
g OB G

Ve Vi. V11,
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It is therefore clear that though the Pllaes - Woods
theory 1s a very useful working hypothesis the avidence for
it 1s not conclusive, The complexity of living organiesms
creates great dirficulties in the interpretation of experi-
mentél reenlts and there is no universslly accepted theory
of sulphonsmide sction at present.

verhaps the most important conse uence of this theory
1a3 that it indicntes how the structure of new chsmothera=-
reutic asgents mi-ht be modelled on krown growth factors.
The first substsnces erx.mined for gr-wth inhibitory section
on virious bucteria becsuse of structusl resemblznce to
a growth fsctor were pyridine-3-sulphoniec acid (vIiir,

R =20H) and its amide (VIII, R = NH,)s The inhibition
produced‘by thegse compounds was prevented by the addition of
nicotinie acid (IX) to the msdium (23).

,50,R (OOH ‘
> i
VIII. IX.

An enslogue of thiamine, (Y!{) pyrithiamine (XY, has been
prepared (26) and its growbh inhibitory effect on various
organisms rejuiring thiamine is removed by further additions

of th: latter compound (27). The relationship

\ \
M LTS PA:'___/( L . : CN“\
JI::IZ(ru;*Q;:1 iy~ \_Jy

YO

XI.
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of the two compounds has been examined further (28), end in
mice as 1little as 20¥ of pyrithiamine per day produced thiemine
deficiency symptoms and the death of the snimuls. All the
symptoﬁs could be cured by the addition of sappropriate
quantities of thiamine, .

o ~Aminosulphonic acide inhibit the growth of bacteria
requiring the corresponding -«-aminocarboxylic acids. This
inhibition is prevented by the audition of approprilate amounts
of the corroeponding<*-am1nocaﬁboxydic acids (24). 3imilarly
the inhibitory effect of pantoyltaurine on the growth of
certain bacteria is prevented by the addition of pantothenie
acid (25).

Very many compounds having structures comparable with
escontial metab~lites have been prepared snd tested for
biological activity (29) but o far no useful chemotherapeut-
icals have been discovered from this spproach. Chemothera-
peutical action only takes place in completely biologiecal
systems, and it 1is the differential sction of the drug on the
host and the parasite that 1s so important, Unless it 1s
'lerge. enabling the effective dose for the destruction of the
parasite to be much less than the toxic dose f»r the nosd, the
druag will be too dangercus to use, If more ware known sbout
the relative growth factor requirements of bacteria, other
parasiter, and their hosts, it should be poesible to predict,
with much more certainty than =t present, the structure of
effective chemotherapeuticals._

Most of the work reported in this thesis is concerned



with sntianwemia factors snd antimuleriulcs, so thaese two
subjects are now briefly dlucusased.

The important clinicsl effects of liver in the
trestment of un.emizs heés long been recngniaed. Jnell
and Petcorson (%+) succeeded in concentruting a materisl
(the "norite eluate fector") essenti.l for the growth of
L. gusei from liver. This substines also occurrea in
yeast, and Hutehings showed 1t wss = growth factor for
other bacteris (35) znd chicks (36)., Yitchell, Snell
and willioms (27) later obtained a spinach concentrste
("foliec acid") reiuired for the growth of 8. lactis R.
snd alsc effective for L. gasei. Pfiffner et al, in
1943 (38) isclated a erystailine materizl from liver,
culled viturin B,, which wss a growth factor for chicks
snd highly active for L. c-g2i. The rcterials from liver
and yeast hed e proximstely the some poteney for L. cased,
but . the former was the more sctive for Z. lactis R.

Both these materials were different from a substuuce
igolated by Kerenztesy (39), which wae about 2,500 times
ag astive for 8. lactig R as for L. casel, Hutchings et
u2l. (40) then 1solated s erystalline msteriel, £5-20" as
sctive for L. gasei as the liver factor, dbut only 67 sas
active for 8. lzcti. R. Its u.v. wbsorption szpsetrur w.as
gimilar to the compound from live®, and both mateorisls hsd
beneficial erfects on chick nutrition.

Chemical investigstion of the pure growth factors
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h=s conaiderablyAclariried the position, Angler et ul,
(41) hzve shown, by degradution and synthesis, that the
liver L. gaseil factor is XII (XII, Rel-, NHCH(COOH)CHg
CH-000H, R' = H), culled pteroylglutamic acid, =2nd it is
fidentical with Pfiffner's vitamin B, (42). They have also
shown that the L. casei growth factor obtained from yeazst is
pteroyl-triglutamic acid (43) but the mode of linkuge in

the peptide chain is not disclosed,

NH, R W
mc.ﬁ .ul(s, “coR
HO

XIX,

Fterole seld (XII, R = OH, R' = H) has .lso been syntheslsed
(41) und is & powerful growth factor for §. lsctis R. It.
huas 1ittle activity for L. gasel, and is inactive in the
chick, ‘

A very similur growth factor for 3. luctig R, having
little growth fector activity for L. cussl and none for
the chick, has been isolated from the fermentstion liquors
of Rhizopus Rigricans (44). It has baen identified and
synthesised (45) =nd is formylpteroic acid (XII, R = OH,

R' = CHO), .

Lampen and Jones (46) investigated the effect of
pteroylglutamic acid on the growth of bacteris prevented
by sulphonamides, but only a small reversal of the growth
inhibition was observed. ‘ahugen (47) found that

R—aminobenzoylgl-glutamic acid wes 8«10 times as effective
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&8 p-uminobenzoic ccld in preventing the growth inhibvitory
effcet of sulphanilumide on g. pluntareum, und p-:mino-
benzanéssulphonylﬁ;~glutumic gcid has little wucteriocidsl
activity (11). Little comnection there appears to exist
betwean the mode of action of sulphionumides rnd
pteroyllutamic scid.

Cther materials have been 1solated from liver,
Pfiffner ot al. (49) obt:ined a erystalline vitamin B,
conjugate, shown to be ptégoyl—heXuqutanulglutamio acid (50).
This has nly slight growth promoting zetivity for S.
lactis R snd L. gasel, but is strongly asctive for the
chick,

The cliniesl gffect of synthstic pteroylglutumic
weid -m vsrious types of ~niemiy hus teen compared with
thot of unpurifisd liver esxtract, end it 1s clsur Lthat
rteroylglutamic acid is noi the only hisemutopoietic fuctor
of imyortunce az the liver extr.ct is often batier, and
scta in a rather different way. H.1ll (61), compared the
snell and Williams splnach concentrate microblolozically
with pteroylglutaric acid,

His results indlicated that tie extrsct was a mixture,
woter expariments showed that this spinach concentrate
may contzlin two faclors asanciuted rzgspectively with
a:rly and late ucld production by 8. laetis R daring long
incubation (52). Huill :leo suggested, though the

evidence is scanty, that the compound asssociated with



eurly acld production w:s pterin-like, while the other
mat:rlsl was non-plterin-like in charucter,

3w1th (63) has rec:ntly isolited tvo red plgments in
very srmall yield from liver. These compounds ars highly
active sguinet pernicous snaemia, and may not contain a '
pterin unclsus, It 18 stuted "the pigments are differing
forme of the clancicmel liver fsctor postulated by Vinot and
Murphy in 1926 (64), and not some incomplete substitute such
eg thymine of folic aciag".

Rickes et &l., (134) huve zleo reported the ieolution
of a red crystalline ruterisl, viterin B;., from liver,

It has .n extremely powerful hacmstopodetic effect in cuasaes
of prernicors anaeiis, bul no cheawrleal dats hes peen reported
so far,

The confusion existiu; in this iield of ressarch, now
belins elarified, hie been ruinly duz to the uttempted over-
simplification of the Lroolin, Thr indiscrinincts nse of
the term "follc acid" to deseribe .‘rowth faetors for L. cssel
regurdlags of emire~ h-3 not nhelrped the sit: tion, nor has
the use of non-stundordised bloloziesl tests for the
examination of different concentratea. Much elucidation
rosains to be done and important edvences are expected in
the near future.

Wuinine has dbeon widely used since vory early tirece for
the treatment of malarls, It wae unsatisfactory in many

ways as an antimslorial snd atterpts to £ind a more
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offedtive substitute have been in progress for a long time,
The grestest efforts however took place during the last
war, when the: loss of Java deprived most of the world of
its wain sourcs of quinine,

Nethylene dlue wzs the riret aynjhotic.drus found. to
show sntimalapdal aetivity, and sghnleménn (55) made the
first advannizb{‘uhowing that the activity‘ineroaiqd with
the introduetion of 2 dfielkyleminoalkyl side chain inte
the molecules i NMamy heterocyclic compounds were them
examined, dut the gremtest activity was found in a series
of juinoline derivatives (66). The most aotive was
c:1led "plasmoquin” (XIII); Similar ecompounds had tho’

. game order'of activity (87) end Magidsen et al, (88) found
that the aétivity was greater when the nunber of carbon
atoma in the side chain betveen the nitroé;; atome was odd
than when it wee even, Plasmoguin has the dissdventage

of being rsther toxie, but recently an equslly active (59)
less toxic analogue hae been prepsred (60), and named
"nentaquine” (XIV). The relepse rate with patients treated
with thie drﬁg was much lower than when plasmoquin was

used (146) | |

MeQ? MeO

| o H= (P Pe)(C M) Ny gn(( Ha)s NHi-Pr
XI1I, X1V,
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Inveetigations into other ring systems (61) showed
that certain seridine derivutives had powerful antimalariai
- properties, and "mepccrine" (XV) wse one of the‘most
effective. The d- and 1- forms of this drug hsve been
obtained (67) 2nd show similar asntimelarisl snd pharmacal-
ogicsl prop-orties (83).

Sore other dsriv:tives of quinoline (64), prepared
first in Germany have been found to be more effectivs both
in avisn snd human mzlsris than any known deri#ativea of
ruinoline, and one, "chlorosuine" (XVI) h:s very similar
biolosiecal properties to mepacrine. It has the adventage

of being colourless,

NHLM'\{(U‘;),N&,_ Na(ﬂﬂc(( H;)JN&;
q - J ('/—n QJ
XV, XVI.

Many theories have been put forwerd to explein the
aetion of sntimalarisl drugs, but none are satisfactory.
¥asideon et el. (65) consider that the basic sidechain of
mepzcerine helps the drug to penetrate the cell wall, is
split off inside, and thst the residuel demethylated acridone
is the nctive plausmodicidal agent. Mepucrine is largely
metsbolised in the body, =nd Hammick and Mason (6€) have

shovn thet the corresponding 6-aminoccridine is one of the
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products,

Osaterlin (67) has suggested interference with a
riboflavine enzyme system involved in oxidation-reduction
processes, ss both‘qcridine and plasmoquin can be reduced
to dihydro forms. This is further discuesed in Part II
of this thesis,

Schonhofer (68) postulated that the antimalarial
activity of mepacrin was due to the possibility of
tautomerism of the type shown below, and it wae with the

help of this idea that "paludrine" was discovered,
i CHTe(tHa) NEre penfleleny )y Nexy

o= J:KDCT

o

Curd, Davey and Rose (summary, 69) decided to
investigate the antimalsrial properties of some pyrimidines,
as this ring system had considerable biologicel importance.
They found that, of many compounde inveatigated, the
2-p-chloroanilino-pyrimidines were active, e.g. 2666
(XVII), and that the attachment of a benzene ring to
either nuclei did not remove the zectivity. A number of
tautomeric poseibilities were discerned in 2666, and it
was thought that the activity might be connected with the
linking of a p-chloroanilino group to the aminoalkyl
group through a pyrimidine containing a prototropic system,

On this hypothesis s guanidinopyrimidine ((VIII), 3349,



was cynthesised and wss even more sctive againet F.

gallinsgoum in the chielk.
LI EA NH(th2) Ntk

U a ne ﬁ
oLe .

VI, ¥VI1IX,

A8 only those igomers of 2666 which had protropicslly
independent amidine éystems ghowed antimelarial astivity,

the necegsity for the pyrimidine ring in 3349 was doubted

and consequently XIX (R = NH CHeCHZNEY) wss syntheslsed,

but was devoid of sctivity.  Substitution of the less busic
dietnylanine for g-disthylaminosthylumine in the synthesis
led to & highly active material (XIX, R = Nilg), and further
investigation showed that the N e;ggpropylbiguanidina,
rpaludrine” (XIX, R = NHi-Pr) was the most potent antimalarial

in this series,

N R
" /
LI'O‘""“’- "o

XIX.

The methods of testing drugs for antimualarizl sctivity
huve been reinvestigated (69) and improved, but the great
specificity of antimslarisl action hes csused much anxlety,

Many drugs active ugainet bird mslsris are insctive when
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testod oclinie:zlly, and some drugs act nnly on certsin of the
bird pqrast‘héb; 3349 (XVITI), = development of 2666(XVIX,
astive againat P. gallinseseum and P, lophurse in shicke, dbut
insctive in human malaria) is more sctive agaiﬁst B gallgn;;ggm.

1s activo‘againat,jp ‘faleipsrum, P. gvale, and P, yilvsx in man,

but is inactive againet I's lophurse in chicks, Another

s-muthrlaﬂs-lsaprOpqugrchlorophonbeiguanidino,

exarple is N
itao(xxx, R=m NHeD;rPr ) which ig sctive sgsinst all types

of humen and bird maleris except [. csthemerium in canaries,
wvhile 1 oludrine 1= sctive ageinet this infection too.

More detailed specificitiecs are shown by psludrine, and the
very similsr cempound 4430, FPeludrine is en sctive
prophylactic asgainst all forms of bird mslsris, and partislly
at lesgt sgainot the various types of humsn melsria. 4430,
in scontr-st, ects se » proph&lactic only in the cnse of P.
gallinaaggﬁ (70). P. gallinsceum 414 not %@niro resistance
to mep=erine, ouinine, sulphadiszine or 7349 sfter 2% years
of intensive treatment, but @puired peludrine resiestance after
3-4 monthe., This waes tranemigaible through Aedes Aegyptl,
and the reeistance was probsbly due to a mutent strain,

A peludrine resistsnt strain wes slszo resistunt to the sction
of anzlagous biguenidines (including 4430) indicating s
pimilar mode of setion, but wss not resistsnt to the sction
of quinine, mepascrine, sulphadiezine, ?ése‘or 3249 (71).

It is clear therefore, that a 4rug sctive in bird maleris



and insctive in human mslarie will be discovered, but 1if the
reverse is truellt will be missed. This disadvantuge is
reduced by using msny types of experimentsl plusmodis in
their sppropriste hosts for preliminary testing, but cannot
be removed. Cultivution of malaris parasiies in vitro is
difficult. Preliminary testing on these cultures msy result
in active antimalariels remaining undiscovered as the effect
of the host on the drug 1s eliminated,
The life cycle of the malaria parasitc proceeds through
two types of host, the moeéuito, end birds and mammals, end

in diagrematic form is shown below,

Malarias Cycle,
11). Primasry exo- 111). Parasites
i1). Sporozoite., -~ erythrocytic - in red blood
(injected by : form, corpuscles.
Yosguito).

o l T
Development of . .. . v)., Gametocyte, iv). Secondary
gunetocyte to (Ingested by «— exoerythrocytic
sporozoites in the mos ulto). form,

mos uito,

’

Stage "ii", the primary exoefgthrocytic form, is ascured
to exist in all types of malaris, It hus been demonstrated
in the avian variety, and recently in . cynomolzi in

monkeys, where it concentr:tes in the liver (7¢). Paludrine
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(73) snd mepacrine, sre also largely concentrated in this
orgun. The only drug known to attack this stuge of the

life cycle in man 1s paludrine, which acts as ua causal
prophylectic with P, faleipsrum, and a partiel prophylactic
with P, vivux, Asexual reproduction of the parasites in

the red blood corpuscles, followed by their dlsruption owing
to the production of a haemolytic substsnce (74) by the
parasite, causes the clinieal symptoms, end this stzge of the
life cycle 1s ettacked by paludrine (and other bigusnidines),
quinine and me: acrine. The secondary exoerythrocytic form
is also attacked by paludrine and to some extent by plasmoquih.
but not by the other antimslarials. The gametocytes,
destroyed by plasmoguin still persist in ths presence of
paludrine, dbut do not develop in the stomach of the ingesting
moaquito if the blood of the bitten host contsuins this drug.

Complete cures of s fulciparum infections c.n be
schieved by one nontoxic dose of paludrine, e Vivux 1is
much more registant however, but the relapse r:te of treated
patients 1s mueh reduced 1f plasmojyuin is used in conjunction
with the p=2ludrine,

Some suzgestions concerning the mode of =etion of
p=ludrine h- ve been maede, and these are discusses in patt I
of this thesie.

The completely different biologicul sction of pludrine

to 1ts precursor, 3349, und the very sinilar bi usnicine 4430,



indicates that the discovery of this very important drug wss
fortuitous, though very well deserved. It ie undoubtedly
the best single dru; used in malaris therapy, and further
clinical results, especially in conjunction with "pentsquine"
are aweited with interest,

In the future, as in the past, it seems that the search
for antimslarisl drugs will continue 6n an empirical basis,
28 80 1ittle is known sbout the)metabolic procecses of the
parasites, Some investigations into the nature of the
enzyme systems in the parssites h.ve been carried out (75)
but the results have not sugugested the examination of any

more muterials for antimalarial sctivity.
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Part 1. SBome synthetic Blguacldine derivatives.

The mode of action of paludrine on tlie m:l i) parasite
is cle-rly different iron that of any ~ther antinmzlarial,

It does not asjear to be due to interference witi: & ribo-
flavine euzyne system beczuee the effect of Jailudrine on

L. cagel, uniike t:it of/me;.erine, quinine, 2666, and 3349,
is not reversed by tlie adiltion of riboflavine,

Curd and Rose (76) hav: sug eeted that t:.e ratizlasmodial
action of  aludrine is due io its interferc-ce sith another
growth factor requred by tic azl.rlal  ar-eite, ani st .te
that this nay be a highly s8:celfie _orvhyrin, (It 1& coinciicatal
tih~t one stage of the orjunisms 1life cycle takes place within
the red Slood Gorpuscle)., The evidence for tiiz i: the formation
of a corper axlt Uy paludrine containing one Lo of coprer
to two nolecul:zr of the isuanldine. Assuming a pl unr
ctructure the model of L:ig co:mund (XIX) 38 re.r~.bly like
tiiab of a porphyrin (XX). Curd and tose polnt out tuzt copper,
or a metsl, may not be implicated, but thst hydrogen bonding
may stabllise tie ormlivrin-like systeme. There iz no zvidence

however for cluierisatiosn in tae free Liguaanidine.

Cﬁf&ﬂ%

C,O




Hawking (77) hes shown that psludrine itself has no action

on in vitro malaria cultures, but that the eerum of patients
.treated with the drug 1s highly active, Pharmacological
studies (73) show that paludrine is largely metsbolised in the
host, supporting the implication f Hawlings work thut the
antimaelarial activity is due to a metebolite produced from

paludrine in the body of the host.
A

(‘ — ' /Nﬂjof"
N NN~L“N”

XXII.

There 1e no evidence as to the nature of this compound,
and it was thought thaet it might possibly be of the quinazoline
type (XXII) due to the interaction of sn aminoscid or sugsr
rezidue with the N3 atom and the benzene ring of paludrine,
Some preliminary experiments on the synthesls of guinszolines,
with the proposed preparation of XXV, (R = Cl), fot biologicul
testing, were carried out, but the project was dropped at an
esrly stsgs.

The proposed scheme of synthesis wus as follows (R = H, or

Cl) :=~



- P22 -

/N"~ N H
- ) ’N
R N¥W, R ﬁ““ "@N“ R Z# "J NHy
- ) ~s
3 o 0
XXIII. YOG, XXIvV,
0NH oW
R \ G

NR-(C
ne R 4 \
w e B
(&

and preliminary experiments were carried out using anthrsnilic

NKH-C
(LT
XXV,

acid and dleyandiamide. These compounds reacted to give a
product stated to be XXIV (78). The alternative structure,
XXIII seemed as likely and the substsnce ._ives a colourless
solution in alkald, Attempts were thersefore msde to
synthesise XXIII by an unambiguous route from 2-thio-4-
hydroxygquinazoline.

A emall yleld of a high melting compound was obtsained
when anthranilie zcid and thio-urea were heated together
(cefs 79). It analysed for CIGHIQONss instead of the hoped
for quinezoline and was not further investigsated,

Another route was now tried and methyl anthranilate
hydrochloride condensed with potassium thiocyanate to gilve
N-( 2-carbomethoxyphenyl)~thiourea , which lost methanol
when heated sbove 1ts melting point giving the guinazoline

(c. b i 80).



Treatment with methyl sulphate snd alkall gave
2-methylthio-4-hydroxyyuinazoline, but though it condenses
with eniline to give 2-phenylamino-4-hydroxyquinezoline (81)
nothing homogeneous could be iesolvted from its resction with
guanidine,

Large volumes of hydrogen chloride were evolved when the
hydrochloride of the anthranilic acid-dicyendiasmide condensate
was refluxed with phosphorous oxychloride, but the resulting
chlorinuted compound could not be characterised or 1lsolsted
in a pure state, It reacted slowly with boiling diethylamine

but nothing homogeneous could be isolsted from the reeulting

mixture,
o NM
N WA S < N
I B Y L U L ~wui-fr
Paludrine XVI,

The relationship of paludrine to other possible growth
tuctors re uired by the malaria parseite will now be considered.
One bilologlezlly active material to which 1t is related is
benziminazole. The exact an:logue of paludrine in this series
ig XXVI and the two compounds are very similar. The form-
ulation of XXVI from paludrine requires no rearrangement bdbut
only the loss of two hydrogen atome and ring closure.

Wwoolley has shown (82) that the growth of L. gasei, inhibited

by benziminazole, is reetored by the addition of gusnine or



adenine, so it was thought that pszludrine might be acting
thr~ugh interference with a purine enzyme system, This
benziminazole analogue of peludrine (XxVI), if dimerised
(c.f. XXI) gives a compound even more like s porphyrin than
the suggested paludrine dimer, and might also be a possibdle
intermediate in the metaboliem of paludrine. The synthesls
of some Z-guanidinobenziminszoles, including XXVI, for
biologlo=l examination therefore seemed well worth while and

wag immedistely undertaken,

"
3 /NHR

R ] -C
R

XXVvII,

2-Quanidinobenziminazole (XXVII, RsR'=R"=H) was first
prepared by 7iegelbauer (83) from dicyandiamide and
o-phenylenediamine dihydrochloride in ethanol st 105°,
although he assigned structure XXIX (Rz=R'=H) to the product.
This wss later corrected by Pellizzari (84) who also (85)
improved the method of preparation by refluxing the reactante in
boiling water, Reinvestigation has shown that a considerable
rednction in reaction time is possible and better yields are
‘obtained‘by using more concentrated solutions, The product
was identified by meuns of the nitrate and plerate, and the

other six compounds of type XxVII (R "=H), similarly peepared
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from the substituted diamines, were churscterised as their
Picrates, mono- snd di-hydrochlorides (see table p. 3l ),

The intermediates req:ired, apsrt from the dismines, for
the preparstion of N5~a1kylated-2-guanid1nobonz1m1nazoles are
clearly the monoalkylsted dicyandiamides, but as far as could
be ascertained none had been described in the literature,
Sodium dicysnimide, was known to react with two molecules of
alkylamine hydrochloride to give biguunidines (86), so attempts
were msde to dbéain the dicysndismides by using one eyuiv-
alent of amine hydrochloride. Nothing could be isol:ted from
the attempted condensation of sodium dicysnimide and isopropyl-
amine hydrochloride in the presence of agueous copper sulphate
(c.f. 87) but a small yield of dlcyandiaride was obtained by
condensing sodium dicysnimide with smmonium chloride in
boiling n-butenol. Similar condengsations with isopropylamine
and n-butylamine hydrochlorides gave good ylelds of isopropyl-
and n-butyldicyandiamides, which vere obtuined as glassy
=0lids, the isopropyl derivative ultimately cryctallising.
(after the completion of this work the latter compound was
prepared by May from isopropyl-isothiocyanute and reported
as n Zless, 88), It reacted vigorously with scetic
anhydréde ziving a solid, which by snalozgy with the compound

aimilurly preparec from dicyandismide (89) is believed to b=

c-igopropylamino-4~methyl-6~hydroxytriszine,
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From isorropyldicyandiamide and the appropriste o-
rhenylene-~ diamine dihydrochlorides in aqueous solution the
corresponding Na-iggpropyl-E-guanidinobenzlminazoles were
obtained, The hydrochlorides usnally fzailed to separaste on
cooling, and the free bases, liberated by alkali, generally
falled to crystallise at this stage, remaining as yellow gqma.
Purification through the copper derivatives, as in the palude
rine series (87) was achieved with Na-1sogropx1-2-guanigino-
ben~ziminazole (XXVII, R = R' = H, R" = i-Fr), and its 5-ghlore
derivative (XXVI), and the henziminazole: were finally isolated
as theilr highly erystalline dihydrochlorldes.

Purification through the picrates was much better than
via the copper derivatives, and the S-methoxybenziminazole
(%*xvIiI, R = OMe, R' = H, R" = 1-Pr) was isolated from the
reaction mixture as the picrate which decomposzed with aqueous
hydrochloric acid. The 6:6-dimethoxybenziminazole plcrate
(XXVII R = R' = OMe, R" = i-Pr) was not affected by this treat-
ment owing to its inesolubility, but the acdition of sther to
its solution in hot @-@tnoxyethanol in the presence of excess
propanolic hydrogen chloriae czused a uuntitative precipit-
ition of the dihydrochloride. This was ﬁndoubtedly the
best method examined for the purificstion of the benzimin-
azoles, and Ns-g,gggx;-z-guanidino-ﬁ:6-dimethoxx¢ (xxvII,

R = R' = OMs, R" = n=-Bu), Ns-isogrogll~2-guan1dino-5~metgxl-
(Xxvil, R = Me, R' = H, R" = i-Pr), b-chloro- (XxVI), end
5:6-~dichloro-
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benziminazoles (XXVII, R=R'=Cl, R"=i-Pr) were similarly

purified and isolated as their dihydrochlorides, which wsere

all colourless crystalline materials,

Attempts to synthesise the benziminazoles in the reverse
direction were also made. It was hoped to obtsin Z2~¢yanamino
benziminazole (XXVIII) from o-phenylenediimine snd dlecysnimide,

but an addition product, discussed later, wus formed.
NWy | Y . HCN i- P NHy "‘ ﬁu (./m‘j.ﬁ
@Nﬂ; (N.N“‘(N, El@" —) m T
XXVIIIX.

2-Cyanarinobenziminazole (XXVIII) was however obtained from
2-guanidinobenziminszole by the action nf nitrous acid (85),
but c¢nuld not be induced to combine with isopropylsmine
(experiments by F.(. Spensky).

The benziminazole: were tested for antimslarial activity
sgainet either P, gallinaceum in chicks; or [. relictum in
canaries, (sce table, p.3% ). None were afprecigbly more
toxic than paludrine, but at the maximum toleratqd doses only
two, 2-guanidino-5:6-dichlorobenziminuzole (KXViI, R=R'=(1,
R"sH) and its N5—1§gpropyl derivative (XXVII, =R'=(1,
R"=i-}r), showed even slight auctivity.

The sbsence or activity is purticularly interesting in

the case of Ns-isopropyl—E-guanidino—b-chlorobanziminazole
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(XXVI) which has the close resemblance to raludrine. Both
structures have the same capscity for tautomerism and
prototropy, and the analogue forms a copper complex, like
that of paludrine in which two molecules of the base combine
with one atom of copper, The only definite conclusion that
can be drawn from the inactivity of this analogue (XXVI) is
that it cannot be the active metacolite of paludrine produced
in vivo. Further conclusions are difficult to draw in view
of the extreme specificity of biological action, but the
porphyrin antagonism hypothesis is rendered unlikely. The
inactivity of these compounds msy also be considered to
support Hawkings work in that they muy be too condensed in
stricture to undergo the in vivo chemical chinge re riired to
give the activev compound,

The new amine obtauined from boiling aqueous dicysnimide
asnd o-phenylenedismine was isolsted as the nitrate, It was
further characterised as the picrste, and the free base, a
brown powder, tenacliously retained water, Analytical results
showed the amine to be un addition product of the reactants,
isomeric with 2-guanidinohenziminazole, It slowly lost
smmonia with hot 30% aqueous sodium hydroxide asnd was de-
composed by hot concentrated hydrochloric acid. Nothiag -
homogensous could be isolated from these reactions. The
amine failed to react with nitrous acid, unlike 2~guan1d1ﬁo-
benziminazole, so the only likely structure for it 1is XXIX



(ReR'=H), 2t4~dismino-1:3-i§~triazabenzepine,

¢h ' NH
"
a ‘ ﬁ‘}f" R H
S, W\
w=C3NH 4y N
Peludrine, . XXIX.

The formation of & 7-membered ring from,g-phenjlenodiamine
also takes place with ethyl malonate (90) and acetylucetone
(91).

‘ No compounds of this venzepine type, cyclic bigusnidines,
havé hitherto baen described, and in view of the chembthera-
peutical importsance dr biguanidines it was declided to prepsare
a series for bilologic:1l testing, The 7-chloro~-derivative
(xxIX, R=Cl, R'=H), prepared from 4-chloro-g-phenylenedi:rine
as before, was isoluted aas the picrate and convertad to the
hydreted hemisulphate by the methodvused with the alkylsted
guanidinobenziminuzoles.

An extension to the l-zlkylbenzepines was contemplated
end it was found that N-methyl-go-phenylenediunine rescted
with dicyanimide, us before, to give the benzepine (X<IX,

R= H, R'sMe) 1solats- as the dipicrate. l-Methyl-i-

Zuanidinobenziminuzole, obtained from the sume diz~ine and

dicyandismide forred a monoplierste under the samm conditions.
The l-methylbanzepine gulphste f.iled to resct with nitrons
seid, confirming its structure, The synthesls of l-ethyl-

snd 1-isopropyl-8-ghloro-£:4-dismine-1:3s6-triaza-bsenzepine
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sulphates (XXIX ReCl, R'=<it and i-Pr respectively) was
achievea from the appropriate diamines by the same route;
the latter compound is of interest in being a possible zctive
metabolite of paludrine, It has however, a "blocked" smidine
system, and the results of antimualerial tests are awaited
(see table p 33 ), None of the benzepines showed sny
activity against S. sursus or B, coll broth cultures.

The diamines reguired for the preparation of the last
two benzepines were obtsined by catalytic reduction of

g-nitro-b-chloro~N-ethyl, and N-isopropyl-snilines, synthesised
from 2:4-dichloronitrobenzene and the amines st 2000.



iologiesl gts on ths 2-zuuanidinobenzirminazoles
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The ring size in mm., produced by the drug at a concentration
of 1 mg./ml. when tested against broth cultures of 3. goli
(column A), $. sureus (column B) and 3. pureus diluted
1:1,000 (eolumn C), is recorded below, with the results of

the antimalarial testing,

R R'. R" Salt, Ae B. Co Tszsted niainst: Activity,
H H H 2HC1 - - e« gallinaceum, N1il.

Me H H £HC1 - - - P, relioctum, Nil.
Me0O H H £HC1 - - I'e gallinaceum. Nil,

< H H fHC1 - - ¥, gallinac=ur, Nil.

e Me H HCl. 180 - - trice ¥, relictum, Nil,
MeO MeO H HCl,H,0 - - - P,y relictum, Nil.
Cl ¢€1 H HCleHgO - -~ = F. relictum, Slight,
H H i-Pr 2HC1 - - hot tested.

¥Ye H I-rr &iCl - - - I. relictum, Nil.
¥eO H  1-Pr &HC1 - - P. gallinaceum.  Nil,
Cl H 1-Fr 2HC1 13 26 I'e gallinac-ur, Nil.

Me Me i-Pr HCl.,H,0 <~ tracel3 1. relictum, Ni1l,
¥eO Me0O 1-!r £HC1 - - - F. relictur, T uil.
€1 ¢C1 i-Ir @2HC1l - = 10 . relictum, 3light,
MeO MeO n-Bu ZHC1 - trace - Is relictun, Nil,

* Prepared by P.C, Spenslay, according to the method used
for the unsubstituted derivative (XXVII, R=R'=R"=H),
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Bilologic.l Tests on the Benisuincs,
o

Activity.

N Hy
R'. salt. e e oo Tested ny:dnst:
H HNOB - -
H 0,.1H,0 - -
Me §04? 8 - traca.
Kt HOSO4.H28 - -
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Part II. Alloxszines ¢nd isoAlloxszines.

e

Soms preliminsry experiments on this subject were
carried out by A.B. Yorke-Long (Part II thesis, Oxford
University, June 194t). An independent investigation and
exteangion of his work showed that m-st of it wss misleading,
and none of the results reported here sre due to him,

Riboflavine is a growth factor of great importance and
i1s u constituent of st least two coenzymec involved in
csrbohydrate and amino =cid metabolism, Many very similar
enmpoundes have been prerared and examined for vitamin, and
antagonistic'activity. Ribvofluvine sctivity has bsen found
in et least five isosalloxazines (99), but most of the
compounds examined have been inactive, or wezkly antugonistic
towerds the vitsmin, 6:T-Dichloro-9«d-ribityl-igoalloxzzine
is however & powerful antsgonist (100), and antagonices the
Zrowth of orgsnisms bolh independent of and dependent on
preformed riboflsvine, The oxidatisn potentisl of this
compound (8 = -0.,095v, pH = 7) differs considerably from
thst nf riboflavine (Bg = -0.185v, rH = 7) &nd this may be
the cause of the sntagoniam, fno0lley (101) hss also
ghown that the growth inhibitory action of = diamino-
dihydrophensazine derivative, stated to be XXX, on certain
organisms is reversed by ribofluvine, There iz not
sufficient evidence in his pzper to sssi:n this structure

to the phenazine which 1s synthesised by an smbiguous route
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and structure XXXI is not excluded.

€ 1y (CHON),CHLON My (¢HOH)CHa O
V \ \ I
ﬁ ‘§ f"‘/ N NH’
o
xxy, M% YR,

Oesterlin (67) suggested that the antimalarial agtion
of mepacrin was due to its interference with s riboflavine
enzyms aystem, As it 1s imposeible to slter appreciably
the rivoflavine concentration in the body of the host, the
action of various drugs on L. gasei, which rejuires
riboflavine for normal growth, was examined (76 and 102).
The zgrowth inhibitory effect of mepacrin, propamidine,
auininq,methylene blue, 2666 and 3349 was reversed by the
addition of ribvoflavine, but the action of other bacteriocidsl
areants was not affected. This led to the prenaration of a
series of basically subatituted igoslloxa~ines (x<¥II) with
the 21ialkylaminoalkyl groups of current antimslarials in
r~sition 7, and various substituents, =.g. R, R', = H, Cl,

OMe, “e, in the benzene rini;, by the suthor with

(CH)aME
\

R sz~ 0
R MH
O

pProf. F.i. King (103), =2nd others (104), but the compounds

prepared had no large bact:rioststic or antimularial properties,
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cne purt of the progr:mme in thie laborutcry included
the preparstion of some 9-~diethylaminoslkyl-isoelloxezines
with amino groups in the benzene ring, for blological
testing.

Some aminoailoxzazines had ulrezdy been prepared by
Piloty (105) from the interaction of me-phenylensdismine
and violuric acid, or its l:s-dimethyl derivitivae, As
21 4=diamino-¥=diethylaminopropylaniline did not give the
expected isoulloxuzine with alloxsn under the usual
conditions (King and Acheson, 103.) it was decided to try
and extend Piloty's synthesic to the isgalloxazine series.

The formation of an alloxuszine from m-phenylenediamine
(XXXIII ReNH,) and violuric sciad requires\an active position
in the benzene ring ortho- to an amino group,. Three such
nrositions, two of which are equivalent, exiet in this amine,
snd the product esn be either the 5 (XXXIV) or the 7-amino-
alloxazine (XXXV). Piloty however suggested that the

7-amino compound wes formed,

R*—-—\NM o M O
C If:' Qwa” v
§ v > 0 o

]
AXXIIT. XXX1v. YXXV,

Ganapathi (106) while attempting to prove this, condensed
1: ¢: d=triuminobenzene with slloxan snd obtszined sn sminoe

alloxazine, probably a mixture of the 6- and 7-isomers,
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vhich he comp:red with the c-mround nbisined by Tiloty's
mathod, Both meteriale were very sparingly soluble
golids with high decomposition wcints, which rendered
their comp-riron inconclusive,

The 7-:.mino structure for Filot,'s comprund 1= now
confirired by vnalogy with the resulte of the following
ax arimaent=,

S-Dimethylemino-P~dieth laminoethylceniline (XX..VI, R = H)

rescted with violuric :cid in hot asgueous slcoholic solution

to give 7-dimethylaming-9-(B-diethylsminoethyl)-isonliox:-zine
(XXXVII), which sepsrated s the viclurate tetrahydrate.

This compound lost most (3% mnl,) of its water st 1200,

the remnainder ot 150o in vscuo, and gave s cerystglline
picrste with agueoug codium picrate. The constitution

of the ico-.1lloxuzine was rroved by a synthecis from
C=irilno-5-dimethylamino-B-dieth /laminoethyl-niline (X¥'VI,

R = NHg) &nd allox:n in borlec-icetic ucid solution, which
¢-n only give the 7-dimethylamino deriv:tive, The

complete identity of both rroducts was estaeblished dy a
comparison of the violurate und picrste from both syntheses.
In contruat to the high -olublility of other 9-dialkylaminoslkyl-
isoslloxczines in water (Kipnis et al.,, 104), the carmine
7-dimethylamino-g-(p-d1Methy1aminoethyl)ﬁlgga1loxazine

free base is only slightly soluble, “Wut dilerolves easily in

dilute sodium hydroxide or mc-tic aecid,
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3-Dimethy1amino-p-diethylaminoethylani1ine, character-
ised ss the mono- and di-picrates, was prepared from

S-dimethylamino-p-toluenesulphonenilide by alkylation with
8 -chlorethyldiethylamine, the resulting oilly sulphonamide

bing hydrolysed by diluted sulphuric acid. The tetrasmine
used in the alloxan synthesis wes the reduction product of

2-nitro-5-dimethylamino-f-diethylsminoethylaniline, obtained

by heating B-diethylaminosthylamine with 3: i=-dinitro-
dimethylaniline, the lublle 3-nitro group being displaced
(e.f. 107). The preparation of the latter compound from
3-nitrodimethylaniline using nitrous scid (Hodgson and
Smith, 108) wus found to be unsatisfuctory and gave g
mixture of products. Direct uitration, mentioned by
these authors and used earlicr (1C.)), gave much better
results,

The use of a secondupry-tertiary saunine in the Piloty
syntheals admits only of the formation of «n isoslloxazine,
If however a meta-rrimary-secondary asmine, e.g, 2~smino=N-
methylsniline, is used in the condensation, =nd this

proceeds through the 6~ position nf the benzene ring se



- 38 -

bafsre, the produet msy than de sn alloxszine (XXXVII},

R = ¥e), -and/or zn isoalloxszine (XXYIX, R a Me).

R
RNN. o prptos 0 NPy O
povyt O
o o

XXXVIIT, XXX IX,

The product from this condensation, a microerystalline
red-brown poﬁder,was first thought to be homogeneous.‘
It was hoped to determine its structure by a comparison
of its ultrs-violet absorption spectrum with the spectrs
of reference compounds of definite structure. For this
reason the orunge-red 7-c¢imethylsminoslloxnzine (XL) was
synthesised from 3-aminodimethylaniline and violuric acid,
und the corresponding 7-dimethylamino-%-methyl-1sozlloxszine
(XLI}), u carmine crystslline neterial,vwas simil:urly

prepared from 3-methylamino-N=dimethylsniline, This wss

prepared from 3-dimethyl:mlno-p-toluenesulphon=iilide by

#1kyletion snd hydrolysis.

o
e O
(») )

XL. XLI,

The sbsorption spectra of these two compound:, the
nlloxazine (XL, p.39, curve 1), and the isgslloxszine

(XEI, p. 39 , curve 2), are similar, but there is an
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obsaervablse difl=renc= over the vhole rengc esumined,

The abeorption curve for the Z-aminomethyluniline - violuric
acid condensate (qu » curva 3) was found to lie between
those of the reference compounds, and it was clear that the
substunce was heterogeneous, Regpe: ted extraction of this
red-brown condecnsate with dilute hydrochloric acid, which
was designed to remove the rore basic isgwlloxazine, left
an orenge-red anlid whose sbsorption (p.39 , curve 4)
approximated closely to that of the atloxazine, The change
in colour on acid extrsction 1is signifiesnt in view of ths
different colours of the refsrence cormpounds,

The sbsorption spectra of 7-dimethylamino-9-methyl-
isoslloxazine differed considerstly from those of ribofl-vine
end some 9-@irlkyleminoslkyl-isoslloxazzines (adams et al,,
104). The whole curve was ehifted‘to the lower freguency
end of the spectrum as might be expected from the intro-
duction of ~n amino group, but the maximaz. present in
riborflavine and in adems's compounds at c.3500 2 had
vanished,

Further proof that the msterisl in question waes a
mixture was provided by the zction of nitrous scid,
Diuzotisation in sulphurie ecid solution guve the sparingly
soluble 7-(N-nitrosomethylsmino)-alloxs=ine, which wag
collected, and = =olution of Y9-methyl-isocsalloxazine-7-
dizzonium suirhute. This coupled with ulkalinep -naphthol

to give a deep olive green azo-dye. Diazotisation of
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T-uminoslloxzzine under the same conditions gave 2 clear
golution, and a learger yleld of & similarly colourad 2z0-f~
naphthol derivative. Acsuming that the yields in the
formation snd eoupling of the two diszonium sulphatea are

snout the sume, it is clespy that the ritlo of s1loxszine to
is0alloxa~ine in the msterizl ie sboutl 40:50,

Prom the sction of violuric scid on Z-umino-p-diethylamino-
ethylaniline, which was prepared from 3-nitro-n-toluenaguiphon=
(@-diethxlaminoetﬁzl)—anilide by hydrolyeis and reduction of

the resulting nitrosmine, = crystalline violurate was

isolated. This may have contsined alloxszine and/or
isoulloxazine, but its constitution was not further invest-
figated.

The higher proportion of ieoslloxazine in the mixed
product of the diémine - violuric acid condensation is to
be expected from the probable course of the reaction, 1.2.,
prelimiisry sddition nst the 4- or 6-garbonyl of the
pyrimidine followed by ringclosure between the jsonitroso
group and the activated 6-position in the benzene ring.
4ith amino groups of different basicitles, e.g. MH2 and
NHVe, resction with the more basie centre, MH¥?, would
predominate, leading to a larger proportion of 1soalloxazine,
Condensation of the isonitroso group with an sctivaled
position in the -rom-tle nuclcue ic very improbabls, since
the intermediste would be snalogoas to the so-cslled ¥oihling

products obtained when the condensation of g-diamines with



ulloxun is curried out in the Uscucu of ucid, snd Lhese
ire xnown Lo be extrenely resistunt to cyelisation (110).

Attempts have been n.:de, by Ganapathil (106), to
extend the Piloly synthesis to other m-substituted anilines,
but without success, from which ha concludss thot the
m=cmino group is spacifie Tor this reaction, It iy
evident, however, thut the degrae of uctivetion in the
arormatic nucleus ie the important fuctor, sinee from
g-crinoveratrol und violuric acid, in scetic scid solution,
it has baen possible Lo synthesise, thouzh not in a
spectroscopidully pure conditiou, 6:7-dimethoxyslloxazine,
The use of water as = solvent jjave s product contsining
only c. 9% of the slloxazine, vwhose constitution was
proved by .n independant synthesis from 4:6-~diarinoverztrol
and alloxan,

7-Dimsthylamino-9-(B ~diethylaminoethyl)-1:n31loxszine
hydrochloride‘(l mge/ml, ), 7-dimethylamino-®-methyl-igo~
slloxaszine and 7-dimethylaminosllox=zine (cstursted agueous
slcoholice solutione) showed no activity when tested sgsinst

o sureus broth cultures, The results of

s
~
i

—

Bs colil and

sntimalari=1l toeeting -re wwaited,



- D) -

Part III. The Synthesis of enzimina .

Most of the publighed methods for the uynfholis of
benziminazoles require fuirly vigorous conditions, under
which labile groups, such as peptide linkages, would be
docompoaed¢ The prejected synthesis of soﬁe compounds
with this typp of substituent (ses ogmaﬁbn 4) necessitated
a mild reaction tor the bullding up of the benziminaszole
nucleus, athqrwtsa this part of ths molecule would have to
be synthesised tirst.

The reaction of iminoether hydrochlorides and ethylene
disrine to give iminazolinea (113) tukes place under mild
conditions, and its extension to the beusininuzole series
wag contemplated. .

wheeler (114) obtuined 2-phenylbenziminazole and the
corresponding benzoxazole fwem benziminomethylether by
heating with g-rhenylenediaumine or gfamiaaphenol without
a soivent, and reported that littls, if any, reastion took
place in the cold. Yo ylelds arc specified, The
fortetion of ¢ ‘—phunyloenriminazole by this method is not
recorded in "Eellstein®, =nc the nethod ius rediscovered
by the cuthor. “‘hue slers obsorvetion has been confirmed by
citslogy we phewylacellrinonethylether dig not appear to
react with o-phenylenedianinz in toiling rnietliunol, but the
?qaition of 8 cryetel of inmdnostiier hydrochicride csused

& slow evolution of winmonla wiit. tihe production »f some

Py
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benziminezole. A mixture of the free iminoether and the
diemine bdegan to evolve semm-nia ot 1150, rapidly at abo&t
1500, giving =2 35¥ yield of the benziminezole. The
iminosther hydrochloride in methanol, however, reactedb
vigorously with cold methenoclic selutions of g~phenylenedi-
amine and its N-methyl derivativ~, to give good ylelds of
2-benzyl-, and l-methz;-z-bohlebenziminszo;g. and the
reaction has been applied to the synthesis of ~ther
benziminazoles, The yield of 2-benzylbenziminazole was
nearly as good when}g—phenylenediamino hydrochloride
replaced the amine in the reaction, but the use of the
dihyarochloride reduced the yteld by ebout 50x. FPhenyl
1acotiminothiobenzyléthor hydrochloride also gave good
yields of the benziminazoles with both diamines, but the
use of o-phenylensdiamine dihyorochloride egain gave a |
resuced yield.

This result follows if the first stsge in the reaction
i@ the sttuck of the iminosther cation on the aromatie
ciamine, If one e uivalent of scid is present there will
8till 52 ones unchargeu ummino 4roup 2vailubie for the
condensation, A second e .iivalent of acid jives both
‘aromatic amino g-ours powitive chergec, wnich wiil repel
the upprosch of the iminoether c.tiion, snd so hinder
resctions  Lhs eomplex (XLII) procuced by this reaction

is then assumed to lose ammonium chloride (Schmidt, 116)
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to give a substituted iminoether (XLIII), which can then
reast intramolecularly, losing methanol or benzyl thiel,
to give the bensiminasole. The alternative mechanism,
loes of methanol or thiol follewed by ringelosure of the |
reaultiné amidine, 1s less likely, as the Schnidl reaction

is usually much faster than amidine formation.

R Ve *
NM, ; M, / ,
‘a + Qu, € 4 @’ c-(H;’b «@
\ (L} * ‘\““2]“'" e l"“'lg |
- pMH
, XLiz, | ~M"ed
N
! N/, R
R = OMe, or BOHaCgHs. XLIIIX,

g~Aminophenol aleo reacted easily with acetiminomethyl-
ether, and acetiminothlobensylether hydrochloridee to give
2-methylbenzoxasole, characterised aahhe pierate, In view
of these two exp:riments the observation of Drozev and
Bekhli (117) that palaitlmlnoothyleﬁher hydrochloride reacted
with 2-hydroxy-3-piperidino-p-propylamine to give an iminazoline
is unlikely. The compound was 1solated from the rezetion zs
the dipicrate, and analytical resultes were poor. It is
provisionally regarded as 2-pentadecyl-5-(N-piperidinomethyl)=
oxazoline dipierate.

The structural) similarity of the benziminazele nucleus



to that of pleemnqiin sncd of the pirine ring systems
enggestesd thst the eynthesis of enme ben-iminaznles for
bacterinststic 2nd antimalsrial testing might be worth while,

ad "W o

N CH) N,
Benziminazole, Plasmogu;n., Purine,

some compounds in thisvserios. contéinins dialkilaminc—
slkyl groups, with alkyl and alkoxyl substituenis, had
‘elready been prepared, but were all devoid of antim&lariél
sotivity (aummaty, 115). KNone of the compounds described
and tested contained chlorine as & subsiituent, | This was
surprising in view of ilis great importunce in other
antimalarials, and the preparation of some chlorobenzimin-
uzoles was undertaken,

b=y And €-ghloro-t-methyl-l-(¥-diethylsminopropyl)-
benziminasole (XLIV, K = H, R® = 01, and % = C1, R' = H
respectively) were prepared from the uppropriaste diaumines,
obtuinesi from the corresponding 2=nitroanilines (103 and
121) by catalytic reuuction, u=nd zcetic acid in 4N agueous
hydroshloric acid (e.f, 118). 5:6-gighlorgf2-motgxl§l~
(Y-giethylaminopropyl)~benziminazole (XLIV, gla R' = J1)
was similsrly synthesised from 2-nitro-4:6-dichlioro=-§~-

diethyleminopropyluniling, prepared from 1:%-dichloro-~:

hB-dinitrobenzene and K—diothylaminoprapylamine.
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None of the Benziminazoles ahowed sny sctivity ugsinst

8. 3zureus, sr B. coli, at concentrstions of 1 mg ml, The

monochlors derivatives (XLIV, R = Hy «' = C1 and K = C1,
R' = H) were inactiva sgsinst . galliusceum in chicke, and
the regsult: for the dichlorobenzirinzzole (iLIV, i = R'
= Cl) sre svwrited,

The benziminezcle buses wore psle yellow oils, or low
m2lting solldes, which formed stuble gdiricr .t s and

dipierolonutec,

Attempts to synthese these benvi~ins=zcles by the
irinoether method weare satisfsctory in only one c:.se; the
6~chloro-compound ( XLIV, R = Ci, ' = H) was obtwinsd in
itnod yi9ld from the dis~ine i) acetiiinothiowsnzyl:ther
hydrochloride, sratiminomethyletlinsr Lydrochiloride re.cted
eagily #ith 2-a1ne-i-chioro=¥=dlstnyluiinopropyl:niline to

give sn onidine hydrochloride alonq; «ith 5mull ,r1.uatitisse

of ths nenzirvinezcle (XLIV R = H, k' = ¢l) isoluted ss the
diricrate, disilur recults were obtwines in the precence
of one pddition-l e.iveicut of hydrochloric aczid, bit in

the rresanc2 of two equivsilents no benrinmincszole was i:olsted,



The production of a little ammonium chloride in the last
reaction indicasted some hydrolysis, and this was borne out
by the nitrogen content of the product, The free amidine,
an o4l rapidly blsckening in air, was prepared by basifying
the aqueous hydrochloride, and was further characterised by
the preparation of mono- and dipicratecs. Though the
melting points of sll these derivativee were sharp, the
nitrogsn values were invariasbly low, but not nearly low
snough for the corresponding N-scetyl derivatives.

Attempts to synthesise XLV for ecomparison purposes
from 2-nitro-4-chloro-)-diethylaminopropylaniline by
acetylation followed by reduction falled. Acetylation wase
n~t sccomplished even by acetic anhydride in the presence
of sulphuric acid st 2000. or by the action of scetyl

chloride on a mixture of the amine and sodamide in boiling
xylene, ((' H2) 3 Ntr,

@N\co KHz
QNI N

XLV,

There are two possible structures for this amidine,
XLVI and XLVII, which 1s stable to distillation, Analogy
to the formation »f benziminazoles, or otherwise, from
alkyleted o-aminoacylanilides (119) is hardly justified us
the amidino group is much more highly stabilised than the
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acetamido group, The amidine, on refluxing with acetyl
chloride, gave the benziminazole (XLIV R = H, R' = C1) 4n
nearly theoretical yiela, Structure XLVII might bde
expected to acetylate on the primary amino group, while
XLVI might acetylate either on the gmidino gpoup, or on
the secondary nitrogen atom, The former seems more

1ikely, and by clevage of acetamide the benziminazole

could be formed, ((H,,)J Ng'x
|

L*“i}sh‘&\
Com O
Q NT L Q- mH
\Cﬂs‘
XLVI, XLVI1I,

A solution of the amidine hydrochloride in N asqueous
hydrochloric acid gave a deep cherry red colour with
nitrous scid, Treatment with dilute sodium hydroxide
gave a red-brown opalescence which guave back the red
colour on reacidification. alkaline p-naphthoi'solution
gave the sarme colour with the "diazotised" solution as
dilute sodium hydroxide. This suggests the absence
rather than the presence of a primary amino group in the
amidine, whose constitution is provisionally considered
to be XLVI,

Acetiminomethylether hydrochloride and 2-amino-4:5-dichloro-
Y-diethylaminopropylaniline, in the presence of two

e. . ulvalents of hydrochloric scid or otherwise, likewise
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failed to give the benziminazole, end the product analysed
for the corresponding amidine.

A partial expiaﬂation of these results has been found.
Steric hindrance seemseliminated because acetiminothio-
benzylether hydrochloride reasts with 2-amino-b-chloro-¥-
diethylaminopropylaniline to give the corresponding
benziminazole, and the reaction gives benziminazoles with
simple N-substituted dlamines. Assuming that a Schmidt
reaction takes plauce between the iminoether and the primary

amino group of the trismine, the product will be XLVIII,

i (CHa)g Ve
ot

'
u N=(-CH3
XLVIII,

If thic 1s to give the benziminazole (XLIV, R = H, R' = Cl1)
intramoleculsr reaction involving the secondary amino group
must tuke place. kTo obtain the amidine (XLVI) reaction
must occur betféeen the iminoether (XLVIII) and ammonium
chloride in solution. The relative basicity of the
sacondary amino group, depressed by the p-chlorine atom,
to that of ammonia, is therefore important, and the
reaction was ex:mined when the chlorine atom'was replaced
by a methoxyl group.
2-Nitro-4-methoxy-Jy~diethylaminopropylsnilihe (103)

was hydrogenated to the trismine, and i), convertsd into
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the benziminazole (XLIV R = H, R' = OMe) by the Phillips
method, for compsrative purposes, i1), trested with
ucetiminomethylether hydrochloride, From this reaction
a considerable quantity of benziminszole was isolated as
the dipicrate.

The effeot of p-substitution to the secondary amino-
group is thus demonstrated, and it is hoped to investigate
the reaction with substituted alkyiated diamines to
discover the effect of the Y-diethylaminopropyl sidechain
on the resction,

The zuthor is indebted to Dr J,W. Cornforth for sore

helpful discussion on the iminoether reaction,



- B8 =

Part IV. The Synthesis of Pteroylglutam
acid and Related Compounde

The muin aim of thie work was the preparation of some
compounds designea to entaugonise the growth promoting sctivity
of pteroylglutamic acid (XLIX, R = H, R' = 1-, NHCR(COOH)
CHgCHZCOOH) .

A number of compounds with this property have been
reported while this work was in progress, and are now
summarised,

Compound XLIX (R = Me, R' = d-, Nﬂcn(coon)cnngcoom,
prepared in a crude etate snd not chemicsally charactzrised,
reversibly entagonised the growth promoting action of
pteroylglutamic acid on L.  casei, snd 8, lsctis R, snd
caused typlcal deficiency symptomes when administered to rats
(123, 124). The bucteriostatic action of some pterins (125),
N4-(2:4-diam1nopter1dyl—G-mnthyl)-4—aminobenzoylglutam1c acid
(126), and pteroylaspartic acid (127) was also prevented by
pteroylglutamic acid. The delsterious effects of
ptﬁroylaspartic acid on chick nutrition were ulso prevented
by pteroylglutamic acid (127), and clinical exsmination of
magnesium formylpteroate and formyl-pteroylglutamate, .t

Preroylaspartic, oxypteroic, oxypteroylglutamic, and N4-
(4-qu1nazvline)-4-am1ndbenzoylglutamic acids has revealed
their inactivity against humsn anaemia (128).

L. czsel and 8. léctis R can develop in the abgence of

pteroylglutumic acid if certain purine and pyrimidine bases



are present (129), and the bacteriostatic effect of
benziminezole on the growth of yesst and two other orgsnisme
is prevented by sdenine (82), Though thie is not true of
E. coli (135) it was decided to prepare the benziminazole
analogues (L, R = H, or C1, and R' = OH or 1-, NHCH(COOH)
CHoCHoCOOH) of pteroic and pteroylglutamic scids for
binlogical testing,

o

Ve R R '
' " NH< D(OR
“rN"O(QR mc ’

Ho
XLIX, L.

Following the discovery of the iminoether benziminazole
synthesis (part II), Spensley (this laboratory) tried to use
the method to prepare these benzininazole snalogues (L).

He tried, as a model, to prepares some iminoetners of
anilinoscetonitrile, for the g-phenylengdizrmine condensation.
Grest difficulty was experienced in their preparation and the
route was abendoned,

Preliminery experiments, by the author, showed that
chloracet-2-nitroanilide, end its 4-chloro-derivative
condenged with aniline in boiling n-propsnol to give the
corresponding phenylglyeinesnilides (LI, R' = H, R = H and
Ccl1l respectively, c¢.f. 130). The uwe of pyridine as a
solvent in the latter condensation guve mainly byridinjumscet-
2-nitro-4-ghloroanilide chloride, with a little of the desired
produet (LI, R = C1, R' = H). Cutulytic reduction of

phenylglycine-2-nitro-4-chloroenilide gave the corresponding



ringelosed to the henziminazole, isolate- as the dihydrochloride
and characterised as the piorate, in boiling aqueous methanolie

hydrogen chloride,

M -
ﬂ \(o-cu;NH@-t,&'

R NO,

LI,

Thie synthesis was now extended to the preraretion of L

(R = H, R' = OEt), and ethyl p-aminsbenzosate condersed
gimilerly vith both chloracetanilides to give thz corresponding
p-carbethoxyphenylzlycine anilides (LI, R'=C00it, R = K and C1)

in poor yleld, which vas comewhst increased by the additicn of
pyridine, Catalytic re-uction of g-earbethoxyphenylglycihe-
2-nitroanilide gave the corresponding amine, which ringclosed
to the benziminazole in boiling alcoholic hydrochiorie or
pieric acid. It was isolated as the dihydrochloride and
picrate respectively, which proved identiczl with those
prepared by Spensley from the 2-chloromethylbenziminazole —
ethyl p-asminobenzoate condensute,

Further experiments in this series were csrried out by
spensley, who finally pre ared N4;(benziminazole-ﬁ-methyl)-
4-aminobenzoyl-l-glutamic acid (L, R = H, R' = 1-, NHCH
(COO!)CHoCHZCOOH), _ Mimmo-Smith found that this compound did
not replace pteroylglutamic scid for the growth of 8. lactis
R, &nd inhibited growth in the presence of suboptimsl quantities
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of this materisl, Rssentielly the same results were
obtained with L. casei,
N-(Benziminazole-2-methyl)-4-aminobenzoic secid (1, R = H,
R' = OH) was less inhibitory to the growth of §. lagtie B
than its glutamic derivetive, and 41d not replszce péeroyl-
glutamic acid for the growth of this orgsnism,

Edwards et al, (131) later reported the synthesis of
L(R=H, R = 1, imcn(cooa)cnzcnzcoom and state that it
replaced pteroylglutamic acid, though at a rmuch higher
concentration, for the growth of 8., lactis R, and stimulated
growth‘in the presence of suboptimsl amounts of pteroylglutamic

acid,
H

I cnnnQsosmsnenicoon
\/ CooH

The corresponding bsnzene sulphonylglutamic acid (abov:)
had only esntagonistic properties,

These differipg bilological results sre probsbly dm to
the élightly different culture solutions used by Nimmo-Smith
and Edwards. This algo explains the growth factor sctivity
of N4-( 2-quinazoline)-4-aminobenzoylglutamic aeic(l‘f:l:;:aminod
in the medium used by Edwards, for L. csasei, though the
compound 1is useless in the treatment of snaemia (128),

The pterin ring system is much more closely related to

g'inoxsline than benziminazole, so investigations into the
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preparation of some pterolec and pteroylglutamic analogues
in this series were begun. Further interest was added to
the project as H:ll (183), wnile this work was in progress,
reported that the growth of S. lactis R, inhibited by

quinoxaline, was restored by excess pteroylzlutamic acid.

O wion

LT LIt T,

N-(2-cuinoxaline)=-4-aminobenzoic scid (LII, R = CH)

wag prepared from 2-chloro minoxaline (prepared uaccording to
136) by refluxing with p-eminobenzoic acid in n- propsnol.
It a1d not, however, apprecisbly affect the growth of
8. lactis R.

2~Chloroguinoxaline and p-aminobenzoylglutamic scid did
not give the pteroylglutamic analogue under the same
conditions, bhut ethyl N4-(2-gu1noxallno)-4-amigobenzoxlﬁ;-
glutgmate wes obtzined from the quinoxaline and the
benzoylglutamic ester in éthenol. On alkaline hydrolysis
1% gave the desired ncid (LII, R =  1-, NHCH(COOH)CH.CH,
COOH). |

Thig compound had a small inhibitory effect on the
growth of L. gasel, prevented by pteroylglutamic aciag,

and a more det:iled blologic=al inveatigatidn ie being
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carried out,

O comn-cor

LIII.

Experiments on the synthesis of N-( quinnxaling—2-
methyl)~4-aminobenzoic ascid (LIII, R = OH) were now
stsrted, and it was hoped to extend them to the synthesie
of the pteroylglutamic acid anslogue (LIIi, R« l-,

NHCH( COOH ) CHoCHgCOOH ) o

_ The ayntﬁesis of 2-chloromethyl-, or £-bromomethyl-
quinexaline (LIV) was the first object, and it was hoped
to obtain this from 2-hydroxymethylguinoxaline, Norrish
end Griffiths (137) reported the synthesis of this
‘ecompound from a photodecomposition product of glyoxal and
o-phenylenedismine, but there is little evidence for ite
constitution end sttempts were made to prepare it from

the tetrahydro series,

w LH;, 6‘1

LIV,

The synthesis of 2-hydroxymethyl-1l:2:3:4~teirahydro-

quinoxaline from glycide alebhoi and o-phenylenediaemine
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was contemplated, but model experiments with sthylene
oxide snd the diamine showed thst ringclosure to the
quinoxaline did not take place. B-Amino—ﬁ-hydroxyothyL-
-aniline, characterised as the mono- and dipicrates, wus
isolated from the reaction.

2t 3-Dibromopropancl reacted with di-p-toluenesulphonyl-

2-phenylenedianine in the presence of sodium ethoxide to

give 1:4-34-p-toluenesulphonyl-S~-hydroxymethyle1l: 2: 3: 4~

tetragxdroguinozaling. Hydrolyais to the Z2-hydroxymethyle
quinoxaline w-s first schieved using diluted sulphuric acid,

but the yields -ere very varisble and often very little
product was obtained, Hydrochloric acid, at 160-1700.
gave reproducivle yields of the guinoxaline, ch-racterised
a8 the picrate. Oxidation with alkaline potassium
ferricyanids, :s for tetrahydroguinoxaline (178), gave a
black tar, from which a little :juinoxaline was isolasted,

2-Methyl.i1inoxuline was next prepared from o-phenylene-
diamine and lggnifroaoacetone (1s1), Contrary to the
statement of Kuster (139), confirming that of Freons (140),
it was not found possible to nitrosate acetone in agueous
solution, and the isonitrosoac:tone wes made from
acetoacetic ester (141).

Attempts to brominste 2-methylquinoxuline directly
to Z2-bromomethylquinoxaline gave an unstsble black tar,

f=Tribromomethylquin-xaline was eassidy prepared by direct



bromination (143), but attempts to redice it, using stennous
bromide, to 2-bromomethylyuinoxaline gave a black tar,

The tribromomethylguinoxaline with sodium methoxide
gave meth quinoxaline-2-~orthocurboxylate. Attempté to
prepars N-( quinoxuline-2-carboxsy)~4~uminobenzoic acid by
condensing this ggghg—estef with p-~aminobenzoic scid in
boiling xylene gave s brown powder thut could not be
purified,

Oxidation of 2-methylguinoxuline with lead tetrascetats
(c.f. 153) gave s bla&k tar, from which some unchanged
2-methylquinoxaline was 1solated.

It was thought thst 3Z-bromo-l-isonitrosoacetone might
react with g-phenylenediamine to give the required
bromomethyl guinoxaline, bat attempts to prepare this compoumd
from 3-bromoacetoacetic ester by the method of Ceresole
(141) gave black tars. The reaction of 1l:3-dibromoscetone
with o-phenylenediamine in boiling ethanol ulso gave a
blsck intractable tar (c.f. 144),

The reactlon of isonitrcsocszcctosc=ztic ester and
o-phenylenesdiamine wus exumined in the iLops thet 1t sould
give 2-msthyl-8-curbethoxy uinoxuline, and th:.t the reaction
misht be extended to the use of 3-bromo~isonitrosoacetoacetie
ester, The products of the resction, in the presence or
otherwige of acid, were 2-methy1benziminazolé, characterised

as the pilerate, snd 2-methyl-3~hydroxyqyuinoxaline,
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Attampts were now mude to obtain e N-(4-carbethoxy-
rhenyl)-N-formyl-3-amino-l-isonitrosoacetone. The

corresponding ethylacetoacetste was prepared, in very low

yield, from the reaction of 3-bromoacetnacetic ester and
the sodio derivative of ethyl N-formyl-p-aminobenzoate
under certsin conditions, Enough material for nitrosation
and subsegyuent hydroiysia ¢o71d not be obtained.

The next route examined started with ,uinoxalins-2-
aldehyde, preparsd in poor yield from 2-methylguinoxaline
and selenium dioxide (143). It reacted with p-sminobenzoic
acid, and its ethyl ester, to zive N-(quinoxaline-2-methylene)-
4-aminobenzoie acid (LV, R = OH) and the corresnonding ester

(LV, R = OEt).
Dol o

LV,

All sttempts to reduce the acid (LV, R = OH) to the
secondary amine in alksline solution falled,

Better results were obtained :.sing the ester (LV,
R = Oit), which was not reduced by hydrogen over palladised
charcoal. Some recuction (3%7) tcok place over Raney
nickel, the absorption cessed long before one double bond
wvas saturated, but some of the desired product (LIII, R = 0Oit)

vas obtained, Hydrogenation over Adsms catalyst gave the



best yleld (36%) of this compound and the reaction was
stopped after the theoretical adsorption of hydrogen. i n
had taken place.

The ethyl N-(quinoxaline-g2-methyl)-4-aminobenzoate was
very sparingly soluble in most solvents, but dissolved in
pyridine, One attomptlto hydrolyse it to the acid, by
refluxing, under nitrogen, in pyridine containing & small
excess of aqueous gsodium hydroxide, gave an intractable
product, '

Ag the solubility properties of this ester (LIII,

R = OEt) were now known attempts were made to prepsra it
from ethyl p-aminobenzoate, o-phenylenedismine and 2:3-
didbromopropionaldshyde, under the conditions used in the
synthesis of ethyl pteroete (41). None of the desired
suinoxaline could be isolated from the product. The
reaction was repsated using p-aminobenzoie acid, but the
acid (LIII, R = OH) could not be isolsted from the resulting
mixture, "nsuccessful sttempte to prerare the pteroyl-
glutemic snalogue (LIII, R = l-, NHCH(COOH)CHgCHECOOH)
by this methdgszaminobenzoylglutamic acid were later
reported (1-1),

cH=R

|
€ Dog-_)- W —cH=C B

VI,



3-(4~Carbethoxyenilino)~-2-bromoacroiein (LVI, R = 0)
w88 now prepusred from 3-(4~carbethoxyanilino)-2-bromo-
222212&&A4ﬁ22£§22§ggxgg;; (or 1:3-bis-(4-carbethoxyphenylimino)
z-brqmopropane. LVI, R = NCgH,4CO0Kt) hydrobromide by
hydrolysis. All attempts to condense the bromoaldshyde
(LVI, R = 0) with o~phenylenediamine gave black tars, from
which nothing homogeneous could be isolated, The
aniiinobromoacrolein (LVI, R = NCgH4qCOOEt) was prepared from
mucobromic acid (159) and ethyl p-sminobenzoate (e.f. 160).

It was found possible to brominate methylglyoxal to
monobromomethylglyoxal, which digtilled with = green vepour,
No erystalline derivatives weres made, and the an:lytieal
date was poor, The bromo compound reacted with ©:4:5e

ard p-awmindbenyopt-l-glutamic acid
triamino-ﬁ-hydroxypyrimid1neA1n sgqueous ethanol et pH & to
give s brown powder, containing c., 5% of pteroylglutamie
scid (asssyed using S. lactis R.). |

Investigations using bromomethylglyoxal and bromomalone

disldaehyde derivatives asre beinzg continued,



Experimentsl Section,
Part I, Biguanidine Derivstive

Anthranilic ecid - dicyandismide condensate ‘c,g; 782.

Anthrenilic acid (6.85 g., 1 mol.) and dicysndiamide (4.2 g,
1 mol.) in water (35 ml.) were refluxed for sbout 2 hours.
The product slowly separarsted as a pale brown solid, snd
after cooling was collected, m.p. 2890 (decorp.) (7.7 8oy
76:7). It crystallised from N agueous sodium hydroxide, a
much better solvent than water, in colourless hairlike needles,
M. pe 306-8° (decomp. )s Cohn (78) gives m.p. 245-6° (decoﬁp.).
Found: N, 34.0.
Cale. for UgHgONg, N, BdeSh.

The hydrochloride separazted from N aqueous hydr chlorie
acid in colourless prisms, m.p. 289o (decomp, ).
Found: C, 44.9; H, 4.4; N, 29,0,

CoHgONs5.HC1 recuires, C, 45.1; H, 4.2} N, 29,%%,

The evolution of hydrogen chloride ceased when this
compound (10 g.) wss refluxed with phosphorus oxychloride
(100 ml.) for 3 hours. Excess oxychloride was removed in
vicuo, and the residuul meterial trested with ice end wuter,
The residual yellow solié (8 g.) was collected, but snalyses
op the crude material were unsatisf:ctory end solvents
effecting erystzllisation could not be found. The compound
reacted with boiling diethylamine, but nothing homogeneous

could be isolated from the preszction.
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!@?hyl anthrenilate (7.5 g;f’lvmol.). potessium thicoyanate
(5.0 g. , 1 mol.) ena concentrated hydrochloris acid (5 ml.,
1 mol.) in water (10 ml.,) were warmed on a steam bath till all
diesolved, and the solution was allowed to cool. The produst
(9.5 g., 91%) separated as a white solid, very soluble in
nnthanol. agetone and hot water, It cryestallised from benszene
1n small oolourlass priam:. M. Po 125—60, resolidifying almost
immediately and remelting st 803 v

Found; G, 5l.4; H, 4.8; N, 12.9; 8, 14,7
OoH GO.N § requires, C 5l.4; H, 4.8; N, 13.3; 8, 15,27,

=Wereapt hydr uinazoline

i). The above ester (7.8 g.) was slowly heated to 2000 (30
rinutes) and the product (5.6 g., B85%) ground up with ethanol
and collected, m.p., 302-4. It crystallised from a ver& large

0
volume of ethanol in pale yellow prisms, m.p, 305-6 . Rupe (80)

glves m,p. 284-0
Pound: C. 54.4: H, 3.6; N, 15.5: S, 17.1.

Gale. for C_H_ON.S, C, 63.9; H, 3.4; N, 16.7; S, 18.0%

11). A mixture of anthranilie aeid (15 g., 1 mol.) and thio-
ures (£4 g&., mol.,) wes heated slowly to 180-200 in an oilbath

over 1 hour, and kept at this temperature for a further 4 hours,
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Aumnnig. and other fumes were evolved, and the residusl brown
.81&85 wae boiled vith:gthappl. The residual grey powder

(039 8.) wee collested and washed with ethenol and ether,

M. pPe 288-92(2 It was insoluble in agqueocus sodium bicearbonate
but dissolved in diluto sodium hydroxido und was precipitated
on ‘acidifieation, It urvltalliaod from ethancl in almost
colonrlosa rlates, m,p. 259 » depressed on addition of
8-mercapto~4-Nydroxy"quinazoline from ”;".

Found: 0, 65.7;. H, 405' N, 1507: 3' 10, 7.
656, 2), 4.0);

clsnlzonss requires, C, 66.3; H, 4.1; N, 14.3; 8, 10,9%.

Ehleggx;moggapto—4—hzdro;xgu§ggzglgge (81).

Methyl eulphate (3.28 g., 1.05 mol,) was added, with vigorous
shaking, to s solution of 2-mercapto-4-Rydroxyquinazoline
(4{§5,g., 1 mol.) and sodium hydroxide (1.12 g., 1.1 mol,) in
;;ter (20 ml.). The ocrude produc$t(4.4 g., 90%) separated
aimwst immedistely as s white solid, which crystallised from
ethanol in colourless priems, m.p. 218-9c1

Found: C, 56,8; H, 4.0.
Cale, for CHON 8, C, 56.3; H, 4.1%.

Thig compound (1.0 g., 1 mol.,) and guanidine carbonate
(0.6 to 3.0 g in several experimente), finely ground together,
were he ted in an oil bsth to sbout 200 for three hours, The



product (0.85 g.), a yellow powder, was washed out with ethanol
end had m,n,. 296?. It dissolved in warm dilute sodium hydroxids,
was precipitated by ascid, but repetitions of this process failed to
give a homogeneous materisl, and crystallisstion from ethanol was
unsstigfsctory. |

The 2-methylthioquinazoline also fulled to resct with
ethanollc gzuanidine at 1600 (6 Aours) in » seuled tube; it was

largely (90) recovered unchanged.

g-Guanidinobenzimingzole (<XVII; Re'=R"=H, c.i. 85).
A mixture of o-rhenylene diarine (2.16 J., 1 mol,), dicysndiamide
(1.68 g., 1 mol.), concentruted hydrochloric acid (4 wl., 2 mol,)
and wuter (15 ml.) were heated under reflux for one hour, when
the solution was cooled and bhacifled, ¢~iuznidinobenziminazole
(¢.” 8., 66%) separsted, m.p. 247C(decomp.). =n. erystallized
from water in buff coloured pl.tzs or colourlesc needlas, =, .
2510(decomp.).

The mononitrate separuted from water in e «ll colourless
needicn, "wla 235O(decomp.) (rellizvzeri, 85, _ives m.p. 2160

(decomp. ).

Calec., for C.H.N_.HIC,, C, 30.3; M te af
89 5 ]
The plervte erystalilcec from » lirge volune of water in

O,
colourless needles, .ps £74=0 (decor p. )



Found: C. 41.4; H, 2.9,

Cale. for C_H.N H.O.N

8 9 5.06 5 7 3. 0, 41- 2; H, 5.%0

£-Guanidino-~5-methylbenziminazole (XXVII, R = Me, R' = R" = H),

S=Nitro-4-sminotoluene (3,8 g., 1 mol.) was hydrogensted over
Raney nickel in methsnol to the diamine, The solution was
filtere: into concentrated hydrochloric acid (5 ml.) end the
mixture evaporsted to dryness in vacuo. The residual
dihydrochloride wus refluxed with dicysndiamide (2.1 g., 1 mol,)
in water (16 ml;) for 45 minutes and the gum, precipitated
by alkull, treated with alcoholic picric acid. The benzimin.
azole picrate (6.0 g., 58%) ma.pe 240°(decomp) separated, and
crystallised from asqueous sthanol in orange needles, m.p.
264O(decomp., after turning yellow at 2400)

Found: C, 43.%; H, 3.6; N, 26,7,

09H11N5.05H307N3 reguires~ <y 4341y H, 3.3; N, 26,27,

The crude picrate was converted into the dihvdrochloride
by the g-ethoxyethenol method (see XYVII, R = R' = Ole,
R" = i-Fr). and it separated from n-propanol eontuining some
hydrogen chloride in colourless prrisms, m,p. 228—9°(decomp.).
Found: Cy 41.0; H, 5.1.

2HC1 re.uires, C, 4l.%; H, 5.07.

2-Guanidino-5: 6-dimethoxybenziminnzole. (XXVII, R = R' = ONe;

4: 5-Dimethoxy-o-phenylenediamine dihydrochloride (3,38 g,,

1 mol,) and dicysndiamid: (1.2 g., 1 nol.) were refluxed in



vater (10 ml,) for one hour, giving a Gdep red solutien.
After the addition.of charcoal end filtering, pale pink
priems of the benziminazole mono-hydrochloride monohydrate
(2.7 8+» 68%) separated on cooling the solution and crystelle
iled from water in selourless prisms, m,p. 285°(decomp. ).
Found: ¢, 41.,3%; H, 5.6; N, 23,6; Cl, 12,3,
C10H130s8 50 HO1l.HgO requires,

G, 41.4; H, 6.5; XN, 24.2: Cl, 12, 3%,
Found, on a sample dried at moqzn vacuo:

| Foundy: loss, 3.11%; C, 42.4; H, 5,6,

»01@1309!5.301.{;;’80 reguires, loss, 3.11%, C, 42,8y H, 5.3.

The free base sepsrated from water in irresularly shaped
colourless prisms, M.p. lﬁso(docomp.).
Found, when dried at room temperature over phosphorus pentoxide:
Found: C, 49.1; H, 5.8; N, 29.4,
Oloﬂlsozﬂa.Q'HgO PQQUiPQB, g', 49, 2; H' 5.": N, 2807%.
Found, after drying at 120 in vacuo, C, 50.9; H, 5.6,
01°H1309N5 requires: Cy, 651.1; B, 5.8%,

The monopicrate monohydrate separated from aqueous ethanol
in very fine orange needles, M, D. 280°(decomp.).
Found, after drying at 1000 in vacuo:
Cy 39.0; H, 3.6; N, £23.8,
C10H130oN5 OgH307N3. HgO requires, C, 39.8; H, 3.7; N, 23.2%.
Found, after drying at 1209 in vacuo: C, 40.4; H, 4.0,

o

~1 * H? \" (% .
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£-Guanidino-6: 6~dichlorobenziminazole (XXVII, R=R'=Cl; R"=H),
1l: 2-Dichloro-1i: 5-dinitrobenzene (4,75g: 1 mol., preparsd from

o-dichlorobenzene by two successive nitrations, 92) wse hydrogenated
to the dismine over Raney nickel in méthanol (20 ml,), filtered
into concentrated hydrochloric acid (4.4 ml,) and the solution
evaporated to drynees in vacuo. Dicysndiamide (1,68 g., 1 mol.)
a nd water (12 ml.) were added to the residusl solid and the
thick grey sludge ;roduced by boiling for 10 minutes hested on
the stezm bath for s further 50 minutes. After cooling the
precinitsted 2-guanidino-6:6-dichlorobengiminazole hydrochlorice
monohydrute (3.9 g., 66%) was.collected, and crystallised from
water (charcoal) in very fine colourless needles, m.p, 287-90
(decomp, )

Found: C, 3%2.,3: H, 3.6; Cl, 35,0.
0857N5012.H01.H20 requires, G 7. 2; H, 3.4; Cl, 3..6;.

The free base sepasrated from water in very pale brown needles,
mer. 244°(decomp. ).
C
Found, after drying at 1006 4in vacuo; C, 39.,2; H, 3.,0.
i v Fe H p. v }‘E;.
usnvmaclg reyuires, s 3.4 Hy 2.9

The picrate separated from & . ueous ethanol in very fine
o
yellow prisms, m.p. 319 (decorp.).
Found: <1, 14.8; N, 24.1,

c1 .o HON reyires, vl 15.0; N, 23%,7%.
03H7N5u26373 4 y Yy ’ ’

o-Guanidino=-56: 6-dimethylvenziminazole, (XXVII, ReR'mNe: R"=H)

This was similarly prepared from 1l:2~dimethyled-amino-5-nitpo-
bven-ene (2.8 g., 1 mol,), obtained by nitrating the xylidine (93),
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1‘31n8 concentrated hydrochloric ecid (3.4 ml.) and dicyandiamide
(1.42 8,1 mol,). The hydrated hydrochloride seperated on
cooling the reaction mixture, and crystallised from water
(eharcoal) in very pale brown prisms, m. p. 265°(decomp.).

Found: C, 456.3: H, 6,4.
Cy0F1sNge HC1. 13H,0 requires, C, 46.0; H, 6.4%.

The free base separsted from asgueous ethanol as u hydrate,
in long fawn coloured needles, n.p. 1910.
Pound, after drying at 1000 in vacuo; C, 66.4; H, 6.4,

The picr:te sepurated from squeous ethanol in brick red
prisms, m.p. 2580(decomp.).
Found: C, 44.7; H, 3.8.

C H M ,CHON !‘eqtli!‘es’ C. 41‘.4: H. 3'7”'0
10126 6373

isofropyldicysndiamide,

8odium dicysnimids (5.0 2., 112 mol.) and isopropylamine
hydrochloride (4.8 g., 1 rol.) were refluxed in n-butsnol
(50 ml.) for 20 hours, after which the solution was filtered

and evaporated to dryness in vacuo, The regidual colourless

glass, crude isopropyldicyandiamide (theoretical yleld), wus

used directly in the syntheses of 2ll the 1lsorrorylgu.nidinobenzivin-
azoles, later d=scribed.
~ portion of the glsss was redlzsnlved in n-but:mnl, and
the snlution was filtered -nd evapor-ted =g before. The
‘pesulting glass, -n very long stﬂnﬁiné. solidified to a waxy

0
SOlid. .’7‘":. ‘:ﬁ. 84"6 *



Found, on g sample dried over phosphorus pentoxide st 1159/0.06 mm,
N, 44.8.

05310N4 requires, N, 44.4%,

The alkyldicyandiemide was soluble in water and polar solvents,
but wag 1n§olublo in light petroleum and benzene, It does not
form a compound with pleric acid.

A portion of the glass (5.9 g.) was hested to boiling with
acetic anhydride (12 g.) when s vigor us resction set in, which
kept the mixture boiling for 10 minutee. After refluxing frp
a further 30 minutes the solution was set aside for 8 days,

The solid, which separated. wus collecied and wached with a little
acetic acid and ether. Purther quentitiee were obtsined by
adding large volumes of ether to the filtrate, It crystellised
from ethanol in very pale yellow prisms, m.p. 2710(311ght decomp. ),
and anslysed for 2-isorropylamino-4-methyl-S-hydroxytriuzine, but
was not furthsr investig=ted,

Pound: ¢C, 49,6: H, 7.2: N, 33,9,
G7H12ON4 requirses, - Uy 00,0; H, 7.1; N, 33.3;.

[ 24

No-isoPrOpyL2—gganidinobenxim1nazole. (XXVII, w=R'=H; x"=mi-Ir)

o~Phenylene-diumine (5.4 <., 1 mol.), concentrated hydrochloric

acid (10 ml., £ mol.), and igopropfiyldicyandi.mide (6.3 g., 1 mol.)
were refluxsd in . ueous solution (20 ml.) for 1 hour. The
addition of alkuli gave a sticky yellow gum which dissolved in
ethanol and was treated with an a meous solution of copper
guiphate pentahydrate (12.6 g., 1 mol.)e The pale green ecoprer

derivative wae collected, washed with ethsnol, dried and dissolved



-7 -
in concentratoé hydrochloric acid (20 ml,) to give a deep red
solution, Sodium sulphide (14 g.) in concentrated aqueous
solution was added, the preciritated copper sulphide removed,
and the filtrate strongly bazified, A yellow gum, which slowly
selidi fied, precipitated, and long colourless prisms of Ns-w-
2-gusznidinobenziminszole separated from its solution in s ueous
ethrnol, m.p., 168°,

Found: C, 60.4; H, 6,8 N, 32.6,

Cllnlsns Pequires. C, 60.8; u, 6.9; N’ 35e 30

The picrate separated from asgueous ethanol in fine yellow
needles, m.p. ?63-40 (decomp, sefter sintering at about 2600).
¥ound: Cy 45.8; H, 1,0; N, 2b.s4.
011H15N5.053307N3 rejuires, C, 45.7; H, 4.0; N, 25,1%,

The dihydrochloride separated in colourlees prisme, m,p.
230-20 (decomp.) from ethanol containing a trace of hydrogen chlor-
ids, Pound: C. 4‘608; H, 6.0; N, 24404

011H15N5.2301 requires, O, 456.5; H, 0.9; N, 24,17,

Ns-isoProgglnz-guunid1no-ﬁggglgsgggggimlggaggy (XxvI)
4~Chloro-o-phenylene diumine dihydrochloride, prepared from
4~chloro-2-nitroaniline (8.65 z.,) by hydrogenation in the nusual
way with Raney nickel, was condensed with isopropyldicysndi:ride
(6.3 &.) by refluxing in water (20 ml.) for 45 minutes, and the
product isolated s a very gurmy red-green coppar dzrivstive,
The free base (obtained from the copper deriv:tive ss with
x:VII, R=R' =H, R"=i-Pr) was a yellow gum, which could not be
jnduced to crystallise, Treutment with ethanolic hydrogen



chloride guve the benziminazole dihydrochlnride which crystallised

from n-propanol, containing a 1ittle hydrogen chloride, in

colourless prisms, which were washed with ether, m.n. 215—7o(decomp.\.
Found: G, 4l.1; H, 4.8; 1, 3%2.2.

CyiH14NgC1. 2HOL reyniren, C, 40.7; H, 4.9; Cl, 3587,

The bicrate seperated from aiueous ethunol in fine yellow
needles, m,p. 2480(decomp.).
Pound: .G, 4%:0; Hy.3:2; ,l, 3.0,

011H14N501. 0633071!3!‘@5;‘11!‘887-0», 42, 53 H, 3.5 N » 23, 5%0

The coprer deriv.tive of the ben iminszole wes preci-itsted as s
pink powder when a solution »f the benzirinszole dihydrochloride
(1 g.) in hot water (5 ml.,) was sdded to cupric nitr:te hexahydrate
(0.49 g.) in acue»us aﬁﬁonia (2.5 ml., d. 0.880, in ¢,5 ml, of
water, c.f. 94). It cry.-tallised from aqueous ethunol in deep
red rrisms, M.r. 2850 (decomr. ), easily =oluble in chlorofor-.
The chloroform solution was decomposed on shaking with dilute
aclids,

Found: ¢, 47.0: H, i.0; vl, 1lg.4.

(cllulsxscl),au re uires, U, 464s8; H, 4.6: Cl, 12.%:.
~

E:-isorrqpuxl-Q-Euanidino-s—methoxxbeggimiggzgle (xxvI1I,

RsH, R'=0Fe, R"=i-Pr).

?his was similurly made from 2-nitro-i-rethoxy=:niline (8.1 g.,
1 rol. ! 8nd isorronyledic,zniizmide (5,3 3.), but the yellow
brown gum precipitsted on besifiing the dee; blue resction
rixtire was purlified throu:h the ricrate as the copper salt

. ethod wus unsstisfuctory, The su~ was dicsolved in = little




ot ethanol, fYidered and pleric acid (11.5 g, 1 mol.) in hot
ethanol (50 m1, ) saded. The plerate (10.7 g., 45%) rapidly
precipitated, and after washing with ethanol and ether orystallised -
from a large volume of ethanol in very small orenge priems, m.p.
£94-5" (aecomp, ).

Found: 0. 46.2: H, 4.1; N, 23,5,
cmlr,oua.cenao.,xs requires C, 46.3:1 H, 4.2: N, 23,5%,

The finely ground pierate (8.0 g., 1 mol.,) was sheken up with
eoncentrated hydrochloric acid (5.1 mle, 3 mol, ) and witer,~and
" fhe mixture extradsd with ether till free i‘rom pieric acid, The
agueous solution was then rntored basified, and the precipitatod
base collected, It separated as the monohydz-ate. in eolourlou
prisms, from aqueous ethanol, m,p. 117-22 (doaoup.)
Found: C, 54,21 K, 7.0; N, 26.8,
clgnlvons.ngo reyuires, C, 54.,3; H, 7.8; N, 26.,4%

The anhydrous compound, mM.pe. 9'r°, was obtained as a pale
0
brown glass on drying the hydrate at 100 in vacuo,
. Pound: C, 58,03 H, 7.0,
G, oH,,0Ng requires, C, 56.3; H, 6.9%.

The dthydrochloride, rurified by dissolving in methanolic
hydrogen chloride and precipitating dby the slow =zddition of ether,
wae a white powder, m.p. 207O(decomp.)

FPound: c, 45,0; H, 85.9; C1, 21,7.

clzﬁl,,ONs.EHCl requires, ¢C, 45.0: H, 5.92: €1, 22,27,
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~isorropyl-2-guasnidino-s-methyl-benziminszole. (XXVII, R=Me;R'=H;

R¥=1-Fp)
The benziminszole was made by the above method from 3-1ltro-4-

aminotoluene (7.6 s.) and igopropyldieyandismide (6.3 g.), and
isolated as the nigrute(11.0 ., 48%), which crystallised from |
aquecus ethanol in orsnge prisms, m.Dp. 2170.
Pound, after drying at 100O in vacuo:

C, 47.2; H, 4.4; K, 23.6.

: ‘o ) o ) T ;
Cy M N e Gsnaovns rejuires, C, 46.9; H, 4.3; N, 24,3%

It was decomposed by hydrogen chloride in @-ethoxyethanol
(see XXVIT, R=R'=0OWNe, R"=1-Pr) to give the dihydrochloride
(5.5 g.) which separsted from n-propannl, containing hydrogen
chloride, as a white microcrystalline powder on the addition of
ether, m.p. 214—70 (decomy. ). It was not obtuined wnalytically

pure.
Fouind: Cy 48.8; H, 6.2

C H 7‘ N .24MCl re:u:ires, C, 47.4; H, 6.2%.
guanidino~-5: 6=d1

5
N -igobropyl=—2- methoxybenziuinazole (-XVII,

R=R'=0Le, R"si-ir).

4: 5-pinitroveratrol (10,8 g.) was hydrogenated over Raney nickel

in methanoc: (100 ml.). “hen helf the theoretical volume of

hydrogen h:d been rbsorbed en orenge~brown powder precipitated

from the solution, but the addition of more catalyst completed

the hydrogenation. The diamine was converted to the dihydrochloride,

und condensed with isouropyldicy.ndismide (6.7 Z.) ns befors,

The benziminuzole wac isolated as the picrate, which crystallised

0
from usgyueous n-pror@snol in orange-brown neecles, r.p. 278 (decomp, ),



Found, after drying =at 100o in vacuo: ¢, 44.9: H, 4,3: N, 21.7.
Cy1zH190oNg. CglizOpNs requires, C, 456.1; H, 4.3: N, 282,1%.

Decomposition of the pilerate with aqueous hydrochloric acid
was unsatisfactory owing to its insolubility, so a euspension
of the crude pierste (1 8., 1 mol.) in boiling@ -ethoxyethanol
(10 ml,) was treated with hydrogen chloride (0.25 Z., 3.5 mol.)
in p-propsnol (3 ml.). After 10 minutes on & stezm bath dry
ether was sdded to the crystslline sludge to dissolve the
piceric acid, the crude gihydrochloride bveing filtered off and
washed with dry ether till free from pieric scid, m.p. ?400
(decomp. 0.65 g., 947 recovery), It erystsllised from
n-propanol, containing a little hydrogen chloride, in dbrushlike
bunches of colourless needls-, m,n, 21460 (dscomp, ) |

Found: ¢, 44.3; H, 6.3; N, 18.9; <Cl, 20.5,

615H1902N5.2H01 re. uires C, 14.6; H, 6,0; N, 20,0; Cl, 20,3%.

Attemptes to isolate a monohydrochloride by the addition of
the theorsticul -uantity of sodium hydroxide to a concentrsated
aiueous snlution of the dihydrochloride fiiled to produce a
preciritete, but addition of further quantities precipitated
the baue, which separated from aquenus athanol in very pale brown
neariy cubic:l prisms, r.p. 215° (decomp, )

{ Found, on a sample dried .t 120o in vscuo:
c, 66.,4; H, 6,8; N, 25,9,

013H1902N5 re uires C, 58.3; H, 6.,9; N, 25,3 .
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The copper derivative, prerered in the same way ss the

cop -er derivativ~ of XVVI, wss slir-htly soluble in ben-vene,
moderately in ethyl acetute, and eacily in ethsnol and chloroform,
(The latter solution was decomposed by dilute hydrochioric acid).
The hemihydrste erystsllised from avueous ethsnol in purplse red
prisms, m., 2?7—Gc(decnmp.)$

Found: ¢, 49.7: H, 6.1; N, 2.2,

(CyzH190cN. )oCu. #H,0 requires, C, 49.9: H, ..9t N, %4 .

5
N -isolpopyl=t=rusiidins=ur=cichlorebenzininaole (XAVII,

RB‘?'=C]_, r'?"=.1._-§'I'\.
This wuas prepsrec rro 1: 2-dichlero-4: 5-dinitrobenzene (11.85 ;. )

and isoprn-yldieysndiamide (6.7 2.) in the usual way, and the
Plerate (11 ey 3y el 2980 decntm, Y, after washing ~ith a
l1ittle ethanol, was dissolved in P~ethoxyethenol and converted to

0
the dihydrochlorids, as befor , with 287 recovery, ".p. “¢%

(decomn. ). It sepasrated from p-propanolic hydrngen chloridzs in

L . .
very small enlourless prisms, m.p. 77:=0" (d=corl. .

Found: Cy 37.1; H, it.1; 21, 3.1

011313;591?_2H01 v uires, G, 36.7: H, 1.5 Cl, 3304

The ;icrute eryst .llised from a larpe volune ol a. ueous
: o
n-proranol in yellow prisms, M.:. 296 (dacomp. ).
Found: U, ¥9,9; H, “.1: U1, 15.6.
r ; 23 R U' - “"f o 13 C . 3:;'.
cllﬁlﬁdablr’.oﬁﬁso”Ns re 111‘35’ » 39 & H’ e 1 Ul’ 13 €,
The dihydrochloride was deco: osed by water to glivs the

monohydrochloride monohydrute, sepsruting in fine colourless

C
needles, l.p. 157-GO (dscory. after sintering o, 1450)_
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FO“?A‘ C 38, o3 H' 4, T3 N, 20.6; CI’ 31, 5
¢,,H 53501?.501. HO rejuires,
C, 38,7 H. 4. 7: N’ 20.6: 01. 310 &S £

The4§ase Lryatallised from aguaous ethanol in very pale
brown p”iBmS. HLP- ‘040- |
Poun£?>ifter drying at 100 in vacuo: C, iG.8; Hy, 4.6,

cllﬂlausclz I‘equires, C. 46, 2; H, de 0o

Attempts to form a copper derivutive by the sction of hot
ayueous cupric chloride, and sulphate, on a oolling aquenus
solution of the benziminazole dihydrochloride gave only the
hydrated monohydrochleridce, and hemisulphate hemihydrate on
cooling. The latter separsted from the solution in large bdbuff
prisma, . 248-90 (decomp. ).

Found: C, %Ge4: H, 4.4: 8, 4,2; 01, 20.1.
0113133501?°;H2304'%320 re uires,
Dy 38.4: Y, 4.13 8, 4.6; Cl, 20,67,

Ns-iaokropzl—2~gua;nid1no-5:6~d1methy1benzimlngole (XYVII,
R=R'=Me, R":j._-}‘r‘) .

1: 2=-Dimethyl=-4-amino-5-nitrobznzene (6.1 :.) was converted to
the diurmine dihydrochloride =s before, and condensed with
;sOpropyldicyandiamide (4. 08 e ) Ly refluxing for 46 minutes in

aquaous solution (20 «ls). i eooling lhe monohydrochlorlde

monohydrate of the benzirin.zolo serarsted as a brown solid
(0e8.8509 537y MaToe 1277 deeorr.), ~hich eryst:llised from w:ter

(charcoal) in almost ¢ -lourless rrizcs, M. 178-41" (dezorm, ).
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Found: C. 52.2; H, 704; cl, 11.6.

C1sH1gNg HCl.Hg0 reyuires, C, 6213 H, 7.3; Cl, 11.9%.

The pioruate serarated in dbrushlike bunchas of fine yellow
needles from a. ueous ethanol, M. D. 2450 (decomp. ).
Found: O, 47.8; ily 44O

CiaHigNge CellzOnly re juires, C, 48,13 H, 4.5%:

‘gs-n-Bgtxl-?-gganid1n6—§:6-dimatgox2bgggimigazole (XxVII,
R=R'=OMe; R"=n-Bu),
n-Butylamine hydrochloride (7.7 g., 1 mol.) was refluxed with
sodium dicyanimide (7.0 g., 1l.12 mol. ) in p-butanol (50 ml,) for
24 hours., The mixture was filtered hot and the residual solids
wugshed with a little n-butanol. A portion (15 ml.,) of the
filtrate snd washings (54 ml.) was evaporated to dryness (in
vacuo), and the residual glass of grbutyldicyandiamida condensed
with 4:5-dimethoxy-o~phenylenediamine dihydrochloride (prepared
from 4:5-dinitroveratrole, 4.4 g., 1 mol. as vefors), under ths
conditions used for isopropyldicysndiamide. The product was
jedlated as the picrste (4.3 &) 42%), which separated from a large
volume of s.ueous n-propsnol in fine hsir-like red needles, m.p.
2569 (decomp. ).
Found, on a sample dried at 100o in vocoor

C, 46.5; H, %6; N, Z1.5

CI4H2102N5006H307“3 Pe’,uir'es C. 460 E’; H’ 406: N’ 21. 57.

Decom;.osition with hydrogen chloride in g-othoxysthanol and
sdaition of ether gave the d;hxgrochloride, which crystalllised

from ethanolic hydrogen chloride in slender colourless needles,
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0
m.}~. 2:52 (decom“".).
Founds C, 46.1; H, 6.2
C14Hp10-NgZHC1 re niree, U, 46.2; H, Ga3je

The base secarated, us the ses;uihydrste, fror agueous
ethanol in stellate cl:aters of colourless crisme, mM.Pe 115-200
(aecorp. ).

Pound: Cy 52.9; H, 7.0,
C 4 Hp O Nce 1300 requires, G, 55.8; H, 7.%4.
Found, on & sample dried st 1100 in vacuo:
Sy Gbe®; H, 7.0.
C14Ho10 N 4H 0 requires, C, 56.0; H, 7.3:.

14-Diamino~1: 33 6~triszsbenze. ine. (%xIX, R=R'=H)

o-Fhenylenediamine (1.08 4., 1 mol.), sodium dicysnimide (0,87 g.,
1 mol.) and water (10 ml.) containing concentrated hydrochloric
ascid (1 ml., 1 mol.) were heated to boiling and kent at 100° for
6 minutes, After cooling, nitric seid (0.9ml., d. 1.42, 1,04 mol.)
was sdded, when the benzepine nitrate (1.40 g.) separsted. It
eryst:llised from water in colourless huirlike needles, ~.r.
269°(deconm.).

Found: Sy 40.7; H, 4,5; 1, 35.1.

CBHQN5.HN03 re. ulres, O, 40.8; 1, z.2; Hy, 3543, o

Increasing the amount of hydrochloric acid, or of dizrine to £ mol.
in this prepar:tion did not affect the natire of the product,
The picrate, prepasred from s .ueous solutions of the nitrate

end sodiun plerste, aserarated from =;ueous ethanol in very fine

yellow naedles,'nhp. 2680(decomp.).



Pound: C, 41

g: U, %7 N, 7.0,

CGHQNS'GBHSOVNS re. uires, U, +1.6: I, 3.0; MW, £7.77.

The buse eryst:llised from a "i1eous ethanol in pale brown
pri=vg, shich retained woler vory tan.ciously, fefe 1“10 (decomp. ).
Found, on & sumple dried nut 1200 in v.cun:

Cy B3.7; Hy Deb;y iy Tbe2e

CSHQNS.%HZO re ulres, J, 63.95; H, 8.3; &, 52.0 »

Ti.e benzerine was stuble to hot dilute alx.li, but bLriling
20 agueouzr sodium hydrcxide c.us2d & 199 2vnlution of .nmonic,
A smell gueatity of wrumonia was &8lio 1tozr ted waen its sslution
in refla<in. enwentr.ted hydrochloric acid was vo-ified aft:.r
sever=1 h-yirs, but anrthin; horngan=sous ¢-i2ld bs 1-0l:tea from
the<-a twe de-r.datinnz,

£ sigpension of the nitr te (4.29 1.) in ¥ a '3ous
hydrochloric 214 (4 ~1.) vw:s tro:ter, at OO, with sodium nitrite
(0.09% g.) in & 1ittlz witer. No rewction wag ob.crved, nd
after 17 :1inute a portion was treuted -ith alir lins g-n. thol
solution, but no red dye wus pro-ucad, The m i ra.ction rivturs
wzs therefore hezted to boiling, when =1l ti:e .»lid ciscolved .4
nitrous fumes wore evolv.c, A 1ittle oyueous nitric :cid was
added, snd on cooling C.2156 .. (7iv recov-ry) of the benzerine

. -~ N VI
nitr te sersr.tad, r.p. =nd¢ mixed vep. 4 (decomp. ).

1-Methyl-0:4-di. ino-1:3-5-tri.- .u-nzepine (XXIv, nt a. R =H)

oniitro-methyl-niline (.02 -+, 1 "~l., ©0) was hydrogensted to
the dimine in meth nol (20 ru.) over T a2y uikzl, filterad into

conc ntratad hydroch.oric ucid (1.3 ~l.y 1 rol.) and the rmixture
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sdded to an agueous (b ml.) solution of sodium dieyenimide

(1,17 2., 1 mol.), Most of the methanol evoporated after

5011158 on & gteasm bath for one hour, and the suspension of s black
011 in the remaining solvent was treated with methanolie picric
261d (8.0 g, © mol.). The yellow=brown benzepine dipierate

(6.9 g, 68K) rapldly separated, and éryetalliaed from mothgnol
(eharcosl) in yeilow needles, M.p. 216-?°(deoonp.).

Found: C, 39.1; H, 2.8; N, 231..
395111'5ow6!!507115 requires, Cy 38.9; Hy, 2.63 N, 23. 9%,

Decomposition of the dipierate in hot p—othoxxothanOI
solution with aleoholls ayueous sulphuric acid gave the benzepine
gulphate, precipitated as:the dihydrate by addition of ether,
After washing with ether to remove piariec acid the sulphate
erystallised from aqueous ethanol in solourlecs needles, rmir.
Eazo(deconm., after softening =t ec. 2360).

" Pound: C, 33.8; H, 5,935 N, 22,25 8, 9.5.

Cgfly Fge HyS0,. 20 re.uires, O, 33.4; H, 5.3; N, 21.7; 8, 9.9%.

The sulphate (0.2 ges 1 mol. ), suspended in dilute
sulphuric acid (0,003 ml., ds 1,84E, in 2 mi, water) was treated
with agueous sodium nitrite (0.86 mle, 10+, 2 mol.)e
After two hours no viasible resction had taken place, and & sumple
of the soclution gave no cwléur with slkaline p«naphthol gsolution,
The mixture was heated to 0.900 on o steam bath (1 hour) when all
the solid adissolved, and an agueous solution of sodium plorate
(0.32 Bes 2.25 mol.) was added, The dipicrate of the original
penzepine precipitated (0,28 g., 7OZ), Mep. and mixed m,p,

0
£16-7 (decomp, )
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d=Metnyl-g-gusnidincbenziminazole.
2—Nitrg~n-no£hy1an111ng‘(4.0 g. 1 mol,) wes hydrogenated to the
diemine 1n‘ethanol (%0 ml.) over Rsaney ﬁicksl, and filtered into
a m;xturnfdf concengpatad hydrooﬂloric neid (5.3 ml.) and
dieyahgiamide (2.5 g. 1,04 mol.,) in water (20 ml.). Artor
bgiling the mixture under reflux for onse hour, methanolisc pierie
scid (12 g., 2 mol.) was edded, and the benziminazole mono-igcrate
‘separated, It erystallised from ethanol (charcosi) in orange
yellow prisms, mDp. 193-60. ‘

found: C, 43.3; H, 5.8 N, 26,0,
09311N5.05ﬁ307ns requires, 0. 45,13 H, Z.3; N, 26.8%.

Z-Ch;gga—ﬂ{gzgiamigg—lz525~tr1azabﬂnngine, (XXIX, R«l, R'=H)

séuitro-suchloroaniline (2.02 3., 1 mol.) was hydrogenated over
Raney nickel to the disrine in methanol (20 ml,), filtered into
concant~ated hydrochlorie 2cid (1.17 »l.,, 1 mol.) and after the
saattion of w:ter (5 ml.) and sodium diey nimide (1,04 g., 1 mol.)
vae boileﬁ for one hour, The benzepine monopicrate (4,06 gop 79)
geparcted as a green powder on the addition of hot methunoiiec pilerie
seid (.7 ., 1 mol.), snd crystallised from methanol in short
yellow needles, TeTe 263~4U(decemp.).

Found: G, 38.6; H, 2.5 Cl, 8.3

The,hemisuighate hemihydrate, prepared from the picrate by
the @-ethoxyethanol method (see XX}, RTIH, Q{=lﬂe)i -3

gepsrated from a large volume of water in colourless nezdles,

r.p. 274° (decomp. ).
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Pound: Cy 36,0; H, 4013 By 6000.
oaﬂaﬁaﬁl.éﬁzﬁo‘.irﬂgt) re 1“1!“8,’ 4 18 35-9" Hy 3.7; 8, 68.0%

E-Nitrgzﬁ-ch;oro—g-ethzlsniline. (e.r. 96)

2:4~Dichloronitrodenzens (4.3 2., 1 mol.), ethylemine hydroehlorid.
(4.8 30, l.mal), aédium hydroxide (.1 ge, 1 mol.), ethsnol

(10 ml.) and water (10 1:l.) were glovly heated to 200° (5 hours)

in & sealed tube, The resulting semiunlid mass was wnshed out
with ethanol, diluted largely with wwter, and the amine filtercd
off. It erystallised from agueous methannl in yellow prisms,

M. P 88 (4.8. &, 80-)., This amine has besen prepared by othep
methods (97, and 93), and the m.pts. recorded are 83-4° and

75.5«76.50 respectively,

1-Ethyl-21 4-diapigo-6-chlore-1i 316-triagnbonzepine. (XXIX,
Refl; R'=nt.) |
This was rrepared frem 2-nitroib-chloro-N-ethylaniline (1.908. »
1l ﬁol.) in the s:re way ﬁssthe 7T~chliorobanzerine darivstive
(XXIX, RaCly @'=H' using sodium dlcyunimide (0,85 #y 1 mol.)
and concentrated hydrochlorie acid (0.96 ml., 1 mol.). The
dark coloured resction mixturc was treated with hot methanolie
pleric acid (4.8 g. 2 mol.) end the yellov-green benzerine
dipicrate (3.8 g., 687) sepsrated. It erystallised from a;ueous
methanol in irreguler yellow prisms, M.p. 195—60(decomp., with
wintering c. 1909),

¥Yound: C, 38.1; H, 2.9; N, 23.0: Gl, 5.8,

Cc 0H121'501.20 HSO,’Na recuires, C, a7.8; H, 2;6: N, g2, 1: €1, b.1%
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It was converted to a hydrated sulphste, by the ususal
method (see XXIX, R=Cl; R'=H), which separated from agueous
ethanol in long colourless neadles, m.p. 107-115o (decomp, ,
and the solvent evaporated. After resolidification the
colourless residue decomposes C. 170-800).

Found: 1loss at 100o in vacuo, 1li.9%:; on dried materisal,S§,

10. 3

Cy0H1095C1. Ho80, requires, 8y 9.58

2-Nitro-b6-chloro-N-isopropylsniline,

2:4—Dichloron£trobenzene (8.4 g., 1 mol.) and 4isopropylamine
(5.2 2., 2 mol.) in ethanol (20 ml.) were heated to 2000 for
€ hours in a sealed tube, After codling the dsark dbrown
sludge weas wasched out with water, and the igopronylaniline
filtered off, It crystallised from aqgueous methanol
(charcozl) in fine hairlike yellow needles, m.p. 50--10
(8.3 g., 88%).

Found: C, 50.2; H, 5.5,

09H1102N201 requires, C, 650.3: H, 5,17,

;;;sopropxl-2:4-diamino~8-chloro~1:S:Q:trimzabenzepine.

(XXIX, R=Cl; R'si~ir)

o-Nitro-5-chloro-N=-igopropylaniline (8.4 g., 1 mol.,) was
hydrogenated to the dismine in methanol (20 ml.,) over Raney
nickel, and converted into the benzepine dipicrste (17.¢ g.,
317), as with the corrssponding l-ethyl darivative (XXIX,

R=Cl; R'=8t), using conceutrated hydrochloric acid (3.0 rl.)
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and sodium dicyanimide (£.66 g., 1 mol.) in water (15 ml.),
and picric acid (14.5 8¢, 2.1 mol.,) in methanol. The
dipicrate orystallised from ethsnol uss the ethanolate in
long thin yellow priems, m.p. 208-100(decomp. after sintering
at 180°),

Found: C, 59.7. H, 3.4:; N, 20,0: C1l, 4.9,
40.1‘ 3.5:

0113143501.2063307N3.02H50H rsquires,
Cy 39.7; Hy, 3.3; N, 20.4; Cl, 4.7%.

Decomposition in g-sthoxysethanol to the sulphate was
unsatisfactory, owing to the insolubility of the dipierate,
but its (11.7 g ) solution in hot cyclohexsnol (30 ml.) on
treastment with conc:ntrated sulphuric acid (6.0 ml.) in
ethianol (20 ml.) followed by ether gave a precipitate of the
sulphate (5.0 g., 86°) which was washed with ether, It
crystallised from agueous ethanol in colourless plates,

m p. 175-7°(decomp. )
Found: C, 38.2; H, 4.0: S, 8.9,

011814N5C1.H2804 r‘aqui!‘ee, C, 37.8: H’ 4.6: S, 9. 2;‘7.
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Pert II, Alloxazines asnd 1soAlloxazines,

S-Dimethylemino-p~-toluenesulphonsnilide,
3-Nitrodimethylaniline (15.3 g., 101) was hydrogenated to
the diamine in methanol (60 ml.,),, filtered from catalyet
(Raney niekel), snd p-~toluenesulphonyl chloride (18,5 g.)
added. The mixture wss heated on a steam bath for 20
minutes, diluted with water, neutralised with smmonia, and
the precipitated gulphonumide collected. It crystallised
from ajuecus ethanol in colourless prisms, m,p. 1660 (18 g.,
68%).
Found: C, 62,05 H, 5.8; S, 1l.7,
01531802123 reqgquires, C, 62,1; H, 6.,2: S, 1l.0/.

3-Dimethvlamino-g=diethyleminoethylsniline (XXXVI, R=H).
£-Chloroethyldiethylamine (4.2 g., 1 mol,) and 3~dimethy-

lamino-p-toluenesulrhonsnilide (9.0 g., 1 mol.) were added to
g solution of sodium (0,72 €., 1 mol,) in ethsnol (50 ml,),
ifter refluxing on s steam bsth for 6 hours the solvent was
svaporated, the residue treated with water, and extrscted

with chloroform. Evaporation of the extrsct . uve the

alkyl ted sulphonamide as an o011, which falled to solidify

or form cryst=:lline derivativas, It wuas therefore hydrolysed
with diluted sulphuric acid (1004., of 94%) at r-om
temperature, After 20 hours the brown solution was diluted
with ice water, basified, the smine collected with ether and

distilled, It was a very :als yellow oll, b.:. 115~70
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(bath tempersture)/0.03 mm, (4.45 g., 617).
Found: C, 71.5y H, 10.7.

C14floaN3 reguires, C, 71.3; H, 1C.0%,

The mono-nicrate separested from agueous ethanol in very

0
deep red prisms, m.p. 133
Pound: C, 51.4; U, 841y N, 18,6,

Cy4fipgNz.CgHgOpNy re.uires, ¢, 651.7; H, 6.0; N, 18,1%,.

The di-picrate separsted from ethanol ss a microcrystulline
yellow powdar, m.p, 143-4° (decomp.).
Pound: C, 44,93 1, 4.6,

5:4-Dinitro-tl-dimathyloniline.

The nitration of 3-nitro-dimethylaniline with nitrous acid,
according to the directions of Hodgson and Smith (108) geve
only 26 of the desired dinitro compound with :nuntities of
Fenitro-N-.(itroso-ii-methyleniline, Direct nitrstion,
mentioned by these nuthors »nd used rmich surlier (109)

proved mch batter. The ~winz (4.0 g.), finaly vowdered,

was zaded slowly tn <ilute nitric zetd (&80 rl,, <0¥), After
vigorously shaking for 10 minutss the mixtare w:ios diluted with
w-ter (200 ml,), the nrecipitate collscted =nd dicsolved in
boiling n-prop=nol. Hn enoling, 3:4-dinitrodirethylaniline

sepsrated in v21low neesdle=, mn. 178-90 (=.07 g., 417).



-89 -

Dilution of the mother liguor with water precipitated

21 3~ainitrodimethylaniline, corystsllising from ethanol

in scsrlst prisme, (Cu7 gy 14%} e Do 112o

(xxxv1, ReN@s}.
%1 4=-Dinitrodimethyleniline (3,84 #., 1 mol,),pdiethylsmino-
ethylamine (3.2 gey 1.5 m0l,) and fused sodium scetate

(4 g.) wore hested in an 0il bHuth when & vigorous
reazction ocourred. aftor 6 hours st 140~60° the mixture
waa cooled, dissolved in dilute . ncid snd extracted with
ether to rem:vae unrsacted nitro comp und, The agueous
solution wae basified, the preci;itated nitrojgerine, a
pale brown oil, being collected with ether and Addstilled,
SaTe }QS-EQEO(bath temperature)/0.1 mm, (3.9 g., 7).,

On standing 1t solidified in yellow-brown rrisma, m.p.
156",

Cq.480q0a8, rejuires, T, 7C.0",

The plerzte s:prsroted from sthenol in yellow dismond
shaped plates, m.p. 1710(decomp.}.
Found: Cy 16.8; H, Be4; K, 18,86,
amﬂmog:q.cﬁasﬁqns ro nires, C, 47.1; H, H.37 X, 19, 3%,

spallevazine (XXXVII)
1. On mixidg hot solutions of 3-iimcthyl-mino-g-diethyl-
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"aminosthyleniline (2,76 g,, 1 wmol.) in ethanol (10 le)
:nd of violurie scid (i. aé.; Zes 1 mol,) in watero{20 m.),
8 purple coleur, rspidly changing to.crimson, davclopod.
After one hour.on a steém bath the solution wes avgporated
to dryness under reduced preseure, the residusl isosiloxagine
Yiolurste boiled with ethanol (20 ml,), end after cooling
collecteda (2,35 8+, 69% calculated on the violuric scid,
m.p. 265° descomp. )s  The tetrahydrate separated from its
desp crimson water solution in red-bpown hair liks needles,
which crush to a e¢rimson nowder, m, r. 265o (decomp. ).
| Found: G, 456.4: H, 5.7; N, 28.4,
C1gHoq0cM e CoHz0,Na 4H 0 roquires G, 45.1; H, 6,0; N, 2.5l
Found, after drying at 120° in vacuo: |
loss, 10.%%, Cy 0.8t Hy, 5.3; N, 24,3,
GIBHE 2N6.04H304N5.%H20 requires,
loss, 10.87, C, 50,63 H, 5.4; N, 25,17
Pound, after drying at 1500 in vacuo:
loes, 11.67, €, 51.,1; H, 5.5,

18H2402N5.G 4 8* rao.uires,
» 1085] 1203:19 C. 51053; H’ 5.5%.

The hydrated h drochlariae, which wes ;urifl:d by precipitation
with ether from methsnolie hydrog:n chloride, waus a dbright
red micro-~crystalline powder, very soluble in water, m.p,

0
£00 (decomp. ),
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Found, after drying at 100o in vacuo:
Cy 53.0: H, 6,6;: N, 19,8, Cl, 8.3,

c18H24°2N6'H01.H20 l’equil"es,
0, 5206; H' 6.6: N. 20.5; 01’ 8.7770

The picrats ssparated from s:;ueo:s ethanol in dull red
mlcroscopic needles, m.p. 2420 (decomp, ).
Found, on s sumple dried at 1200 in vacuo:

C, 48.9; H. ‘:L.g; N’ 21, 2
018H240?N6‘0631507N3 Pequirﬂﬁp G’ ASe 22 ﬁ. 4.6; N’ 1, sﬁz’.

i1), g-Nitro-u~dimethylamino-p-dlethylaminoethylaniline

(0.9 8., 1 mol,) was hydrogenated in acetic acid (25 ml.)

over palladisad charcoal cutalyst, and the filtered solution
of the tetru-asmine added to warm acetic acid (30 ml.) contain-
ins alloxsn monohydrzte (0.8 gZ., 1.17 mol.) snd boric scid
(0.9 g.)e A deép orange red colour developed, and after

30 minutes st 600 the solution wap evaporated to dryness in
vacuo. The re=idnue was dissolved in hot water (15 ml.),
filtered snd neutr:.lised with dilute sodinr hydroxide when

the 1sosllox. ziig v3sparated on cooling the deep red solution

(0ed? Goy 417 )y Mels c750 (decory. ). It was purified by
Gissolvir,; in diluts sodium hydroxide, scidifyling with
ac:tic seid and neutrslising wlith zjueous sodium curbouste,
when ¢ rrine huirlike nssdles of the monohydr.te sepurated,

~

s 208-20¢° (decomp. ).

Found: Cy 07.6; H, 6,8; N, 23,0,



0
Found, after drying at 200 in vucuo, (no loss at 1500);
loss, 2.377, C, 59.3; H, 645
018!{2402”6.%&20 Pequll‘es. 1058. 2.41‘3{’ C. 59, ?: H. G.BC”.

The pierate had m,p. 2420 (decomp, ), undepressedty
addition of a gample from "i",

Found: C, 48.6; H, 4.8; N, 21.9].
The violurate had m.p. 26 4° (d@ecomp, ), undepressed by
addition of s sample from "i",

0

Found, on a sample dried at 120  in vscuo;

1033’ 10. By G, 50.4; H' Oe 50

7-Dimethyl:minoslloxuazine (XL),
3-Nitrodimethylsniline (1.0 8+, 1 mol) in ethusnol (20 ml.)

was hydrogenated to the diamine over Raney nickel, and the
filtered 1liquid zdded to a hot aqueous (10 ml,) solution of
violuric acid (0.956 &, 1 mol.)s The purple mixture,
which rapidly went crimson, wae woiled for one hour; the
dark red solid (1.03 g., 66.5%) which separated was
collectsd next day snd w.:hed with wuter snd ethanol, The
alloxuzine was purified by dissolving in hot a ueocus
methanol containing sodium hydroxide (13,.) and wss
precipitated by the addition of dilute hydrochloric acid

to the boilin; deep red solution. If the solution 1is not
boiling durins the precipitution « sel is formed. The

, ¢
orange-red powdsr then h:sd r.pe J0u~7 (decomp.),



Found, on & sample dried at 120o

G, 3.7}, H, 4.:53 H, 26,9,
: 54, 23 4,7 2667,
CyoH110oN;. FH0 reyiires C, 54.1; H, 4.5; N, 26,37,

in vacuo:,

The u. v, epectbum (p 34, curve 1) wss exumined in
N/ 20 asuasoue sodium hydroxide,

The godio derivutive separated in microscopie brick
red rricme on cooling the =1ksli (1!;) solution of the
alloxszine,

Found, after drying st 120° in vmeuo: €, 50.8; H, 4.2

012H100255Na. %HQO recguires, C, 50,0; H, 3,8%.

S-¥ethylsmino-N~dimethyluniline
3=Dimethylamino-p-toluenesulphonamide (4.0 g., 1 mol,) and
methyl 1odide (2.0 3., 1 mol.) were added to a solution of
godium (0,32 g., 1 mol.) in ethznol (20 ml.) snd the
mixture refluxed for 7 hours, After evaporation of the
elcohnl the residus was treated with water, An oll
gernarz2ted, but .olidified on treatment with dilute
hydrochloric acid, The solid, 3-(p-toluenesulphon-
methylamido)-N-dimethyluniline hydriodide (4.3 &.o 72F)
erysta2llised from water in short colourless needles,
repe 1679 (decomp.)s

Pound: C, 44.6; H, L.0; I, £8,%.

C16Ho00cNo8. HI re uiree o, il 4; H, 4,95 I, 20,47,

\ttﬁﬁbts to prepare a =0lid free base or plcrute failed,



end the hyariodtde (2.86 g.) wues hydrolysed by dissolving
in sulphuric acid (15 ml., 98%). A vigoroue resction
toak place and after 24 hours the @sep blue solution wae
diluted with ice water, filtered from fodine, basified, and
tha 3~methylémino—ﬂnd1methylan1lino collected with ether,
It was a colourless 011,(0.7 &., 86%+)§ cnd was echuracteriesed
8s the dipicrate whiah eeparated from slecoholic pieric acid
in yellow-brown prisms, m.p. 124° (decomp, ).

| Found:  C, 4l.4; H, 3.6,
-09111482.206!1507“3 re ulres, C, 4l,4; Hy 34 3%e

T-Direthyl-mino-9-methyl~isoalloxszine (Xil)..
Z-Xathylumino=dimothyluniline (0. 20 5., 1 mol.) in ethanel

(3 :11.) »~s added to a hot concantrited aquebus solution of
violuric 21l (0.47 5., 1 mol,),and the purple mixtw:re
heuted on o ste-rhuth for 1) hours, The colour rspidly
ch=nowd to erircon, the lgoalloxuzine rrecipitated, and
next day it was coliected and washed with water and

ethanol (0.650 g., 747)s It dissolved in hot dilute (13%)
aquaous sodium hydroxide to give a deep red solution.

On neutrwlisation with hot diliate hydrochlorie scid the
isozlloxzzine rer-rotad mleroscopic brick red nsedles,

v ’ |
Ctepe 7607 (dueomis e



Found on = s«smnle dried at 120° in vacuot

Foundg Q, 57.5;: H’ .5. 1: :ﬁ. 95.8
Cosfys0gN; re.uires G, U7.6; H, 4,8; N, £5,8%..

The u,v, aﬁggrption spagctrum in N/7 agueous sodium

.hydroxide is shownﬁbn r39, curve 2,

Condengstion

3-Nitro-methyleniline (2,0 Z., 1 mol,) was hydrogenated to
the diemine in methunol (20 ml., Runey nickel), and
filtered ihta a boiling solution of j&oluric ac;d
(2,07 5oy 1 mol.) in water (20 nl.).vf The mixture, which
rapidly darkened, deposited a red-brown solid, snd was
kept on s zLesmbath for one hour. The e80lid wus washed
out with water and collected (2.05 g., 9%F), mep. 235-7°
(decorp. ). It diseolved slmost completely in hot Li%
pcneous sodium hydroxide teo give a deep red eolvtion,
frem which it wir preciritsted in an »jnrphoua condition
by the addition of hot ilute hydrochleric acid. After
severnl repetitions this rrocess gsve s red-brown solid,
Me Do 540-56 (Gecoom, ',
Pound, ufter drying at 120° in veCUn,

Found: Cy D2.4; H, 4¢l; N, 27,2

Ollﬂgoiﬁbo ;‘H?.O Teq‘liTGS’ Gy, 58,133 H, .0y N, 27, 82; .

The u.v. sbsorption of thls compound (p39 curve 3) was
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examined in N/10 squeous sodium hydroxide.

The crude r;action prodiuect (0.3 g.) was extracted
three timez with boiling N/aqueous hydrochloric acid
(70, 30, end 20 ml, respectively). The last extract
was almost colourlesz, and the insoluble residue
(0.055 g., 18%) collacted, It dissolved complotely in
13¥ agueous ualkull, and after several prscipitations with
dilute hydrochloric acid was obtsined as an orange red
powd=r, lighter in colour than the originul material,
blackening 352-50. Prom its u,v. sbsorption spectrum
in N/10 squeous slkalil (p39 curvz 4) it ie believed to
congist of 7-methyl-aminoslloxuzins,

Found: Je 47,1y H, 1,8; N, 24,4

Cq1HgOgN 5o 20 re 1ires, G, A7.%; W, 1.7; N, 25,13

Found, after drylag at 1200 in vaco,
Found: 1083’ 9. :’ G, 52‘1 ‘l.; }" 3.9.

cllngozus.;neo re.uires 1loss, Z.7 , C, T.d; H, .07

A fuprth:r uz.:ple of the 2riafc rerction product
(0.7 g.) wus Jievolved in cdilnted sulphuric ocid
(4 ml., of 707) by zentle wer::in., «nd after cooling to
OC was tr:oted with 10 2oueous zodium nitrite (1 w1.),
disregarding the a:lt wiich preci-itated on coolin;,
After sbout 15 rinutes the visture wuc diluted with

woter (&b ml. ), 2nd the Toleiitroco-mothyluiminonlioyzine

collected, It wae washed with woter ti1l the washings
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were free from 804", then with eth:nol, “nc¢ dried at room
temperature in vaasuo, It was a yellow powder (0,08 g.,
37.27), blaskening c. '%00G an? sl~wly dacomposing sdbove
this ter:.ersture,

Found: C, 46.4; H, 3.3: N, 28,8,
CqyHg0g geHg0 rTecuires G, 46.9; H, 3.2; N, 29.9Z.
Found, sfter drying at 120° in vacuo, S, 19.4; H, 7.3,

CIIHBOSNS re uires, Sy 48,03 Hy 2.9%.

The filtrate, and sgueous weshings, from this substance
were added to a solution of B-neihthol (U.i% x.) in aqueous
éodium hydroxide (30 nl., of 157), 2nd after o short time
the deen rurple mivture wss neutrallsed with uccctic »cid.

The nracinitited azo-gompound (0,15 7., 41.87), a deep

nlivz green povwiar m, . Sloo(éecomﬁ.}. wag washed with
wzter t111 free Irow .2.", 'nd then with ethannl, It
dissolved in dilute »1%al1 to give = purple solution.
Found, efter dryin. in v-cuo at r-on temperature:

Se 5801y Hy 4.%: I, 17.9.

ngﬁlicauﬁ.augo re ulres, <y owe?; H, ded; 4y 18.66b.

Found, »fter drsing -t 150o in vucuo:
loss, 8.04, o, 60.1: H, 3.8,

3 ‘@ 2 o 5 o WUe O3 .8
belﬁbfsﬁe'ﬂzo re uires, loss, Te%H, 4, Cy 60,63 H, 3.8

7-aminoalloxszine (0.F i) wer dic-otised under
exuctly the same conditions, and s clear solution of the

di:zonium salt sas obtained, It 22v=, with alk-1line
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B -naphthol, a deep olive green gzo-p-naphthol derivutive
(0.23 g., 62.7%), mp. 336-8°(decomp., after sintering
c. 2750), which dissolved in alkali to give s red solution,
Found: C, 57.4; H, 4.0; N, 19.1,
BooHyg0sNge 2H,0 recuires, G, 657.1; H, 3.8: N, £0,0..

Found, after drying at 120° in vacuo:
Found: loss, 7,3b%; C, 61,0; H, 3.3,
CooHf; oOsNg. $Ho0 reyuires, loss, 6.43; C, 61.1; H, 3.3,

If the amino-alloxazine and amino-igoalloxuzine zre
converted into their azo dyes in the sazme ylelds, it
follows that this method of analysis gives:-

Alloxazine 37. 2
igcAlloxazine 66, 6%,

3-Nitro-p~toluenesulphon-(8-diethylaminoethyl)-snilide.

Sodamide (1,47 g., 1.1 mod.) was addea, ov>r 156

minutes (e.f. s=isleb, 112) to a solution of 3-nitro-p-
toluenesulphonsnilide (10.0 g., 1 mol.) and B-chloroethyl--
diethylamine (5.1 g., 1 mol.) in toluene (200 ml,) with
vigorous stirring. The mixture wzs then hexted to 1000

(1 hour), kept at 1000(3 hours) and refluxed for 1 further
hour. After filtering the toluene wus extructed with hot
dilute hydrochloric scid (£00 ml., 5 ), and on cooling the
extract derosited the alkylited sulphonzmide hydrochloride
(10 g., G8)), which cryst:ilised from v.ter in colourless
needles, M.7. 1820.

FOund: 0. ')_';.1; H, 600.
Cc l,uupév..\s. HCl1 re 1ires, C, 53.%: H, 6,1 .
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The picrate esepsrated from ayueous ethanol in
hexagonal yellow tablets, m.p. 156—70
Found, after drying at 116° in vacuo:
C, 48,0; H, 4,5; 8,5.0.
C1oMp504Nx8. OgHxOyN3 requires, C, 48.4; H, 4.5; S,5.27.

- 3-Ritro-£-diethylaminoethylaniline,
1) The adbove sulphonamide hydrochloride (8.0 g.) wus

dissolved in diluted sulphuric acid (656 ml. of 95%), and
after 12 hours the mixture was poured onto ice and basified,

The liberated nitroamine was collected with ether, and

dietilled as an orange-red oil, b.p. 125—300(bath
temparature)/0,03 mm. (2.5 g., TE%)e

Found: c’ 61. 1 H’ 8.0,

Cq o150 requires, C, 60.7; H, 8,07,

The plcrate ssparated from asc¢is-us ethenol in orsnge prisms,
Mo Po 151-20,
Found: G, 46.5: H, 4.8,
01251902N3.06H307N5 requires, C, 46.4; H, 4.7/ .

11). s-iitro-p-toluenesulphonanilide (10.0 g.) and

g -chloroethyldiethylamine (4,64 2. ) were refluxed with s
solution of sodium (Ce79 8.) in ethanol (100 ml,) for 6
hours. The solvent was evaporuated, and the residual
material hydrolysed snd worked up as in "1V, 3-Nitro-f-

diethylaminoethylaniline was obt-ined ss a deep red oil,



- 100 -

b.p. 128-30°(bath temperature)/0,03 mm. (5.06 g., 62%),
and characterised ss the piorate,m,p. and mixed m,p, 151q
A speeimen of this nitro-amine (1.5 g.) was
hydrogenated to the triamine (Raney nickel) in methanol
(30 ml,), the riltered aolution added to violuric acid
(2.0 g.) in water (10 ml,) and the mixture hested on a
steambath for 50 minutes., On cooling & rec-brown solid
(1.6 3. 52:*:'), Me Do %Oo(decomp.), was obtained, whioh
dissolved in esgueous ethanol to give a yellow solution
with a green fluorescence, very like that of the 3-amino-
methylaniline-violﬁric acid condensate. It crystallised

from water as a brick red powder with a8 . rsen lustre,

M, D, 300o dacomp), and consisted of a violurate, probably

of 7-amino-9--diethylaminoethyl-isoallnxazine and/or
the isomeric alloxazine, but its constitutinn. was not
dofinitely sscertsined,
Found, after drying at 1200 in veacuo:

Cy 49.6;} H, 5.2;] N, 25.6.

10,7 De 3

6:7-Dimethoxyalloxazine,
1).  1:5-Dinitro-verstrole (1.08 i.) was hydrogenated

(Rsney nickal) to the dismine in methunol (20 ml.),
filtered into concentr:ted hydrochloric acic¢ (% ml,) and
the solution bolled with agueonc =1lloxwn (.9 2., in L r~1,)

for 15 minutes. The yellow allox-~ine (0,65 7., 467"
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separated from the solution, after cooling was collected
and wazhed with eth.nol. It diszolved in warm 17 squeous
sodium hydroxid:s giving » yellow solition with a Brilliant
green fluors c-age und 'r W.V. 1lizht, and wss precipitated
by the gdditicn of hot cillute hydrochloric scid. If the
mixtur: ia aot kept boiling durt:.y the upaecipitation ths
allosszine separates as a g3l. The produci, .fter &
reprecipitations, sep rioted us a yellow ses. ulhydrate,
me . 3&5-560 (decomp., brown fumes evolved st c 2700).
Pound: Uy 48.2; H, 4.9?: N, 18,4.
01251004N¢1;H20 r¢ uiree, C, 17.8: I, 4.3; N, 18.6%,

1t lost w.ter alowly at IGGC i v cuo,
Found: Cy v1e7: H, 4,0,

Ciole0qNye

Peuires. G’ 55'3. 6: H' 3. 7.
Tho inteunse rod golution in coneentr Lad asulrhurie sueld
rerained clesr on heuting, ¢ ths .. ahromtion s-ectrum

is racord:ad on pase 102 end (O3,

ii). 4d-Nitrov:r irole (2.0 .;.) wus hydrs.sauiced (Raney
nickcl) in éioxane (1o ml.), »nd the amine obtuined by
filtr-tion 2nd evicorustion to drynesc di.colved in ucetie
acld (15 ml, ),  Violuric scid (1.7% .£.) wus then sdded,
nnd the mixture refluxed for 10 hours. The d.rz raroon

preci- itate (0.34 g.) was sersr-ted from tihe bdlue-bloek

polution, and ririfiad throu h alk:li (asing ehnrcosl)



s in "1", The product was a yellovw-brown powdar, m,p.
335«50 (decomp. bl:ockens e, 3000) diesolving in cold
concentrated sulph:rie =cid to give sn intence red solnution,
which charred slightly on heating.

FSund, after drying st 150O in vacuo: C, 52.5; H, 4.1.
Found (undried): i, 16.4%.

The u.v, spectrum is recorded on :. (02 and 103,

111). The amine and violuric scid (same (uentities us in
*41") 4in a, ueous solution (15 ml.) were hested on u steam
bath fbr 7 hours, The solution waent blus-black, and efter
cooling the precipitate (1.6 g.) was collscted and purified
throu-h alksli (chercosl) uiving g yellow powder (0,30 g.)
which wee redissolved and preciriteted r-ny timea, The
rroduct, = yelln: powdar .1, 3400 (decorp. ), 41A@ not analyse
for the allnrazine,

It gave = £-int red colour in cold coicentr.ted vulrhurie
vcid :nd churred bully on heatiig,
The u,v. spectrs of the rroduete of thegse three

exporireats. are examined in /10 alknli:-

Jonr ound frorm 1" , "1i" il
N-rr 7. € -iax. N-sizxe  §ericl A-more € -mox,
LL00 A vigtele To00 5600 £300 £7000
£600 26100 00 PGIRION °810 12000
""500 '!150 - ’.2‘500 * {;' "’O’ s o= et - -

1150 10400 4050 8700 1150 970



Compound from "i" "
)‘—M’.!}. ("Mo X-min. ' {."!!ino
3000 2090 3000 2600

¥ This 1s the value of §at 85004: no extinction maximum was
apparent in the curve at this wavelength,
These results confirm that the products from "i" and
"1i" are identicsl, and show that if the muin constituent
of the product from "iii" has no absorption at 41004 1t

contalns sbout 9¢ of the alloxazine,
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Part III, Benziminezoles

9 Re nnzole
1)¢ o-Phenylene diumine (0,654 g., 1 mol.) snd phenylasetimino.
methyl ether (0.76 g« 1.1 mol,) were refluxed in methanol
(8 ml,) for ons hour, No avmonia could be smelt, end. no
80l1id separated on standing overnight, even on seeding with
benziminazole. Purther refluxing (6 hours) after the
addition of a arystal of iminoether hydrochloride osused
the slow evolution of smmonia, Water wes added, and the
resulting precipitate crystallised from ethanol, 0,27 g
(26%), m.p. 186° not depressed by addition of purs
2-benzylbenziminazole.

i1). ?he‘diamina (0.63 8oy 1 mol,) and iminoether (0,87 ‘g.,
l.1 mol,) were heated together in an oil bathnwithout 8
s0lvent, Ammonia dbegan to come off at 1150. and rapidly at
155-400. After 2> hours at 150~60° the mixture was cooled
and the black mass erystallised from aqueous ethsnol (charcoal)
giving the benziminazole ag. a dark brown solid, m.p. 183-4°

(0.35 g., 35%, mixed m.p. 186-7Y)

1i1). Cold solutions of the diamine (2,16 g., 1 mol.) and
phenylace=tiriinomethylether hydrochlorida (2471 g4, 2 mol.)
in methznol (2 ml, -nd ¢ ml. respectiv:ly) boiled when
mixed and ormoninm chloride separsted. After 2 few minutes
the mixture wus poures into water (100 ml,), and the

preciritete of 2-benzylbenzimina-ols collected, m.p. 1890
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(3.6 g., 84%). It'oryatalliaod from agueous sthanol in
~ (o]
c¢olourless needles, m.p. 191 (Pound after drying at

IOOO/VBQHOS c, 80,6 H, 5.8
9 03 p Ve Uy ¢

Cale, fOl‘ 014H12H2 Co 80.8; H. 5;8% .

iv). A mixture of the diamine (1,08 g., 1 mol.), hydrogen
chloride (0,37 g., 1 mol.) and phenylacetiminomethylether
hydroohloride (1,86 g., ‘1 mol.) in methanol (6 ml,) were
refluxed for one hour, poured into water (60 ml.), neutrelised,
and the colourless £-benzylbenziminazole collectea, M. Pe 1900
(1.65 g., 79%)

v). Suspensions of the diamine dihydrochloride (1,81 g.,

1 mol.) and the iminoqthervhydrochlortﬁe (1.86 go, 1 mol.,) in
methanol (11 ml. end 3 ml, respectively) were mixed. No
apparent heating effect occurred. After 2O hours the
mixture wes poured into water (60 ml,) snd the benziminazole

worked up es before, m.p. 185-6° (0.85 g., 41%).

vi). A repetition of "v" using a totul of 12 ml, of
methanol, but refluxing the reaction mixture for one hour
gave 1.1 g., (534) of benziminazole, Me Do 188-99, Longer

refluxing fuiled to improve the yleld,

vii). Solutions of o-phenylene diamine (2.16 g., 1 mol,)
and phenylucetimincthiobenzylether hydrochloride (5.56 g.,

1 mol,) in methanol (8 ml, :nd & vl.,) were mixed. A strong
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smell of benzyl thiol rapidly developed, very little heat
vas ovolved, and asfter £0 minutes the -1xture, now cone
taining s s all ;recipitste, wes poured into water (350 ml.)
containing some concentrated hydrochloric scid (20 ml, ).

The mercuptun was femoved with ether, the syueous solution
n2utr:lised and the benzyldbenziminazole aollected, ~.r.

187-8% (3.0 g., 7er).

viii). A mixture of the thicimincether hydrochloridae

(.78 guy 1 mol.) and o~rhenylenedi:rine dihydrochloride
(1.81 8., 1 mol,) in meth-rol (10 ml.) was left for 16 hours,
ioured intc water, snd the benzylbenziminszole worked up a8

in "vit", rep. 187° (C.88 ge, 42 ).

i:2-Dimethylbenzirinazole,

nceti~inomethylether h drochloride (0,656 1., 1 mol.,) wae
udded to a solution of P-.mino-Nemethylamiline (0,73 gz.,

| 1 mol.) in ary mathanél (£ mi,). A vigorous reaction tooxk

I'luce, the rixture Loiled, and a yellow preci-it.te formed,

“fter = few minutes the mixture wes oured into wuter

(3¢ ~1.), the buff coloured pracipitate (r.n, 66—90) being

collected nnd dried, m.p. 111-20 (0,52 g, 60-). (ihiilips,

150, zives m, 65 for the trihydrate, angd r.p. 112° for

the .ahydrous compound. )

The plerate se;wreted from e uzosug ethunol in -h-rt
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yollow needles, m.n. 2430 (decomp.) I"hillips, 120, gives
m.p. 2380,
Found: Cy, 4%.4; H, 3.4.

cale, for Cgﬂlox“zc()GHsOvNa' Cy, 48.0; H, 3.9

The yleld of product was not decressed by using methanol

containing 3% of water in the condonsation,

2-lethylbenziuinazole,
A mixture of o-phenylene diamine (1.08 g.) and acetimino-

methylether hydrochloride (1.1 ¥.) in methanol ( 6&ml.)
were warmed on a steam bath for 10 minutes, diluted with
water snd the colourless precipitatc of £-methylbenzimin-
azole collectsd (1.2 g., 917), mp. 175-6° (Phillipe, 118,
gives m.p. 1760).>

It was characterised as the picrate, which separated
fpom 2than-1l in long thin yellow prisms, m.p. 211-20.
(Fhillipe, 120, gives m.p. 2480)

Tound: C, 46.,6: H, 3.0,

3310. for 0838N2.063507N3 C’ 46.5; H. 3.0}}:’.

l-Metgxl~24benlebenziminazole,
1). This was similarly prepared from phenylacetimino-

methylether hydrochloride (0.366 g., 1 mol.) and N-methyl-
o-phenylenediuzrine {0.24 go» 1 mol.) in methanol (2 mld).
It separuted ss a pzle yellow oll when the reaction mixture

was poured into water. It wes collscted with ether and
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Ccharaeterised as the picrate, which separated from agueous

dioxane in yellow-brown dodecahedra, m,p. 249° (decomp. )
Found: G, 56.7; H, 8.7; N, 15,9,

015HI4N2.Ceﬂsovnsroquiree c, 5%.9: H, 7,83 H, 15.0%.

i1). The diamine, from the cstalytic hydrogenation (Raney
nicko; of C-nitro-N-methylaniline (3.54 g., 1 mol.) 1in
methanoi (21 ml,) was filtered onto phenylaceti~inothio-
benzylether ﬁydréchloride (6.46 g., 1 mol.). Benzyl
mercaptan was instantly liberated, snd after 2 hours the
mixture wug dilnted with water (200 ml.), scidified strongly
and the mere ntsn removed with ether. The aqueous solution
wss noutralised with sodium carbenate snd the liberated oil
collected with ther and distilled. The banziminazole
(3.4 4., 667) distilled 23 u yellow 0il, b.p. 2i4-89/18 mm.,
which slowly snliéifiea, My Do 69-700. snfter eeverQI
reerystellisations it separ: .ed, from eyclcher-ne, in
colrurleca nricms, Myl 7780
FPound: ¢, 80.8; H, 6.7

01;H14N? re. nires c, 81l,1; U, A,5,

The picr:te hud my. ?450 (decorp.) snd mixed —m,n, (with

that from "§") 0470 (deconrn. )

£-liethylbenzexazole.

1)s » mixtur: of o-uminophenol (2.% g., 1 mol.,) snd acetimino-
methylether hydrochloride (£.% Z., 1 mol.) in dry methanol

(10 ml.,) was: hezted on & bolling waterbath for
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30 minutes. After the uddition of wuter containing a
little sodium carbonate to the semisolid sludge, the
benzoxazole was collected with ether and dietilled,

b. p. 208-80 (2.38 8., T6%). It was:obtained =8 =
colourless oil, which rapidly turned red on stunding, and
was characterised ss the nicrsate which seperated from

ethanol in yellow priems, m,p. 117~7’°.

e 3
Pound: C, 46.&; H, 2.6§k M, 15,2
D e
CBH70N006H5<J7“3 Pequires C, 46. 4; H’ 2e 8; N' 16, %-

Wager, 48, gives m,p. 117-80 but no analysis,

i1). A emall rise in temperature was noted whzn the
iminoether hydrochlorids (1.95 g., 1 mol.,) and go~aminophenol
(1,95 g., 1 mol.) were mixed in dry methanol (6 ml.).

After two houre st room temperature the mixtur: was worked
up as befors, giving 0.7 g. (30.) of tho benzoxuzole,

b.p. 200-220°.

1ii). Acetiminothiobenzylether hydrochloride (2.15 g.,

1 mol.) end pg-aminophenol (1.15 g., 1 mel.) in ethsnol

(5 ml.) were hsated on a boiling waterbath for 20 minutes,
cooled,snd filtered from the ammonium chloride precipitate,
Fierie scid (2.4 g., 1 mol.) was added to the heuted filtrate
and the benzoxazole ricrate senar.ted on c¢oolinv, m.p. and

rixed mop. 117-73° (1.96 2., 51, ).
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=(¥-Diethylaminopr -Z2-methyl-6-¢hlorobenziminaz
(XLIV, ®=H, R'=Cl).
1), .y-Diethyluminopropyl-2-nitro-4-chlorosniline (2.02 g.,
1 mol.,, prepared sccoraing to King end Acheson, 103), was
hydrogsnated to the trismine in methanol (15 ml., Reney
nicksl cutslyst), filtered into concentrated hydroshloric
ac1d (3 ml.) snd evsporated to dryness in vacuo, The
residusl oil was retrluxed with glaeisl acetie scid (0.756 ml.,
1.9 mol,) in IN hydrochloric scid (17,5 ml.) for £ hours
(e.f. I'hillirs, 118), the dsep red solution basified and the
benziminszole collecied with ethsr, It was a.thick yellow
011, b.p. 160-4  (bath temperature)d0.14 mm., solidifying
in long needles, r.p. 53-10 (1,06 g., 797)
Pound: G, 54.1; H, 7.9; XN, 15.3,
015H2?N301 requires C, 64.4; H, 7.9; N, 15.07,.

The monopicrute se:rusrated from ethanol in very small
yollow needles, ™.P. 1650. Yo good analyses were cbtuined
for this compound owing to its tendency to disproportionate
into tha free buse and the much less soluble dipicrate,
The dipicr.te separated from scusous ethanol in brown
dismond shaped plates, with a green lustre, ™.p. 2390 (decomp, ).
Found: oy 4Z.6: H, 4.1y N, 17,3: Cl,4. ¢

L/l‘,lef}1 cl, ‘361}5 7 6 I'C\luipes C, 4509; H. 5.8: N.l?ol? 01’4.%

i1). The nitroamine (1,27 g., 1 mol.) was catslyticully
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hydrogensted, as before, in methanol (10 ml,) and filtered
onto scetiminomethylether hydrochldride (0,49 gey 1 mol. ).
The wixture darkened in ceolour, a precipitute soon formed,
snd after 43 hours it wes collected (0.84 3., MeDe 2000.
5M.). (Identiczl results were obteined when the mixture
was boiled vigorouely for 90 minutes, and cooled), The
Tllirate wues evepcrated down, but no s0lid separated. It
wae then basified with squeous alkali, the resulting derk
0il being collected with ether and distilled, b.p. 165-700
/0,15 mm, (bath terperstures)(0.25 g.). The product, a
rale yellow oll, Gid nct solidify on seeding with
benzimiiszole, .ndé snaly:is {ndicuted : rixture (Pound:
C, 6£.9; H, 8,2/ ), Trestment with one eyuivslent of
zlconollec piceric acid guve & red semieolid precipitate, a
mixture of picr.tes, from which vome venziminezole dipicrate
fle Doy and nixed ngPe 2570 (decoﬁp:f vue lwolsted by
fractionation from sjueous alcdéol. Pre.tment of a further
portion »f the oil with sleohinlice picrolonic acld gave a
precipitats, from which the hinzininetole dinigrolonate
wss obt.lae: in y=llow priunis oy cefystulilisotion from
eth:nol, mM.TL. 27560 (Geenriv. )

Yound: Dy OF.1y M, 73 Cl, 4.6.

Qs W IN:C1. 20 HgO Ly, ragaires Sy BELC; My ke73 Cl, ket
| | /

The solid compound, MeDe 2000, eryctallised from methannl
in colourless prisms, M. De 2040, snd snelysed for the

.midine hy@Pochloride (XLVI)
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Found: 0.53.83 ﬂ, 7.9; c1, 21.6; N, 1'.?.20**

0155253401. HCl Poqulr'es C,54. O; H. 7. 8; 01. 21. L N,16,87%.

This compound gsve no armonia with hot or cold slrali, and
contained ionised halogen. The free bags, nbtained by
basifying the aqueous hydrochloride snd collecting with
ethor, was & pale yellow oil, b.p. 1600/0.2 mm, (dath
temperature).
Found: N, 17.7.
0153258‘01 requires K, 18, 9.

The monopicrate, obteined by the action of agueous
godium picrate on the aqueous hydrochloride, separaeted as the
dihydrate from aqueous ethsnol, in very deep red prisms,

m, p. 115-49
Pound: C, 45.2; H, 5.5; N, 16.8,

CIBH N4GI.CGH307N3. 2320 rQQ'Ui.Pes C. 4409 H, B.7: N. 17.4%.

After drying over phosphorus pentoxide in vacuo at room
temperature the colour lightened somewhst and one molecule
of water was lost, m.p. 115%.

Found: C, 46.1; H, D.4.

. JH O re ulrez C, 46.4; H, 5.52.
¢, H, N CLCHON . H , ; H, 5.

Found, after drying at IOOO/Vacuo:
loss 1.88%; C, 46.9; H.5.2. .
C15HopNgCleCeligOpN e $HO requires loss 1,69 : Gy 47.1: H.5.2.
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The dipicraste separated from alcoholic rieric acid
in short yellow prisms, m,p. 156° (decomp. )
" Found:t Ol, b.1l.

015n25n401.2oanao,n5 requires Cl, 4,7%.

111). The nitro compound (2,07 g, 1 mol.) was hydrogenated
in methanol (20 ml,) as before =nd filtered into ethanolic
hydrogen chloride (containing 0.29 g., HCl, 1.1 mol,) before
addition to the iminosther hydrochride (0.795 g., 1.0 mol.).
A rise in temperature occurred on mixing the reactants and
s precipitate formed, Next day the acetamide¢no derivetive
(0,65 gop me;. 2020, 27%) was collected, and the filtrate
gvaporated almost to dryness, A s0lid, mainly ammonium
chloride (0,23., saxb geparated; the methguolio filtrate
was basified with aqueous slkeli and extracted with ether.
Evaporation and distillation of the dried extract gave a
yellow o0il b.p. 165-70°(bath temperature)/0,2 mm,, which
failed to 80lidify when seeded with benzimina-ole.
analysis indicated s mixture, snd alcoholic picric zcid gave a
a likle

picrate, from whichﬂpenziminazole dipicrate was isolated,
m, pe und mixed m,p. 2370 (decomp. ).

iv)., "111" was repeated, using more hydrogen chloride
(053 g., 2 mols), 2nd no heating effecd took pluce on
mixing the reactants. Next day the dark solution was
lsrgely evaporated, some smmonium chloride separated, snd

the filtrate was worked ur ss before.
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A pale yellow oil, b.p. leoo(bath tempersture)/0.2 mm
(1.47 g., 66%), was obtained, and analyeed for the acetamidino
derivative

Pound: G, 60,9; H, 8,6; N, 17.5+

015112511401 reguires C, 60,7; H, 8.4; N, 18,9%

It wes further characterised by the formstion of the mono-
and dipicrates, and. the hydrochloride, whose m.ps. snd mixed

M, P8e were 113«40. 156° (decomp, ), and Edz-so,rospoetively.

V)e Ringclosure of the smidine hydrochloride (0.3 g.) to
the bgnziminazole was effected by refluxing :ith acetyl
chloride (%.5 ml,) for 3 hours. The solid dissolved, and
after reusction the mixture was cooled, diluted with water,
basified and extrscted with ether, Evaporstion of the dried
extract gsve z yellow oil, which soon solidified in long
needles, m,r. 52-40, (0.24 g., 927), not depressed by addition
of pure benziminazplo prepared via "i", The dipierate hsad
m.p. and mixed m,p. 238° (decomp. )

Found: C, 41.0; H, 3.9; Cl1, 5.3%).

Attempted acetylation of ?gggtro-4-chlggo—[—d1gthxlam1nogrogxl-

ani liﬂa. N
1). The aniline was recovered unchsnged after heating to 2000

for 6 hours with scetic anhydride and ~ trsce of sulphuric

.cid in sesaled tube.
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11). The aniline (0.67 g ) in dry xylene (16 ml,) was
refluxed with sodamide (0.1l g.) for a few minutes, Some
ammonis wae evolved snd the solution went very dark.
Acetyl chloride (0.2 ml.) in xylene (5 ml.) was added,
after 156 minutes refluxing the solution wes filtered and
basic material isolated from the xylene with dilute
hydrochloriec azcid. After basifying the extract a red oll
(0,13 g, ), which proved to bve the original amine, was
obtained, |

1-(¥-Diethylaminopropyl)=2~methyl-6-chlorobenziminszole
(XLIV, R=Cl, R'=H),

i) This wes similerly prepared (p.ll, "i") from
Cenitro-ie-chloro-y=-disthylaminopropylsniline (prepared
according to 121), by cstelytic hydrogenation (over Runey
nickel) in methsnol, filtration into concentrated hydroch-
loric scid (5 ml.) and evaporstion to dryness. The
residusl solid was refluxsd with glacial acetic acid (1.1 ml.,
1.1 mol.) in 4N hydrochloric acid (26 ml.) for 90 minutes,
and the deep red solution worked up ss before, The
'bgnziminezole was obtsined :s a thick yellow oil, b,.r.
140%(bath temparsture)/0.14 mm, (3.23 g., 66;').

The dipicrate gepurated from a.ueous ethsnol in
yellow needles r.p. z17° (aecomp. )
- Found: C, 43.8; H, 4.1; N, 17.1.

CISHEZNSOJ" 206850#5 l"e.luires C’ 4309; H, G - H N’ 17. 17{.
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The dihydrochloride wus precipitated by passing
hydrogen chloride into a solution of the frse base in dry
ether; it separsted in colourlese deliuescent prisms,
L 100-10o (decomp, )

Found: Cl, 26,9,
0153223501. 2HC1 reyuiresCl, 30, 2%,

11), The same nitroamine (4,52 g., 1 mol.) was reduced
a8 before in methanol (20 ml,) and filtered into a
solution of ucetiminothiobenzylether hydrochloride

(3,40 g., 1.07 mol.) in methanol (5 ml,)., Next day the
methanol was evaporated and the residue treated with
agueous hydrochloric =zcid, The benzyl thiol was removed
with ether, the a.usous solution bausified, ond the
benziminazole collected with ether, It was 2 pale
yellow 0il, b.p. 140°(bath temperature)/0,14 mm, (2.1 g.,
477) _

Pound: C, 64,13 H, 8,0: N, 150,

C,5HooNsC1 reguires G, 64.4; H, 7.9; N, 15,0

The dipicrolonate sepsrated from agueous ethanol in
irregularly ch:ped yellow prisms, Me Pe 2360 (deconmp, )

Found: U, 52.2; H, 5.0; N, 19.3;

C 10 ‘iu 40

C ’ £, H O N re.uires C, 52.0; H, 4,7; N,19,1;
15722501 20, 5Hg0 N, ¢ O T e ey

The dipicrate separ=ted from ayueous ethanol in

yellow needles and had m,p. and mixed m,p., with s sample



- 117 -
from "i", £17° (decomp. ).

£=Nitro-4: 6-dichloro-V=diethylaminopropylaniline.
A mixture of 1l:2-dinitro-it6~dichlorobenzene (5.C. &),
freghly fused sodium scetute (6 g.) snd Y-diethylaminopropyl-
omine (5,2 ml.),after the vigorous initisl reaction hed
subsided, wes hested to 160° for 2 hours, The dark
coloured reaction mixture was then diluted with a large
vrlume of dilute hydrochloric'acid, unreacted nitro compound
removed with ether, the squeons solution dbusified and the
- free amine collected with ether, Inless a large volume
of solvent is used the smine hydrochloride separates, The
amine wss an orunge red oll, b.r. 185-900(bath temperuture)
/0.02 mm, (5.08 goy TEKs)o
The hydrochloride separated from s ueous hydrochloric
vcid as 8 microcrystalline yellow powder, m.p. 216~7O
Found: Cy 43.5; H, 5.7

013ﬁ1902N301r.301 reouires, C, 43.7; H, b5.6%,

The plcrste sepsrated from :gpenus ethanol in fine
yellow necdles, meDp, 171-20
Found, sfter drying st llﬁo/vacuo:
C,41.6; H, 3.9; N, 15.5;
C1, 12.9.

01331902N5012.06H307N3 re uires, C,+tl.o; H, i.o;cﬁ. %i.g
] LSy ) L.

(XLIV, R=R'sCl),

The above nitroamine (7.8f £., 1 mol.) was converted to the
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benziminszole in the same way us the monochloro derivatives,
using concentrsted hydrochloric ucid (3.6 ml,), glaclal
acetic acid (0.8 wl.,; l.2 mol) and 4N hydrochloric scid
(25 ml.). It was a pale yellow oil, b.p. 175-80%(bath
temperature)/0,02 mm, (2.27 g., 617)

Found: c, 57.1: H, 6,93 N, 13.4: Cl, 22.4.
C15H21NsC} re.uires, C, 67.3; H, 6.7; N, 13.9; Cl, 22.6%,

The dipicrate separated from aqueous ethanol in long
thin needles, m.p. 226-8° (decomp, )
Féund:_ C, 42.3; H, 3.5; Cl, 8.7,
C15H9N3C12CgHA0n N re-uires, C, 41.9; H, 3.5; Cl, 9.2%.

Acetiminomethylether hydrochloride snd Z-smino-4:5-dichloro-
J-diethylsminopropylaniline,

1). The amine, from the c¢at:lytic hydrogenation (Raney

nickel) of the amine, liber:ted from 2-nitro-4:5-dichloro-
J-diethylaminopropylaniline hydrochloride (3.5 g., 1 mol.),
in methanol, was filtered into acetiminomethylether
hydrochloride (1,07 g, 1 mol.) in methanol (5 ml,).

~fter boiling for 30 minutes, most of the solvent evaporsted,
the brown solution was bugiflied snd the preciplitated umine
collected with eth:r and distilled, givin,: 1 pule yellow
011, ber. 1465-550(bsth temporuture)/0.04 mm., (2,07 g.,),

which anslysed for the :=c=tumrido or c:turidino derivative
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Found: C. 54. 6; H, Te de
C1sliggONgCly requires C, 64.2; H, 6.9: N, 12.6.
015324N4012 reguires C, 54.4; H, T.3; N, 16.17.

Attempts to make a dipicrolonste failed, and pierie
acid guve an inhomogeneous product, Many recrystallisations
of this materisl from agueous ethanol gsve a picrate,
Iéparating in yellow brown needles, m,p. 211-20 (decomp, ),
which in spit2 of its low decomposition point snalyazed for
the benziminuzole dipicrate

Pound: 0, 42, 53 i, 5.9; Cl. * 1%0

11). The zbove was repested, only filtering the methanolie
anine (from 1.66 g, nitroumine base) into ethanolic hydrogen
chloride (0,38 .., HCl, 2 mol.) before zddition to the
iminoether hydrochloride {0.57 <.). The mixture darkened,
no precipitete geparsted, and was worked up =fter 4 hours,
A pale yellow oil, b.t. 183-50(Qath tempersture)/0, 2 rm,
(1.07 g.) whieh analysed for a;;catamidinq»5~chloro-¥;
diethylsminopropylaniline w .c obtalned |

Found: C, 5i.2; H, 7.5: N, 16,07

~Z=miathyl-b-methoxyban~ziminazole

2=litro-4-methoxy-y~diethylaminopropyloniline (7.0‘3.,
prepared from 2-nitro-4-methoxysniline, according to 103),

wus hydrogenuted to the triamine in methanol over Raney nickel,
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the solution filtered aid the filtrate snd washings (54 ml.)
divided into two parts.

1), Concentrated hydrochloric scid (4 ml.,) was added to
one half (37 ml.). The resulting soluﬁion was evaporated
to dryness in vacuo, the reeidual gum refluxed with glacial
scetie acid (1 ml,) and 4N hydrochloric acid (16 ml,), and
the methoxy-benziminazole isolated in the usual way, It
wag a pale yellow oil (£.2 g., 647) solldifying in long
prisms, m.pe C. 400, bepe 186-80/0.8 mm, (Simonov, 122,
gives b.p. 184-50/2 mm. ).
Found: C, 70.0; H, 9.8; N, 15.2
Cale. for CygHogONg C, 69.8; H, 8.1; N, 15.%.

The dipicrate separated from squeous n-prorsnol in
clugters of short yellow péisms, e Po 338—90 (decomp.,
after sintering c.?250). simonov glves up o260,

Found: C, 46.1; H, 4.4 N, 646,

Cale., for 0165250N3.206H307N5 c, 45.,8; H, 4.2; YN, 17,27,

11). The rest of the trismine solution (37 ml.,) was added
to .cotiminomethylether hydrochloride (1.4 g.) in methanol
(3 ml.)e The olution darkened, no preciritate formed,
and =fter half sn hour the golution .us lurgely evaporated
on = steam buth. On busifying srmonia was evolved, and
the liverated base collected with ether and distilled,
bepe 178-188%/0.8 mm. (2.0 g ). It falled to solidify on
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seeding, and snalysis indlcuted a mixture, Treatment of
« portion with aleoholic picric acid gave the benziminazole
dipicrate (527 yleld), m.D. 2290 (decomp.) after one
erystallisation from agueous n-propanol,

Pound: o, 46,23 H, 4.5%
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Part 1V, Pteroylglt¢amic Acid and related compounds .

Chloroacst-2-nitroanilide. ‘
Chloroacetyl chloride (16.8 ml., 1.1 mol.) was added to

o-nitrosniline (28 g., 1 mol), and a vigorous reaction
ensued, wWhen it was over the mixture was heated till
fuesed, cooled, and the brown solid ground up with water
and washed with dilute acid, It erystsllised from
ethunol giving the chloroacetsnilide in yellow needles
(38.5 g., 887), m,p, ss-'ro. (145 gives m.p. eeo)

Chloracet-2-nitro~4-chlorosnilide .(1 .,

This wes similsrly prepared from Z-nitro-4-chloroaniline
in 78% yield, and crystallised from ethanol in psale

yellow prisme, m,p. 1410.

Phenylglycine-2-nitrosnilide. (LI, R = R' = H),
Chloracet-S-nitroenilide (2,15 g., 1 mol) and aniline

(0.93 g.» 2 mol.) were refluxed for 4 hours in n-propanol
(5 ml.) end poured into water, The precipitute,
erystallised twice from sthanol, gawe the product (1l.2g.,
60%) in nearly cubical yellow prisms, m,p. 1400,

Found: c, 61.8; H, 5.0; N, 15.8,
01481302N2 reguires, C, 61.9; H, 4.9; N, 15,5,

Unrescted chloracet-2-nitroanilide (0.6 g.,) wus
récovered by addition of water to the first ethanol mother

liquors.
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FPhenylglycine-2-nitro-4-chloroanilide (LI, R = Cl, R' = H).

1). Chlorécet-2-nitro-4-chloroanilide (2,3 g., 1 mol.) and
aniline (1.8 g, %.1 mol.) were refluxed in a-propancl
(14 ml.) for 3 hours, and the product precipitated by
‘water, It orystallised from ethanol (m.p. 132-3°, 2.0 g.,
71), and‘ou recrystallisation separated in orange-yellow
plates, mp. 134-5°,

Found: G, 56.2; H, 40; Cl, 11.8,

Cy4H,50gNs01 reguires, C, 65.0: H, 3.9; Cl, 11.64.

11). The chloroascetanilide (1.2 g, 1 mol.) and aniline
(0.45 g, 1 mol.) were heated in pyridine (3 ml.). All
dissoived, but érter a few minutes a solid separated and
violent bumping started. More pyridine was sdded, and
refluxing was continued for % hour, Next day the solid
was collected, end from the filtrate, on dilution with
water, a small quantity of chlor cet-2-nitro-4-chloroesnilide
(0.12 g.) was precipitated. The solid was soluble in
water, contained ionised halogen, and separated from
sthanol in very psle yellow needles, m. 7. 232%(aecomp. ).
It analysed for pxrid1niumacet-2—g;§gg—4—chlor9§nilide
chloride.

Found: C, 47.4; H, 3.3; N, 1l3.1.
C,gHy10sN301, Requires, C, 47.6; H, 3.4; N, 12.87.
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g-Phagxlamigomotgx;-h-chlorobengig;nazolg.

Fhenylglycine-2-nitro-4-~chloro-anilide was hydrogenated in
methanol over Raney nickel to the corresponding amine,
which separated from aqueous ethsnol in colourless plstes,
mep. 163°
Found: C1, 1e,5.
014 14ON361 requiresC] 12,97,

After refluxing this amine with aqueous methanolie
hydrogen chloride for one hour, the solvent was evaporated.
The residual benziminazole dihydrochloride, which easily
lost hydrogen chloride, crystallised from ethanolic
hydrogen chloride in colourless prisms, m,p. 250-1o

Found: C, 61.4; H, 4.8,

C14H1oN3C1.1.9HC1 reuires  C, 51.4; H, 4.37.

The picrate separated from aqueous ethanol in deep yellow
0
prisms, m.p. 214-5 (decomp).
Found: C, 49.4; H, 3.2; N, 17.6.
014H12‘N301.065307N3 req‘JirQS c, 49.3: H. 3. 1; N, 1703%.

p=Carbethoxyphenylglycine-2-nitroaniiide (LI, R = N,
R' '\"«,\tt).

Chloroacet-2-nitroenilide (4.3 g., 1 mol.), ethyl p-amino-
benzoate (3.3 4., 1 mol.) and pyridine (1.6 ml, 1 mol,)
were refluxed in n-propanol (10 ml.) for 30 hours, and

poured into water, The precipitate, after one
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crystallisation from ethanol, and one from n-propanol,
gave the product (0.82 g., 12%), in irregulaily shaped
yellow plates, m.p. 186°

Found: C, 69.4; H, 5.,0; N, 12,0,

017517051‘15 requires Cy 59.5; H, 5.0; N, 12, 2%,

Lower yields were obtained in the sbsence of

pyridine, or by refluxing for a shorter time,

2-( p-Carbethoxyphenylaminomethyl)-benziminazole (L, R = H,
R' = OBt). |
The above compound, on hydrogenation over Raney nickel in

methanol, gave the corresponding amine, which separsated

from ethanol in irregular clusters of colourless meedles,
Me Do 1690
Pound: C, 64.9; H, 6.4; N, 13.0.
017H190533 requires ¢, 65.2; H, 6,1;: N, 13.47,

Ringelosure to the benziminszole was effected by two
methods.
1) The amine (0.1 g.) was refluxed in eth%?olic hydrogen
ehloride (2 ml.), containing one drop of water, for sn
hour and the solvent was removed in vacuo. The residual
golid crystallised from ethanol giving the benziminazole

dihydrochloride in irregularly shaped colourless prisms,

[ —

it s——sarple_—made m,p., snd mixed m,p. with the

same compound prepared by Spensley, 2620,

11). The amine (0.1 g., 1 mol.) and picric acid (0.145 g.,

2 mol.) were refluxed in ethanol (3 ml,) for 4 hours,
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Next day the precipitated benziminazole picrate (0.15 &.,
90%) was collected and crystallised from aqueous ethanol
in yellow prisms, m.p. Qlco(decomp.).

Found: C, b3.1; H, 3,93 N, 16.1.
CrnplyyOgNze CgHaO0pNs requires C, 62.6; H, 3,8; N, 16, 0%,

p=Carbethoxyphenylgl ¢ine-2-nitro-4-chloro-anilide (LI, R = Cl,

R' = COOBEt),

Chloroscet-2-nitro~4-chloroanilide (2,49 g., 1 mol,),

ethyl p-aminobenzoate (1.65 g., 1 mol,) and pyridine (0.8 ml,,

1 mol.) were refluxed in n-propasnol (7 ml.,) for 4 hours, and

poured into water. The precipitate, after two crystall-

isations from ethanol, geve the product (c.0.4 g., LI,

R = C1, R' = COOEt) in fin2 yellow needles, m.p. 167 167-89,
Found: C, 54.2; H, 4.2; Cl, 9.3.

C Cl requires C, 54.0; H, 4.2; Cl, 9.4%,

171805 5

N-(2-guinoxaline)-—4-aminobenzoic acid (LII, R = OH),

p-Aminobenzoic acld (0.69 g., 1 mol.) and 2-chloroguinoxaline
(0.82 g.p 1 mol,) were refluxed in n-propanol (8 ml,) for

2 hours, when the product slowly separated as a yellow
powder (1.12 g., 88%), m.p. 340°(decomp.). It separated
from nitrobenzene in yellow needles, and was further
purified by dissolving in squeous s»dium carbonate and

precipitating as a brown powder by dilute hydrochloric acid,

mpe 344-5°(decomp. ).



- 127 -

Pound, after drying at 1500 in vacuo:

C. 66.33; H. 4.43) N. 15.5.

Cy My 0gNas #H 0 requires, C, 66.,6; H, 4.3; N, 15.6%,

Bthyl N.(f-guinoxaline)}-4-sminobenzoyl-l-glutemate (LII,
R = 1-, NHCH(COOEt)CHoCHgCOOKt).
2-Chloroquinoxaline (0.6 g., 1 mol,) and ethyl Epamino-
bonzoylflrg}ﬁtamate (1,18 2., 1 mol,) were refluxed in
eihanol (5 ml,) for 4 hours, A brown solid (i.svz..
79%) separated, and after éooling 1t was collected
and washed with a little ethanol. It orystullised
from ethenol (6harcoal) giving the guinoxaline derivative
in yellow brown needles, m,p. 1680. |
Found, after dr&ing at 1169/0.5 mm,

C, 64,0; H, Bu.5; N, 12,2,
CogpgOsNg requires, C, 64,03 H, 5.8; N, 12,47,

N-(2-quinoxaline)~4-aminobenzoyl-l~glutamic acid (LII,

R = 1- NHCH(COOH)CHgCH2COOR).

A solution of the sbove ester (0.72 g.) in ethanol (12 ml, )
was added to a solution of sodium hydroxide (0.24 g.) in
water (2 ml.). A brown precipitate rapidly formed,

and after 90 minutes it was collected and washed with
ethanol. It dissolved in water, and the free gcid

(0.54 g., 86%) was precipitated by th: addition of diluti

’ hydrochloric acid, It was purified by dissolving in
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zgueous sodium bieurbonete (100 ml.) and after treatment
with charcoal was preci itated from the boiling solution
by dilute hydrochloric aeid.v‘ It was a yellow-brown

powder, m,p. o520 (deeomp, ).

Pound, after 4rying at i!5° in vacuot
c. 59.63 H’ “Oﬁ‘ N. ’#.ob
¢ H N.H 0 r ulrea G, 59.6; H, 4.7; N, 13.9%.
20 taos 4 " ' ! ’

E-AminozghzdroxxotQxl-un;l;ge,

o-Phenylenedtamine (6.4 5., 1.0 mol.) and ethylene oxide
(2.7 m&., 2.39 g., 1.14 mol,) were heated in a seuled
tube for 20 hours at 1200, wfter cooling the residual
cerystalline sludge of E-amino-F-hydroxyethylanilino was
washed out with s 1ittle water and collected, m.p. 104-5°
(3.1 g., 41%).‘_ It cryetal;iséd from water in colourlees
rlates, m.p. 1070 {Kremer, 148, gives m,p. 1070)

Found: C, 63,0: H, 7.7; N, 13,7

Cale., for CgHygONy C, 63.2; H, 7.0; N, 18,4,

The monopicrite sepsrited from wuter in orsnge-red
rrizme, MeDe 120Q (decomp.)
Found: \:, 44’.0; H’ 4.0; N, 18.9.

The dipicrate erystalliscc from water in yellow prisms,

0
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Found: C, 32.9; H, 3.2,

CBHIQN2,805H307N5 requires C, 39,3; H, 3.07.

Di-p—toluenésulghonzl—o-nhgnxlenediamine,
p-Toluenssulphonyl chloride (59 g., 2.2 mol.) was zdded

to a solution »f g-phenylenediamine (15 g., 1 mol.) in
pyridine (75 ml.). After one hour on a Loiling water-
bath the solution was diluted withAwater (11.) to
orecipitate the product, which crystsllised from ethan-l
in colourless prisms, (46.% g., 80%) m.p. 2040 (Reverdin
and Crepieux, 149, give m.p.~201~20).

1:4-Di-r~toluenesulphonyl-2-hydroxyrethyl-1l:2:3:4-

tetrahydroquinoxg;&pe;

The abnove ditoluenesulphonyl derivative (88.2 g., 1.0 mol.),
followed by 2:3-dibromopropsnol (46.25 Z., 1.0 mol.) 4n
sth.nsl {20C ml,) was s=dded to s =olution of sodium

(9.75 Zep 1.0 mol,) in ethanol (11.) #fter refluxing for
¢ hours the ethanol wus di:ztilled off und ithe residual
sticky yellow solid washed out with wuter und dried,

This solid was refluxed with benzene (1CC mld) to remove
cumry moterlial, and after cooling the residue was collected

snd dicsolved in boiling ethunol (11.). Cn cooling the

di~-n-toluenesulphonylquinoxzline (44.5 g., 447) separated

in colourless r:risms, m.p. 1030
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“ound: C. 58.1; H, 5.3 N’ 5.7; S’ 1,3.20
02532405N282 reuires C, 68.4; H, 65.1; N, B.9; 3, 13.5%.

e=Hydroxymethyl-1:2: 3: 4-tetrahydrojquinoxaline,
1). The ubove ditoluenesulphonyl derivstive (5.08 g.)

was dissolved in diluted sulphuric scid (50 ml. 4. 1.842
with 0,5 ml, water), After 2 doys in s warm place the -
solution wes poured onto ice, besified and extracted

many times with chloroform, Evaporstion of the chloroform

gave the crude tetrshydroguinoxsline, whieh sepsrsted from

ethanol in colourless prisms, m.p. 140-10.
RPound: Cy 60,7; H, 7.3; N, 16,5,
CgllyoORg requires C, 66.8; H, 7.3; N, 17.1%,

The ricrate sepurated from watar, contsining a trace of
ethanol, in yellow prisms, m,p. 175-80° (dscormp, )
Found: Cy 45,3 1, 4,1,

CQFI,ON,. 6 507N3 re wires O, 45.6; H, 3,8,

The high yleld recorded here wes never reprcduced in
subse ,uent experiments, Yore dilute sulphuric acid
f.iled to produce complete hydrolyslis, and if the
hydrolysic was e=zrried out for a loigzer time very low
;1lelds of product wsre obtained, probably due to
gsulphonstion,

ii). The di-p-toluenesulphonyl desrivstive (5,2 g.,) was
heated with concentrated h;ydrochloric =cid (20 ml.) to
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1'70o for 9 hours. The resulting black mixture was

filtered from unchunged starting n-terisl (0,6 g.), and

the tiitrate was buslified and extracted with chloroform,
Evaporation of the exitrsct gave £-hydroxymethyl-l:2:3: 4=
tet-ashydroquinoxaline (0.7 g.y 46 ), m.p. and mixed m, p.

140o sfter one crystallisation.

Oxidation of 2-hydroxyrethyl-1:2:3:4-tetrahydroquinoxaline,

A-ieous potissium ferricysnide (4.8 g., in 20 ml,) was
added to s solution of the tetrshydroguinoxsline (0.56 g.)
and sodium hydroxide (0.7 g.) in water (20 mly). After
half an hour the solution was filtered from inorganic
material, and extracted seven times with chloroform,
Distillstion of the black tar (0.1 g.), obtuined on
evaporation of the extruct, gave yuinoxaline as a colourless
011, b.p. 130°/10 mu., which solidified on stending, m.p. 260
(Hinsberg, 150, gives m.p. 27Y).

Found: Cy T3.4: H, 4.5; N, 21.4.

Cule, for CBHGNQ, C’ 7308; H. 4ob; iy 21.5/.

c-Tribromorethyl. uinoxzline,

This was rrenered in 797 yileld (crude material, m.p. 01-29)

from freshly distilled 2-methyl: uinoxaline (152).

yethyl gquinoxaline-Z~orthocarboxylate,
cTribromomethylquinoxaline (546 o 1 mol.) was added to

8 sélution of sodium (1.2 g., 3.3 mol.,) in methanol 30 ml.)
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and the mixture refluxed for 43 hours, The solvent was
eva; orated in vocuo,. The residual gorthoester solidified
on treatment with water, and crystallised from methanol in
colourless hair-like needles, m,p. 63~5°.
Found: c, 61.8; H, 6,0; N, 11,7,
0123140552 requires, C, 61.,5; H, 6.0; N, 12,0/,

Methyl N-formyl-p-aminobenzoate
¥ethyl p-amincbenzoate (23 g.) was heated with aqueous
r-rmic acid (60 ml,, of 50%7) on a steam bath for 15 minutes,
poured into water, and the precipitated formyl derivative
crystallised from agueous methanol, It separated in large
colourless plates (20.0 g., 73%), m.Dp. 123%0.

‘ Found: ¢, 69.9; H, 4.9.
CgligOaN regquires, C, 60,3; H, 5.0..

1). A mixture of gphenylenediamine (2.16 &, 1 mol.),

ethyl isonitrosoacetoacetate (3.%£ g, 1 mol.,) and acetic
acid (1l.14 ml., 1 mol,) in ethanol (10 ml.) were refluxed
for 5 hours. On cooling snd scratching a pale yellow

s 114 (0.25 g¢p 7.87) separated, and was collected. The
fi{ltrate on treatment with aqgueous ammonia gave an acid
solubie oil, which did not react with f:4-diwilirophenyl-
hydrezine in 2N HCl. It was collect2d (with ether) and
trested with alcoholic plcric acid. 2~-Methylbenziminazole

plerate (1.8 8.» 20.) precipituted, and sfter one
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crystallisation from ethanol had m.p. =and mixed m.p. with
a sample described on p.107, 211—20
Found: C, 46,8; Hy 330

Calc. for CgHgNp.CgHzOpNz, C, 46.5; H, 3.07.

The pale yellow =olid, m.p. 2279, was solublq in

agqueous sodium hydroxide, but insoluble in carbonsate.
Crystallisation from ethanol gave pale brown hzirlike
needles of 2-methyl-3-hydroxy:uinoxsline, m.p. 2450. (154
gives m.p,. 2450).

Found: c, 67.2; H, 4.8; N, 17,5
sule, for Cgﬂadlz. C, 67.5; H, 5.0; N, 17,5%.

11). Q-Pheﬁylenediamine dihydrochloride (1.81 g., 1 mol,)
end ethyl isonitrososcetoncetate (1.59 g., 1 mol,) were
refluxed in ethanol (15 ml.) for 3 hours, Very little
material precipitated on neutralising the solution, but
¢wrathylbenziminazole was isolzted as the picrate (1.4 g.,
7¥), as before, m.p. and mixed m,p,. 211-20.

114). . o-Thenylenediamine (1.08 g., 1 mol.) and the
isonitrosoester (1,59 Z., 1 mol.) were refluxed in ethanol
(7 ml. ). o2-Methyl-3-hydroxy;uinox=line (0.5 &, 313, m.n.
end mixed m. ;. 2450) slowly separated, and after 9 hours
wus collected from the cooled resction mixture, 2-Methyl-
benziminazole was isolated trom the filtrate as the picrate

O
(1.2 g, 337%), M.pe 8nd mixed m.p. 210 .
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Ethyl 3-bromoacetoagetate (c.f., 160)

A solution of bromine (81 ml.,) in chloroform 100 ml,) was
8dded to ethyl acetoacetste (200 ml,) in chloroform (400 ml,)
in 30 minutes, the tempepature being kept belowv7o. After
24 houre stsnding =t room temperature the chloroform was
removed, and the residuzl liquid‘disﬁilled in vscuo, After
three fractionations 3-bromoacetoacetic ester was obtéined
48 a colourless o01l, b.p. 116-89/12 mm,y Ny = 144818 /170

(70 g.). (186 gives ny = 1.4830/18°),

Ethyl N-(4-carbethoxyphenyl)-N-formyl-3-aminoacetoacetste,
i) A solution of ethyl N-formyl-4-aminobenzoste (4.0 gZ.,

1 mol.) in xylens (75 ml.) was added to sodium (0.475 g.,

1 mol, ) powdered.under xylene, =nd the mixtufe refluxed for
4 hours. 3-Bromoacastoacetic ester (4,33 Z., 1 mol.) in
xylene (10 ml.) was now added, sand the mixture left for 4
hours, with occasional shaking. It was then refluxed for

2 hours, and filtered (hot) from inorgsnic msterial, The
next day unchsnged ethyl N-formyl-4-aminobenzoste (1.£5 g.),
which had separsted from the d-rk brown solution, was
collected snd the filtr:ite ev.porsted down in vscuo. The
residusl zlmost black gum partiully solidified on treatment’
with ether. This solid, after crystullisstion from ether,
then ethanol (charcoal), gave the alkyluted .nide as an
orunge yellow powder, It s3,ar:ted from sethanol in orange-

yellow prisms, mep. 113-4°  (Yield, 12-13 mg.).



Found: Cy, 69.8; H, 5.8; N, 3.2,
CIGHIQOGN !‘Qquiros, G, 59.8; H’ 5.9; N. 404%.

There was not enough materisl for énother nitrogen determination,
This compound, ih ethannl snlution, gav- a‘mauve brown
ferric chloride colour, It also gave a crystalline yellow
precipitate when its solution (in ethasnol) “ss trested with
2:4-dinitrophenylhydrazine in asqueous alecohonlie 2N HC1,
11), Ethyl N-formyl-4-aminoben oate (5.02 g.) was added to
¢ .olution of sodium (0.598 g.) in eth:nol (50 mld) and the
mixt%re was evaporated down three times vith benzene in vecuo,
The residual sodium sult was trested with 3-oromoacetoacetic
ester (5.43 g.) 4in toluene (100 ml.) as in "1, but the only
materials isolsted from the reascti-n were the original formyl
derivative, and succinylosuccinic ester (0.53 g.) crystsllising
from ethanol in pele pink prisms, m,p. 129° (157 gives 126-70).
Found: Cy 56.5; H, 6,3,
Calc. for, CyqoH3605s C, 56.3; H, 6.2%,

iii1). An attempt to effect the condensation of the bromo-
estér (5.18 g.p 1.1 mol,) with the formyl derivative (4,35 g.,
1 mol.) in the presence of sodaride (0,966 g., 1.1 mol,) in
toluene (100 ml.,) under the Eisleb conditions (1ll%) failed.
Only unchasnged formyl derivative and suc:cinylosuccinic ester

(045 o) MePe 1260, were isolated from the re:ction,



suinoxaline~2-aldehyde,

This wss prepared by the oxidstion of 2-methylquinoxaline

in xylene with selenium dioxide, as described by Borsche

and Doller (151). It was not f~und possible to reproduce
their yield (25%); a maximum of 12% was obtained, and the
use of dioxsne as & solvent (c.f., 158) caused a deterioration.
The guinoxsline, which had a sickly emall, crystallised

from light petroleum (6Q/80°) in yellow platelets, m.p. 1080.

N-(quinoxaline-2-methylene)-4-aminobenzoic scid (LV, R = OH).

Juinoxaline-2-aldehyde (0.46.3., 1 mol.) and p~-aminobenzoie

ecid (0.4 g., 1 mol,) were heated to 100o

in dioxane (5 ml,)
for one hour. The reactants dissolved, and the product, =
yellow solid, rapidly separated. It erystallised from
dioxane in lemon yellow needles, mM.p. 286-70 (decomp, ) which
reacted immedistely with £:4-dinitrophenylhydrazine in
squeous ZNKC1l.

Found: C, 69,6; H, 4.2; N, 14,93
01631102N5 requires C, 69.3; H, 4.0; N, 15,27,

All attempts to reduce this compound in uslksline
solution to the secondary amine (LIII, R = OH) using sodium
amalgam, or hydrogen over Raney nickel or pallasdised charcoal
failed. lothing homogeneous could be isolasted from the

resction mixtures,



- 127 -

Ethyl K-(quinoxuline-2-methylene)-4-aminobenzoate (LV, R = OEt).
Quinoxaline~-2-aldehyde (1,9 g., 1 mol.) end ethyl p-amino-

benzoate (2.0 g., 1 mol.) were refluxed in dioxane for 3%
hours, the esolution was cooled and separation of the product
(3.01 g., 82%) assisted by the addition of water, It
erystallised from aqueous dioxane in very pale yellow
needles, m,p. 1390.

Found: Cy 71.0; H, 4.8; N, 13.6.
018H150§N3 requires C, 70.8; H, 4.9; N, 13.8%.

Ethyl N-(gquinoxsline-C-methyl)-4-sminobenzoate (LIII, R = OEt).
i). Ethyl N-(quinox:line-2-methylene)-4-aminobenzoate in
dioxane solution was not recuced by hydrogen in the presence
of palladised charcoal; unchanged starting material was

recovered,

11). The ssme ester (0,527 g.) tn dioxsne (15 ml.) wes
hydrogenated over Adems catalyst (PtO,) until the theoretical
sisorption of hydrogen re nired to'aaturate one double bond
had taken place, Furthei adsorption occurred if the
reusction was left. The very dark brown solution was
filtered, and avaporated to dryness in vacuo. Treatment of
the residual black tar with ethanol gave the produet as an
aliost colourless solid (0.188 g., 35°) which was washed
with ethanol. It was almost insoluble in bolling ethanol,

diox-ne, water, and N aqueous hydrochloric sacid, slightly
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in aqueous f~ethoxyethanol, snd easily in pyridine. It
separeted from the latter solvent, on cooling, in colourless
prisms, m,p. 229-320 (slight decomp.).

Found: ¢, 70,0; H, 5.3; N, 13.3; Mol, Vt. 295.
°1s“17°é“5 requires, C, 70.4; H, 5.5; N, 13,75; Mol. wt. 307,

The compound was soluble in warm agqueous hydrochloriec
acid (3-4N), énd its solution gave no reaction with 2:4-
dinitrosphenylhydrazine in ajueous 2N Hdl. It géve a deep
blue so0lid with cold concentrated hydrochloric scid, and a
deep purple solution in cold concentrated sulphuric acid,

which zave a purple precipitate on dilution with water,

11i). The same ester (0.3 g.) in dioxene (5 ml,) was
hydrogenated over Raney nickel. Adsorption ceased when 36%

of the hydrogen reguired to saturate one double bond had

been taken up, and after filtration the yellow brown solution
was evsporated to dryness in vacuo. Trestment of the

residual red oil with ethunol precipituted ethyl N-(quinoxuline-
¢wmethyl)=4-aminobenzoate (0.1l gep, 33 .), M ;. 227-310 (decomp, ),

Nothing homogensous could be isolated from the filtrate,
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3-(4-Carirethoxyanilino)-2-bromoscrolein 4-carbethoxyanil

W¥I, R = .
(LI, R = NCH,COOEt)

Ethyl p-sminobenzoate (7.5 g., 2 mol.) and mucobromic acid

(5.9 g., 1 mol,) in ethanol (40 ml.) were heated on a
steam bath for 20 minutes, The orange~-~red precipitate
(7.9 g., 62%) was collected next day, and on crystallisatiég
from squeous ethanol it gave the anil hydrobromidse
dihydrate in yellow peedles, m.p. 249-50° (decomp.).

Found: C, 44.9; H, 4.5; N, 4.9.
CpyHo)O4NgBr.HBP, 2Ho0 requires, G, 44.8; H, 4.6; N, 5.0%

3-(4-Carbethoxyanilino)-2-bromoacrolein (LVI, R = O).

The sbove hydropromide (9.7 g.) was boiled with water
(1500 ml,) for 45 minutes. Next day the yellow solid was
collected (5.1 g., 99%) and on erystallisation from ethanol
it gave the aldehyde in almost colourless needles, m.p.
159-60°,

Found: C, 48.0; H, 3.8.

012H1205NBr re,uires, C, 48.3; H, 4.0

Attempts to condense this compound with o-phenylenediamene
i). in boiling ethanol,
ii) in boiling ethanol in the presence of sodium carbonate,
iii) in boiling aqueous ethanol with one or two eguival: nts
of hydrochloric acid,
1v) in ethyleneglycol at 140°,

gave black solutions and small quantities of intractsble

black tars or solids.
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Bromomethylglyoxal,

Bromine {8,4 ml., 1 mol.) in chloroform (50 ml.) was added
to a solution of methylglyoxal (11.8 g., 1 mol.) in
ehioroform (100 ml,), the mixture wae refluxed for one

hour and large (uentities of hydrogen bromide were evolved,
The solvent was removed in vacuo und the residual liquid
distilled with a green vapour, b.p. 116—1409/15 M,

It condensed to & yellow-green liqguid which slowly thickened
and became slmost colourless.

Found: C, 24.2; H, 2.,9;) Br., 51.7.)
24,65 H, 2.8;) Brey .5ids )

C3H3028r reiires, C, 23.8; H,; 2.0; Br, 63.07,

Fteroylzlutemie scid,
2:4: 5-Triamino-6-hydroxypyrimidine bisulphite compound

(0.95 g.) was boiled with N agueous hydrochloriec acid

(a few ml,) till the evolution of sulphur dioxide ceused:
the solution wes filtered und added to p-uminobenzoyl-l-
glutamic scid (1.2 g.) in water (150 ml,). Bromomethyl-
glyoxal (0.68 g.) in ethanol (160 ml,) wus added, over

30 minutes, with vigorcus stirring at pH 3-4, end stirring
wag continued for « further 9C minutes. The brown
precipitate (0,27 g.) was collected, washed with wauter snd
ethanol, snd dried. Blologieul essay using S. laetis R.

chowed that it contsined c. 57 of pteroylglutamic acid.
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