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Growth Factors and Growth .Factor Antagonists.

The introduction consists of a brief review of the 

subject with special reference to antimalarlal agents and 

haematopoietic factors.

Fart I, Some synthetic Bisuanidj^jte derivatives.

It has been suggested (Curd and Rose, Nature. 194-6, 

158. 70?) that the activity of paludrine as an antimalarial 

is due to the interference of a dimeric form with a 

porphyrin enzyme system essential for the growth of the 

plasmodia.

Paludrine.

Hawking (Nature. 194-7, 159. 409) also showed that paludrine 

was inactive as an antimalarial in vitro, but was converted 

into an unidentified biologically active material in vivo. 

Oxidation 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
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dicyandiamide, or ieopropyl- or n-butyldicyandiamides 

in aqueous solution, and were usually purified through 

the picrates or copper derivatives. The hitherto 

undescribed alJtylated dicyandiamides were prepared 

from sodium dicyanimide and the appropriate amine 

hydrochlorides in "boiling n-butanol.
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These 2-guanidinobenziminazoles, as their 

hydrochlorides, were tested against F. gallinaceum in 

cnicks, or P. relictum. in canaries, but only two, 7 and

14, had even slight activity. These results showed
I

that 11 could not be Hawking^ "biologically active

metabolite and do not support Curd and Rose's theory. 

The Mmolecular form of 11 is no less liKe the porphyrin 

ring system than the postulated paludrine dimer.

None of the 2-guanidinobenziminazoles showed large 

"bacteriostatic action against B. coli, or S. jaureus 

"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 ®-pheny 1 enedlamlne 

and dicyanimide, and when prepared according to 

Pellizzarl (Gazzetta. 1921, 51. I, 14-0) could not be 

induced to combine with isopropylarnine.

The product of the reaction of £-pheny1enediamine 

with dicyanimide, 2;4-diamino-1; 3 ' 5-triazabenzeplne (16), 

is a derivative of a new heterocyclic system. It was 

stable to dilute acid and alkali, and like its 1-methyl 

derivative (18) did not react with nitrous acid.

A series of these benzepines was prepared from the 

appropriate diamines and dicyanimide, and one (20) is a 

possible paludrine metabolite.

s.

R. R 1 . R. R' .
16. H H 19. Cl Et,
17. Cl H 2C. Cl i-Pr
18. H Me

The compounds had no effect on the growth of B. 

or S. aureus broth cultures.

Part II. Alloxazines and isoAlloxazines .

This was a continuation of earlier work by the 

author and Prof. F,E, King (J. , 194-6, 681), on the

nr Experiments by P.C. Spensley.
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preparation of alloxazine derivatives for biological testing.

Piloty's synthesis of alloxazines (Annalen. 1904, 333. 

44) was extended to the isoalloxazine series, and violuric 

acid was found to react with 3-dimethylamlno-B~dlethylamino- 

ethylaniline to give the corresponding isoalloxazine (21), 

isolated as the violurate. The constitution was proved by 

an independent synthesis from 2-amino-5-dimethylamino-£- 

diethylaminoethylaniline and alloxan, showing that the violuric 

acid condensation took place in the 4- position, rather than 

the 2- position of the benzene ring.

The 3-dimethylamino-p-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-dimethvl- 

amino-ff-diethylaminoethylaniline, obtained from ^-diethylamino- 

ethylamine and 3!4-dinitrodimethylaniline.

The reaction of violuric acid with 3-amino-N-methylaniline 

was investigated as this could give an



and/or an isoalloxa^lne, assuming that this
CL £-

condensation also takes place in t±te±3=- position of the 

benzene ring. A comparison of the ultra-violet 

absorption spectrum of the product with those of 

V-dimethylaminoalloxazine, and 7-dimethylamiTio-9- 

methylisoalloxazine, prepared by Piloty's method, 

showed that it was inhomogeneous. Its sulphuric 

flcid solution was therefore treated with sodium nitrite 

The precipitated 7-(N-mtroso-^-raetny 1 amino)-alloxa z ine 

was collected and the filtrate gave an olive green 

azo-dye with 0-naphthol in dilute alkali. From the 

respective yields of tnese products the ratio of 

alloxazine to isoalloxazine in the mixture was 

approximately 10:60. The first stage of the Piloty 

reaction is probably the attack of the 4-carbonyl of 

the violuric acid on an amino ?;roup of the diamine. 

If the first stage were the attack of the oximino 

group in violuric acid on the benzene nucleus the 

initial product would be an anil of a type that does 

not cyciise to an alloxazine derivative (Tischler, 

Wellman and Ladenburg, J. Amcf. ? Ghem. Soc,. 1945, >6£, <Jl

Part III. The synthesis of some Benziminazoles

The reaction of phenylacetiminomethylether with 

_o-phenylenediamlne N to give 2-benzylbenziminazole was 

investigated. The free iminoether reacted with the
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diamine only at elevated temperatures to give poor yields 

of the benziminazole, but the reaction was acia catalysed. 

In the presence of one, or two equivalents of acid good 

yields of the benziminazole were obtained, but if tnree 

equivalents were used the yield dropped. This was also 

found with phenylacetirninotniobenzylether, and the 

reaction mechanism has oeen interpreted as an attack of 

the iminoether cation on an uncharged aromatic amino 

group.

The reaction was extended to various mono-N-alkylated 

_o-pheriylen=5dia, lines 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 awaited.

2". R = H, R' = Gl.
f-:3. R = 01, R' = H.
£4. R = R f = 01.

Acetininothiobenzylether hydrochloride with 2-amino- 

h-chloro-Jf-diethylaminopropylaniline also gave 23, but 

only small quantities of 22 were isolated from the
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reaction of acetiminomethylether hydrochloride with 2-amino- 

4-chloro-X'-diethylaminopropylaniline under various conditions. 

The main product of the reaction was provisionally regarded 

as 2-(N-acetamid1no)-4-chloro-y-diethylaminopropylaniline. 

In support of the idea that the electrophilic chlorine 

atom para to the secondary amino group in the amine was 

reducing benziminazole formation the corresponding 2-amino- 

4-methoxy-i'-diethylaminopropylaniline gave a much larger 

yield of l-(y-dietnylaminopropyl)-2-methyl-4-methoxy- 

benziminazole with acetiminomethylether hydrochloride than 

the chloro derivative.

Part _IV. The synthesis of Pteroylglutamic acid and Related 

Compounds.,

25.

The benziminazole analogue (25) of ethyl pteroate 

was prepared from chloroacet-2-nitroanilide, which reacted 

with ethyl r>-aminobenzoate to give 4-ca_rbethoxyphenylglycine- 

2-nitroanilide. On hydrogenation this gave the corres­ 

ponding amine which cyclisea to ethyl N-( 2-"benziminazole)- 

4-aminobenzoaGe (25) under acid 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-gi.ininobenzoic acid (26) was 

prepared from 2-chloroquinoxaline and jo-aminobenzoic acid. 

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

26. R = OH.
27. R = 1-, NHCH(COOEt)CH2CH2COOEt.
28. R = 1-, NHCH(COOH)CH2CH2COOH.

The pteroylglutamic analogue (28) was prepared by 

the hydrolysis of ethyl flft-(2-quinoxaline)-4-aminobenzoyl- 

1-glutamate (27), the condensate of 2-chloroquinoxaline 

and ethyl jD-aminobenzoylrrl-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-2-methyl)- 

4-aminobenzoic acid (29) and some of its derivatives were 

made.
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29. R = OH.
30. R = OEt.

It was not found possible to prepare 2-bromomethyl- 

quinoxaline by any route examined, but quinoxaline-2- 

aldehyde react-ed with _p_-aminobenzoic acid, and its ethyl 

ester, to give the corresponding anils. Nothing 

homogeneous could be isolated from the reduction of N- 

( quinoxaline-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.

IV'ethylglyoxal on bromination gave monobrorronethy 1 - 

8 L£'-i^LLLj which reacted with 2:4: 5-triamino-6-i-'v>ir'o--'y-n;irrimidine 

and _n-aminobenzoyl-_l-glutamic acid to give a product 

containing about b^l' of pteroylglutamic acid.
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INTRODUCTION* 

growth Pfecfeora end Growth Factor Antagoniete.

The necessity of the presence of certain materials for 

the normal growth of all living matter has long been recognised. 

Materials* without which a specifie organism fails to grow or 

develop normally are known asTgrowth factors" for thet 

organism "but the term is often applied to rntariais only 

retired in small quantity. The growth factor requirements 

of different organ!ons vary greatly. Some have the power 

of eynthesising most, or fell of these materials from simpler 

^substances, while others have not. 'Alien an organism can 

syntheslse one of these it becomes independent of an 

external source of supply, though the presence of the subat .nee, 

usually termed an "essential metabolite" in the organism Is 

necessary for normal growth.

Flldes and others (1) have shown that the antibacterial 

action of various drugs may be cue to three types of inter­ 

ference with essential metabolites, and these will now be 

considered.

The growth of certain annsrobic b.-jctarin ia stopped by 

the addition of various oxidizing -j^oats, but only if these 

substances penetruie tha call wall (2). Jrowth restarts 

when all the oxidizing ^snt has J3exi reduced by the organism, 

suggesting that the antibacterial action is due to the mis 

oxidising an essential metabolite involved in an oxidation 

reduction process.
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The second class of bacterial growth inhibition le caused 

by compounds which react with essential metabolites to form 

an inactive product. The antibacterial action of mercury on S- 

augeus. which requires compounds containing thlol groups for 

growth (3) IB of this type. The growth inhibition, within 

limits, Is specifically neutralised by -^1! groups (4) and 

hydrogen sulphide (5), which preferentially combine with the 

mercury and release the essential metabolite. The toxic 

affect or arsenic in the blood of animals Is similarly 

neutralised by treatment with 2:3-dithiopropanol, ̂ s the metal 

combines, with this thiol in preference to the biologically 

essential compounds In the tissues (147).

The third type of interference was suggested from 

investigations into the mode of action of the very important 

antibacterial^, the sulphon^mldea.| The first theory of 

their mode of action, for which there was no evidence, was 

tftat of interference with a bacterial proteolytio enzyme 

system (6). Mclntosh and whitby later postulated interfer­ 

ence with an enzyme system blocking a vlt-1 food sup -ly (7), 

and Stamp (8), and dreen (9) obtained bacterial extracts 

preventing the antibacterial action of sulphanllamide. This 

was the first time a sulphanilamide ..utagoniet had bem found, 

though Woods (10), assuring that aulf hanilamidea acted through 

chemical combination with an essential metabolite, had 

exenlned many compounds for this kind of activity. He also
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found that yeast extracts had this property end showed that fc 

proportionality existed between the quantities of extract 

required to antagonise the effect of various quantities of

eulprianllamlde, This let to the ides that the activity of
< 

the drug was due to its ability, because of similar chemical

properties, to compete with ^n essential metabolite for en 

enzyme system in the bacteria. Various analagone compounds 

to sulphanilamlde were then examined end j^-aminocbenxoie acid 

was found to hare the required biological properties in vitro. 

one molecule antagonising the action of £5,000 molecules of 

sulphanllamide. This inhibition of sulphanll amide activity 

is also shown in vivo (50). Very many derivatives of 

aulphenll amide heve been made in order to increase its use­ 

fulness as a drug (11), and aome of these, e. *.% sulphuthiusole, 

(I), and sulphacJiazine (II) have much greater bacteriocidal 

activity than the parent compound.-

I. II.

More cletallod studies, suggest inj thcJt the activity of the 

sulphonamldea wag due to the action of the Ion r-.ither than tha> 

of the undiauociuted molecule, hivo bsun c arried out by Bell 

and Goblin (12). They found that a plot of pK§ against log 

I/Of, where Gj* is the minimum molar cone at rut ion neceaaary to



prevent growth, for a aeries of 8Ulphom»mides» gave a curve 

with tha activity passing through a rruixlnuro, Up to » limit, 

the bacteriocidal activity of the aulphonunldea incroaoed with 

their acidity. This is stated by ^sll and Goblin bo be due to 

the electroph|l^ic sxilphonHiuide nufcetltusnta increasing the 

negative charge? on the 30 g group and thus increasing the 

similarity to £-amlnobensaie acid.

Wore electrophjllc aulphonamido substituents (R, in tv ) *iil 

move this negative charge towards the nitrogen nnd awuy from 

the SO;- group, decreasing the similarity to js-amlnobenzoic 

acid (III) and explaining the fall* in activity.

N

H

in. IV.

This correlation between a physical property and biological 

activity ie very Important, and -n ex^min! tlon of the ^reph 

^h-5'.va th£.t the highest bacteriocidni   ctlvity prr.babjy 

actgin.'ble in this series is tho n :.y f.nlphathia^ole (I) and 

the ; -.. rlmldlnes. Other theories have nlro been put for word 

to explain the different ^ctivitiee of various aulphonamirteo 

(13) but they hsve no declrtia^ evifienco in their favour.

Henry (14) has stated that sulphonesmldea are bacterio- 

atats, but it has been conclusively shown that they ere
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bacteriocidal in action (15). Woli'f and Julius (16) hare 

proved that they are bacteriocidal to the logarithmic phase 

of bacterial growth* and havo no action on the resting 

condition.

0' Wears (17) has recently discussed the in vitro action 

of eulphonarrldes, and Mcllwaln (18) h^o shoim that there is 

no bulk displacement of p^-uminoben^oic acid from bacteria by 

sulph&nilamlde. This muy be explained by assuming that the 

cell wall has a selective permeability, but this seems 

unlikely and the £-aminobenzoic t,cid is probably "bound** in 

some way in tha orgunism. . Numerous other substances apart 

from j>-aminoben*;oic acid huve been found to antagonise 

sulphon^rrlde action, e.g. cethionine (19), adenina (£C')t 

urethane (21), and an unidentified sub-tbnce, not £-aniino- 

benzoic acid, isolated rrom yeast extract (22).

Th~ metabolic products of sulphonar.ides in various 

animalc, hao been investigated, oUd the isolated products, 

usually hydroxylated compounds, have little bacteriocidal 

activity. aulphaouinox^line (V), for example is converted 

into VI by rate (31) and Qulph-.nilamide into VII by r-o kbits 

(32) and by man (33).

V. VI. VII.
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It Is therefore clear that though the Plloeo - Woods 

theory Is a very useful wording hypothesis the evidence for 

It Is not conclusive. The complexity of living organisms 

creates great difficulties In the interpretation of experi­ 

mental result B and there is no universally accepted theory 

of sulphonamlde action at present.

Perhaps the most Important consequence of this theory 

ia that it indlcotea how the structure of new chemothera- 

peutic agents mi,*ht be modelled on known growth factors. 

The first sul) stance 8 er > lned for £r--wth Inhibitory action 

on various bacteria because of structuel resemblance to 

a growth factor were pyridine-5-sulphonlc acid (VHIt 

R *OH) and its amide (VIII, R * NHP ). The inhibition 

produced by these compounds was prevented by the addition of 

nicotinlc acid (IX) to the medium (S3).

VIII. IX.

An analogue of thiarnine, (Jji ) pyrithiamlne (JO), has been 

prepared (26) and its growth inhibitory affect on various 

organisms requiring thlamine is removed by further additions 

of th3 lat,ter compound (27). The relationship

xi.
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of the two compounds has been examined further (28), and in 

mice ae little aa 20 fr of pyrithiamlne per day produced thiamine 

deficiency symptoms and the death of the animals* All the 

symptoms could be cured by the addition of appropriate 

quantities of thiamine.

^-Aminosulphonlc acide inhibit the growth of bacteria 

requiring the corresponding o^-aminocarboxyllc acids. This 

inhibition is prevented by the addition of appropriate amounts

of the corresponding ok-aminocarboxyiic acids (24). similarly
i ; 

the Inhibitory effect of pantoyltaurine on the growth of

certain bacteria is prevented by the addition of pantothenlc 

acid (25).

Very many compounds having structures cornparable with 

Gsciential metabolites have been prepared and tested for 

biological activity (29) but t;o far no useful chemotherapmut- 

icals have been discovered from this approach. Chemothera- 

peutical action only takes place in completely biological 

systems, and it is the differential action of the drug on the 

host and the parasite that is BO important. Unless it la 

large, enabling the effective dose for the destruction of the 

parasite to be much less than the toxic dose for the host, the 

drug will be too dangerous to use. If more were know about 

the relative growth factor requirements of bacteria, other 

parasites, and their hosts, it should be possible to predict, 

with much more certainty than at present, the structure of 

effective chemotherapeutieals.

Most of the work reported in this thesis is concerned
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with antianaemia factors and antlrealorlals, so thase two 

subjects are now "briefly discussed.

The important, clinical effects of liver in the 

treatment of anaemias hb.-i lon^ b^en recogniaed. Jnell 

and Fetsrson (54) succeeded In concentrating a materiel 

(the "norite eluate factor") assent i-.l for the growth of 

lt« -QaaeA from liver. Thie aubst iaaa also ocaurrea in 

yeast, and Hatchings showed It wss * growth factor for 

other bacteria (35) and chicks (36). J'ltehell, Snell 

and Willlome (37) later obtained a spinach concentrate 

("folic acid") required for the growth of ,8. Iflotis R. 

and also effective for JL. caeei. Pflffner et al, in 

1943 (38) isolated a crystalline material from liver, 

culled vitamin Bo , which wss a growth factor for chicks 

end highly active for ^, C;-s3i, The materials from llvar 

and yeaot hid a/proximately tha so me potency for JL» cagei. 

but the former was the more active for £. lao^tis R. 

Both these materials were different from a BUbat^aoe 

isolated by Kerenstesy (39), which waa about 2,500 times 

as active for j§. lac tig R ae. for L. paael. Bute hinge et 

al. (40) then isolated a crystalline materiel, Cb-90?-~ as 

active for L. caaei as the liver factor, but only 6?- as 

active for j|. laeti^ £. Its u.v. absorption spoetruri, w-ia 

similar to the compound from live*, end both materials had 

beneficial erfects on chick nutrition.

Chemical Investigation of the pure growth factors



- 9 -

has considerably clarified the position. Angler et ul* 

(41) have shown* "by degradation and synthesis, that the 

liver Ij. cqaei factor Is XII (XII, H*l-, NHCH(COOH)CHg 

CHgOOOH, R*   H), called pteroylglutamic acid, and it is 

identical with Pfiffner*s vitamin Bc (42). They have also 

shown that the £  caeei growth factor obtained from yeast is 

pteroyl-triglutamic acid (43) but the mode of linkage in 

the peptlde chain is not disclosed*

H 0 XII.

i'tsrole ecicl (XII* R «s OH, E T « H) has £.lao been synthesised 

(41) urid is & powerful growth factor for £. j.actie R* It. 

hu3 little activity for L. gasai. and is inactive in the 

chick.

A very similar growth factor for j£. .lactia ^, having 

little growth factor activity for L. caeei and none for 

the chick, has been isolated from the fermentation liquors 

of Rhisopus Nijgric.ans (44). It h?s been identified and 

synthesised (45) and is formylpteroia acid (XII, R * OH, 

R f   CHO).

Larapen and Jones (46) investigated the effect of 

pteroylglutamlc acid on the growth of bacteria prevented 

by aulphonamldes, but only a small reversal of the growth 

inhibition was observed. \ohagen (47) found that 

jj-aminobenzoyl-jL-glutamic acid was 8-10 times as effective
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se £-orainobeuzoic ^cici in preventing the growth Inhibitory 

efi'oct of aulphanilard.de oa (±. plantareum, and £-umino- 

benzenec6ulphonyi-.l--eluttittic acid has little bacteriocidal 

activity (11). Little ccuiuaetioix there appears to exist 

between the mode of action of eult-honumidea and 

pteroyl^lutamic acid,

Other materials have been isolated from liver, 

Pfiffnar at al. (49) obtained a crystalline vitamin Bc 

conjugate, shoisn to be pteroyl-hex^glutamylglutamla acid (50). 

Thia has (only slight growth promoting activity for £. 

lactig £ and L. easel, but IP strongly active for the 

chick.

Th« cltnicbl effect of synthetic pteroyl£lut*rnlc 

»?cid on various tyj;ee of .-vn-jemit; has "been cornpared v:ith 

that of unpurifitfcl liver extract, end it is clear that 

pteroylKlutamlc acid is nol the only haematopoietic factor 

of importance as the liver extract is often batter, &nd 

acts in a rath-ir different way. H^ll (51), compared the 

Snell and Williams spinach concentrate microbiologically 

with pteroylglutarric acid,

His results indicated that ti'ie extract was a mixture. 

^,dter experiments showed that this spinach concentrate 

may contain two factors associated respectively with 

e <rly and lato .ucid production by j3. lao.tis j£ d iring long 

incubation (52). Hjll ^Iso suggested, though the 

evidence is scanty, that the compound associated with
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early acid production w^s pterin-like, while tha other 

mat •-'. r 1 * 1 waa nou-pterlu-like in character.

3;.:Ith (55) has recently isolated tv:o red pigments in 

very small yield from liver. These compounds are highly 

active ^gainst pernicous anaemia, and may not contain a 

pterln nucleus. It is stated "the pigments are differing 

forms of the clanc-lcal liver factor postulated by Minot and 

Murphy in 1926 (£4), and not sorre incoraplete substitute such 

ee thymlne of folic odd".

Rickee et &1., (134) have &leo reported the isolation 

of a red crystalline truterial, vlts-irin Bjr, frorc liver* 

It has -..n extcemely powerful haematopoietic effect In oasea 

of rernicor« an^erl?, but no chstnical dsta heb been reported 

PO f.;r.

Ths conrasjion exiotlzij In this i'ield of resaareh, now 

taing olMi'iflecJ, h^s "oeen r;,t.lnly dua to the attempted ovar- 

simplification of the problem. Tlu lndiBorl.nirj.iita use of 

the tarm "folic acid" to describe :ro;/th factors for L. caseJ 

regardlgss of eoure-r h,-3 not helped the sit' tlon, nor has 

the ur.e of non-standcrdised "biological teats for the 

examination of different concentrates. Much elucidation 

re ;ains to be done and important advances are expected in 

the near future.

quinine has been widely used aince very e&rly tiir-es for 

the treatment of malaria. It was unsatisfactory in many 

ways as an antImalorial and attenrpts to find a more



«ffestive substitute have "been In progress for a long time. 

The greattet efforts however teofc place during the las'! 

war, when the lose of Java deprived jno»t of the world of 

it a GUI in sottfea of quinine,

Hathylant )>lue wse tha flret synthetic drug found to 

show sntitaalarAal aotivlty, and Bchulemann (55) mada the

first advane* by ehowing that tha activity incraaaad with«  * ' .
the introduction of a dialkylaminoalkyl aide chain into 

the moleottlerir! Many heterocyollc congpoonda were then 

examined , tut the greateat activity waa found in a aeriea 

of quiaollna deri-rstlvea (66). The moat aotive was 

c lied "piaamoquin" (XIII). Similar ooiapounda had the
^. '

some ordei» !of activity (57) and Magidson et al* (58) found
i , 

that the activity was greater when the nuniber of carbon
: .4 -** 

atoms In the side chain between the nitrogen atoms was odd

than when it w»a even. Plasmoquln has the disadvantage 

of "being rather toxic, tut recently an equally active (59) 

less toxic analogue has been prepared (60), and named 

"pentaquine" (XIV), The relapse rate with patients treated 

with this drug was much lower than when plasmoquin waa 

uaed (146).

XIII. XIV,
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Investigations into other ring systems (61) showed 

that certain ecridine derivatives had powerful antimalarial 

properties, end "mepr.crine" (XV) was one of the most 

effective. The d[- and _!- forms of this drug have been 

obtained (fir) and show cimilar antimalarial end pharmacol­ 

ogical pron^rtles (65).

Sorr.e other derivatives of quinoline (64), prepared 

first in Germany have bsen found to be more effective both 

in avi&n and human malaria than any known derivatives of 

quinoline, and one, "chloro-uiae" (XVI) hss very similar 

biological properties to mepacrine. It hfcis the advantage 

of being colourless.

Cl~

XV. XVI.

Many theories have been put forward to explain the 

action of antimalariel drugs, but none are satisfactory. 

J-'afi'idson et el. (65) consider that the basic sidechain of 

mepscrlne helps the drug to penetrate the cell wall, is 

split off inside, and thst the residue! demethylated acrldone 

is the active pl&smodlcidal agent. Mepacrine is largely 

metabolised in the body, srid Hammick and Mason (66) have 

shorcn that the corresponding 5-aKino;.:cridine is one of the
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products.

Oaatarlln (67) has suggested interference with a 

riboflavlna enzyme system involved in oxidation-reduction 

processes, as both aoridine and plasmoquin can be reduced 

to dihydro forms* This ia further discussed in Part II 

of this thesis.

Schonhofer (68) postulated that the antimalarlal 

activity of mepacrln was dua to the possibility of 

tautomeriam of the type shown below, and it was with the 

help of this idea that "paludrlne" was discovered*

Curd, Davey and Rose (summary, 69) decided to 

investigate the antimalarlal properties of some pyrlmidlnea. 

as this ring syatem had considerable biological importance. 

They found that, of many compounds investigated, the 

2-p_-chlorrjanilino-pyrimidines were active, e.g. 2666 

(XVII), and that the attachment of a benzene ring to 

either nuclei did not remove the activity. A number of 

tautomerio possibilities were discerned in S666, and it 

was thought that the activity might be connected with the 

linking of a £-chloroanilino group to the aminoalkyl 

group through a pyrimidine containing a prototropic system* 

On this hypothesis a gusnidinopyrimidine ( XVIII), 5349,
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was aynthesised and was even more active against F. 

In the chic!:.

XVIII.

As only those isotners of 2666 which had protropically 

independent amidlne systems showed antitnalarial aotivityt 

the necessity for the pyrimldine ring In 3349 was doubted 

and consequently XIX (R « NH CHgCHgNB*^ was synthesised, 

but was devoid of activity. Substitution of the less basic 

diethylanlne for p-diethylaminoethyltimina in the synthesis

led to a highly active material (XIX, R = N£lg), and farther
n 

investigation showed that the R -jtgojpropyloiguanidlne,

"paludrine" (XIX, R « RRJ^-Pr) was the most potent antimalarial 

in this series.

NH

XIX.

The methods of testing drugs for antlraalarlal activity 

hava been rsinvestigutsd (69) and improved, but the great 

specificity of antimalarial action has ceused much anxiety. 

Many drugs active ugainst bird velaria are inactive when
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tested clinically, and aome drugs act only on certain of the 

bird pqraett**. 3349 (XVIII), a development of 2666(mif 

aotive against JP. galllnaeeum and P. lopfrurae in ohlclce, "but
•

inactive in human nralaria) is more active against £. gallinaeeumi 

ie active against .£» ffi^cJLpapnm, £. oval.e. and P. y^ys^c in man,

"but la inactiv* agalnet £  lophnyso in chioka. Anothar
5 5 xaiaple is N -mathyl-H -Jtsopropyl-^-chlorophanyltlguanidlna,

4430(XIX, R * NMe JL-Fr ) which ie active against all types 

of human and "bird maleric except £. cethemerium in canariaa* 

while i oltidrlne is active against thle infection too. 

More detailed specific it lee are shown by psludrlne, and the 

very similar compound 4430. Peludrine ia en active 

prophylactic against all forma of bird malaria, and partially 

at le-uaft sgalnot tht various typee of humsn malaria. 4430* 

in contrast, acts ss a prophylactic only in the case of jg» 

gall_lnaoeu(m (70). P. galllngceuiB did not ajgaire resistance 

to mepacrlne, oulnlne, sulphadlazlne or .T-349 after S^ years 

of intensive treatment* "but enquired psludrlne resistance after 

3-4 months. This was transmissible through Aedea Aegypti f 

and the resistance was probably due to a mutant strain. 

A paludrine resistant strain was also resistant to the action 

of analagoue biguanidines (including 4430) indicating a 

eimllar mode of aotiont but was not resistant to the action 

of quinine* me? acrlne, sulphadlazine* ?666 or 3349 (71).

It is clear therefore* that a drug active in bird maleria
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and Inactive In human malaria will be discovered, "but if the 

reverse is true it will be missed. This disadvantage is 

reduced by using many types of experimental plasmodin in 

their appropriate hosts for preliminary testing, but cannot 

be removed. Cultivation of malaria parasites in vitro is 

difficult. Preliminary testing on these cultures may result 

in active antimalarials remaining undiscovered as the effect 

of the host on the drug is eliminated.

The life cycle of the malaria parasite proceeds through 

two types of host, the mosquito, and birds and mammals, end 

in d la grama tic form is shown below.

Malaria Cycle.

ii). Primary exo- ill). Parasites
1). Srorozoite.' -* erythrocytic  "* in red blood

(injected by form. corpuscles.

Development of . v), Gametocyte, ^_ iv). Secondary 
gynetocyto to %       (Ingested by *"""* exoerythrocytic 
sporozoites in the mos.ulto). form. 
mos ;uito.

Stage "il", the primary exoeljifchrocytic form, is aatured 

to exist in all types of malarlw. It hao been demonstrated 

in the avian variety, and recently in J_. cynomol^i in 

monkeys, where it concentrates in the liver (7£). Paludririe
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(73) and mepaorine, are also largely concentrated In this 

organ. The only drug known to attack this stage of the 

life cycle in man is paludrlne, which acts as a causal 

prophylactic with £. faloiparum. and a partial prophylactic 

with P. yivax. Asexual reproduction of the parasites in 

the red blood corpuscles* followed by their disruption owing 

to the production of a haemolytic substance (74) by the 

parasite, causes the clinical symptoms, and this stage of the 

life cycle is attacked by paludrlne (and other biguanidines), 

quinine and me;acrine. The secondary exoerythrocytic form 

is also attacked by psludririe and to some extent by plasmoquin, 

but not by the other antimalarlals* The gametocytes, 

destroyed by piasmoquin still persist in the presence of 

paludrlne, but do not develop in the stomach of the ingesting 

mosquito if the blood of the bitten host contains this drug.

Complete cures of P. falciparuin infections en be 

achieved by one nontoxlc dose of paludrine. j_. vivax is 

much more resistant however, but the relapse r: tg of treated 

Patients Is much reduced if plasmoquin is used in conjunction 

with the psludrine.

Some suggestions concerning the mode of action of 

pulucirine h ve been made, and these are discusser! in po/it" I 

of this thesis.

The completely different biological action of paludrlne 

to its precursor, 3349, and the very sir. liar bi^u^nioine 4450,
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indicates that the discovery of this very important drug was 

fortuitous* though very well deserved. It is undoubtedly 

the best single druLl used in malaria therapy, and further 

ollnical results, especially in conjunction with "pentsquine" 

are awaited with interest.

In the future, as in the past, it seems that the search 

for antlmalarial drugs will continue on an empirical basis, 

as so little is known about the metabolic processes of the 

parasites. Some investigations into the nature of the 

enzyme systems in the parasites lu.ve been carried out (75) 

but the results have not suggested the examination of any 

more materials for antimalarial activity*



Part I. Some synthetic B^u&^ldine derivative!.

The mode of action of paludrlne on the ia.,1 uial parasite 

ifl clearly different f'roa that of any other an t i in "1 trial. 

It does not appear to be due to interference with a ribo­ 

flavine eazyme system because the effect of paludrlne on 

k" o*gei r unlike t.<at of : >.«. .crine, quinine, ,2666, and 3349, 

is not reversed by the adlltion of riboflavine.

Curd and Rose (76) have su^ eeled that t.ie :-ntipla8;aodial 

action of ^aludrine is due to its interference s?ith another 

growth factor requ'red by the ..-as,!.--rial .,-ir.s.ite, «n3 st..te 

that tii^s :-:2,y be a M^h3.y srocific ,.-orphyrin. (It ie coinci "Untal 

that one et&ge of the organisms life cycle takes place within 

the red blood oorpuecle). The evidence for this if the formation 

of a copper salt L/y paludrine containing1 one .-.ton of copper 

to two noleculsF of the bi^uanidine. Assuming a pi air 

 Jtjr-ucture the model of t,;>ie oo   pound (XIX) is rer: r> ibly like 

tli it of a ix>rphyrin (XX). Cuixi and ilose point out t'.-i^t copper, 

oij a metal, may not be iaplicated, but that hydrogen bonding 

may stabilise the porphyr-ln-like system. Tlie.re IB no evidence 

however for dl;aer' p.ation in trie free

H a *»

XIX. XX. XXI.
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Hawking (77) has shown that paludrlne Itself has no action 

on i," vitro malaria cultures, but that the eerum of patients 

treated with the drug is highly active. Pharmacological 

studies (73) show that paludrlne ie largely metabolised In the 

host, supporting the implication >f Hawlings work that the 

antlmalariai activity is due to a metabolite produced from 

paludrlne in the body of the host.

XXII.

There ie no evidence as to the nature of this compound, 

and it was thought that it might possibly be of the quinazoline

type (XXII) due to the Interaction of an aminoacid or sugar
 » 

residue with the N at|om and the benzene ring of paludrine.

Some preliminary experiments on the synthesis of qulnazolines, 

with the proposed preparation of XXV, (R = Cl),fo< biological 

testing, were carried out, but the project was dropped at an 

early stage.

The proposed scheme of synthesis was as follows (R » H, or 

01) :-



XXV.

and preliminary experiments were carried out using anthranilic 

acid and dicyandlamlde. These compounds reacted to give a 

product stated to be XXIV (78). The alternative structure* 

XXIII seemed as likely and the substance c ivee a colourless 

solution in alkali. Attempts were therefore made to 

syntheslse XXIII by an unambiguous route from 2-thio-4- 

hydroxyquinazoline.

A small yield of a high melting compound was obtained 

when anthranilic acid and thio-urea were heated together 

(c.f. 79). It analysed for C-.gH,_ON,S Instead of the hoped 

for quinezoline and was not further investigated.

Another route was now tried and methyl anthranilate 

hydrochloride condensed with potassium thlocyanate to give 

N»(8"Carbomethoxyphenyl)»thlourea , which lost methanol 

when heated above its melting point giving the qulnazoline 

(c.f. 80).
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Treatment with methyl sulphate and alkali gave 

2-methylthlo-4-hydroxyqulnazoline, but though it condense 8 

with aniline to give £-phenylamino-4-hydroxy quins zoline (81) 

nothing homogeneous could be isolated from its reaotion with 

guanidlne.

Large volumes of hydrogen chloride were evolved when the 

hydrochloride of the anthranilic acid-dicyandlamide condensate 

was refluxed with phosphorous oxychloride, but the resulting 

chlorinated compound could not be characterived or isolated 

in a pure state. It reacted slowly with boiling diethylamine 

but nothing homogeneous could be isolated from the resulting 

mixture.

o

Paludrine XXVI,

The relationship of paludrine to other possible growth 

ractors re uired by the malaria parasite will now be considered. 

One biologically active material to which it is related is 

benzlmlnazole. The exact analogue of paludrine in this series 

is XXVI and the two compounds are very similar. The form­ 

ulation of XXVI from paludrine requires no rearrangement but 

only the loss of two hydrogen atoms and ring closure. 

Woolley has shown (82) that the growth of L. caeei, inhibited 

by benziminazole, is restored by the addition of guanine or
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adenlne, so it was thought that paludrine might be acting 

through Interference with a purlne enzyme system. This 

bensiminazole analogue of paludrine (XXVI), if dircerlsed 

(c. f. XXI) gives a compound even more like a porphyrln than 

the suggested paludrine dimer, and might also be a possible 

Intermediate in the metabolism of paludrine. The synthesis 

of some 2-gtianidinobenzimlnazoles, including XXVI, for 

biological examination therefore seemed well worth while and 

was immediately undertaken.

XXVII,

2-Quanldinobenziminazole (XXVII, R»R t eR"«sH) was first 

prepared by ^iegelbauer (83) from dicyandiamida and 

jj-phenylened iamlne dihydrochloricte in ethanol at 105°, 

although he assigned structure XXIX (R*R'aH) to the product. 

This was later corrected bj/ Pellizzari (84) who also (85) 

improved the method of preparation by refluxing the reactante in 

boiling water. Reinvestigation has shown that a considerable 

reduction in reaction time is possible and better yields are 

obtained by using more concentrated solutions. The product 

was identified by means of the nitrate and picrate, and the 

other six compounds of type XXVII (R "=H), similarly prepared
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from the substituted diamines, were characterised as their 

picrates. mono- and di-hydrochloridee (.see table p. 31 ).

The intermediates required, apart from the diaminee, for 

the preparation of H -sIkylsted-S-guanidlnobenzlmlnafcoles are 

clearly the monoalkylsted dlcyandiamides, but as far as could 

be ascertained none had been described in the literature* 

Sodium dicyaniroide, was known to react with two molecules of

alkylamine hydrochloride to give biguanidines (86), so attempts
i

were made to obtain the dicyandiamides by using one equiv­ 

alent of amine hydrochlorj.de. Nothing could be isolated from 

the attempted condensation of sodium dicyanlmide and isopropyl- 

Mirine hydrochloride in the presence of aqueous copper sulphate 

(c.f. 87) but a small yield of dicyandiair.ide was obtained by 

condensing sodium dicyanimide with ammonium chloride in 

boiling n-butenol. Similar condensations with isopropylamine 

and n-butylamine hydrochlorides gave good yields of Isopropyl- 

and n-butyldicyandlamides, which ^ere obtained as glassy 

solids, the ij^gpropyl derivative ultimately crystallising. 

(After the completion of this work the latter compound was 

prepared by May from isopropyl-isothiocyaHute and reported 

as a glass, 88). It reacted vigorously with acetic 

anhydride giving a solid, which by analogy with the compound 

similarly prepared from dicyandiainide (89) is believed to be 

S-isonropylamino-4-methyl-£5-hydroxytr lazing.
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Prom 1 s op ropy Id icy and i amide and the appropriate 2- 

phenylene- dlamine dihydrochlorldes in aqueous solution the 

correspond Ing N -isopropyl-g-guanidinobenglmlnagoles were 

obtained. The hydroohloridas uanally failed to separate on 

cooling, and the free bases, liberated by alkali, generally 

failed to crystallise at this stage, remaining as yellow gums.. 

Purification through the copper derivatives, as in the palud- 

rlne series (87) was achieved with N - i sopr opy 1- g-ffuanid ino-

ben^lminazole ( XXVII, R = R f = H, R" » i-Fr), and its 5-chloro 

derivative (XXVI), and the benzlminazole^ were finally Isolated 

as their highly crystalline dihydrochlorides.

Purification through the pic rates was much better than 

via the copper derivatives, and the 5-methoxybenziminazole 

(XKVII, R * OMe, R' * H, R" * I-Pr) was isolated from the 

reaction mixture as the pic rate which decomposed with aqueous 

hydrochloric acid. The 5: 6-dimethoyybenzlfninazole picrate 

(XXVII R = K* » OMe, R" * JL-Pr) was not affected by this treat­ 

ment owing to ite insolubility, but the addition of ether to 

its solution in hot £-ethoxyethanol in the presence of excess 

propanolic hydrogen chloride caused a .uantitstive preciplt- 

itlon of the dihydrochloride. This ?/as undoubtedly the

best method examined for the purification of the benzimin-
5

szoles, and N -n-butyl-2->manidino-5;6~dimethoxy- ( XXVII,

R = R 1 B OMe, R" = n-Bu), H -isopropyl-g-guanidino-S-methyl- 

(XXVII, R * Me, R 1 * H, R" = !-Pr), 5-chloro- (XXVI), and 

5:6-dichloro-
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fcenziminazoles( XXVII, HsR f «Cl, R"*i-Pr) were similarly 

purified and Isolated as their dihydrochloridee« which were 

all colourless crystalline materials.

Attempts to syntheslse the bonslmlna roles in the reverse 

direction were also made. It was hoped to obtain 2-cyansmlno 

benzlmlnazole ( XXVIII) from o-phenylenediamlne and dlcyanimide, 

but an addition product f discussed later, was formed.

XXVIII.

2-Oyanartinobenziminazole (XXVIII) was however obtained from 

2-guanldinobenzirainazole by the action of nitrous acid (85), 

but could not be induced to combine with 1 sop ropy la mine 

(experiments by P.d. Spensiy).

The benziminazole- were tested for antimalarial activity 

againet either JP. gall inac eum in chicks; or jp. relic turn in 

canaries, (see table, p.3| ). None were appreciably more 

toxic than paludrine, but at the maximum tolerated doses only 

two, 2-guanidlno-5:6-diohlorobenzimina;sole (XXVII, RsR'aGl, 

R'VH) and its N5-isopropyl derivative ( XXVII, -fBR'aJl, 

R"=.i-lr), showed even slight activity.

The absence or activity is particularly interesting in 

the case of N -^sopropyl-rr-guanldino-b-chlorobanslminazole
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(XXVI) which has the close resemblance to paludrine. Both 

structures have the some capacity for tautorrerism 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) la 

that it cannot be the active metabolite of psludrine 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 may also be considered to 

support Hawkings work in that they may be too condensed in 

structure to undergo the .in vivo chemical change re juired to 

give the active compound.

The new amine obtained from boiling aqueous dicyanimide 

and jo-phenylenediamlne was isolated as the nitrate. It was 

further characterised as the pierate, and the free base, a 

brown powder, tenaciously retained water. Analytical results 

showed the amine to be an addition product of the reactants, 

isomeric with £-guanidinohenziminazole. It slowly lost 

ammonia with hot 50% aqueous sodium hydroxide and was de­ 

composed by hot concentrated hydrochloric acid. nothing, 

homogeneous could be isolated from these reactions. The 

amine failed to react with nitrous acid, unlike 2-guanidino- 

benziminazole, so the only likely structure for It is XXIX
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2t 4-»diamino-lr 3-;£-triazabenzeplne, 

r-*v
n-t«

Peludrine. XXIX.

The formation of a 7-membered ring from o-phenylenediamine 

also takes place with ethyl malonate (90) and aoetylacetone 

(91).

No compounds of this oenzepine type, cyclic biguanicflnes, 

have hitherto been described, and in view of the chemothera- 

peuticel importance of biguynidinee it was decided to prepare 

a series for biological testing. The 7-ohloro-derivative 

(XXIX, R»C1, R'«H), prepared from 4-chloro-o-phenylenediaTrine 

as before, was isolated as the picrate and converted to the 

hydreted hetnisulphate by the method used with the alkylated 

guanldinobenziminazoleB.

An extension to the l-alkylbenzepines was contemplated 

end it was found that N-methy 1-jo-pheriylenediunine reacted 

with dicyanimide, as before, to give the benzepine (X<IX, 

R* H, R*^Me) isolate as the dipioratq. 1-Methyl-S- 

guanldinobenaiKiin*z.ole, obtained from the same divine and 

dicyandl^mide forced a monopicrate under the sanni conditions. 

The l-methylb9n7,epine sulphate failed to rewct with nitrons 

HQ!&, confirming its structure. The synthesis of 1-ethyl- 

and l-i80T3ror>yl~B~ohloro-r; 4~diamine-l: 3*. S-triaza-b^nzepine
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sulphates (XXIX H^Gl, R'* rtit and J.-Pr respectively) was 

achlevea from .the appropriate dlamines by the same route; 

the latter compound le of interest in being a possible active 

metabolite of paludrine. It has however, a "blocked 11 amidine 

system, and the results of antimalarial testa are awaited 

(see table p 32. ). None of the benzeplnee showed any 

activity against £. ouraua or ]3, coll broth cultures.

The dlamines required for the preparation of the last 

two banzepines were obtained by catalytic reduction of 

JJ-nitro-b-chloro-N-ethyl, and N-isopropy1-anllines, syntheslsed 

from 2:4-dlchloronitrob9nzene and the amines at 200  
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Biological Tests on the g-guanidlnobenzinlnazoles.
Am

H

The ring else in mm., produced toy the drug at a concentration 

of 1 mg./ml. when tested against broth cultures of 3. coll 

(column A), £, aureus (column B) and .S. aureus diluted

1:1,

the

s.
H
Me

* MeO
* Cl

V.e
MeO
Cl
H
Me
MeO
Cl
Me
MeO
Cl
MeO

000
• ~ *M» ••

(column O, is :

ant ima la rial testinj

T?' »

H
H
H
H
Me
MeO
01
H
H
H
H
Me
MeO
Cl
MeO

R".

H
H
H
H
H
H
H
i-Pr
T-Pr
T-Pr
T-Pr
T-Pr
T-rr
T-Ir
n-Bu

Salt.

2H01
2HC1
2HC1
2H01
HC1. l^Hj
HOl.HpO
HCl.HgO
2HC1
2HC1
fcHCl
2HC1
HCl.H.,0
2HJ1
2HC1
2HC1

A.. B. £. Tested >-•• gainst; Activity

- tr^ce

IS £5
- trace 13

- - 10
- trace -

T. gallinaceum,
V. rellotum.
F. galllnaceuTn.
P. gallinac ?ur,
?  relicturn.
P. relicturn.
P. relictum. 
Not tested.
I. rellctum,
P. gallinaoaum.
I. galllnaC'suiT..
I I , rellctuin,
r. relic tun;.
i, relictum,
I'» relictunu

Nil. 
Nil. 
Nil.
Nil. 
Nil.
Nil.
Slight

Nil. 
Nil. 
Nil. 
Nil. 

' Nil.

Nil.

Prepared by P.O. Spensley, according to the method used 
for the unsubstituted derivative (XX.V11, R«K'*R"eH).



Teats on the Ben••;-.-*.;ino a.

IN Hi

£• £'• Salt.

H

H 
Gl
Cl

Tested >i :< *ir.8t; Activity.

.^H
H 
H 
Me
at H;SO;.H^l-pr -*—*

2,0 true 3.
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Part II, AlloxsEinee end isoAlloxazines.

Some preliminary experiments on this subject were 

carried out by A.B, Yorke-tong (Part II thesis, Oxford 

University, June 194b). An independent investigation and 

extension of his work showed that m-st of it was misleading, 

and none of the results reported here are due to him,

Rlboflavine is a growth factor of great importance and 

is a constituent of at least two coenzyme? Involved In 

carbohydrate and amino icid metabolism. Many very similar 

compounds have been prepared and examined for vitamin, and 

antagonistic activity. Riboflavine activity has been found 

in at least five iso&lloxazines (99), but most of the 

compounds examined have been Inactive, or weakly antagonistic 

towards the vitamin. 6;7-DiGhloro-9-d-ribityl-isoalloxssine 

is however a powerful antagonist (100), and antagonises the 

growth of organisms both independent of and dependent on 

preformed riboflavine. The oxidation potential of this 

compound (Bg * -0.095v, pH «= 7) differs considerably from 

thst of riboflsvlne (EQ = -0.185v, pH » 7) and this may be 

the causs of the &nt agon inn. -''oolley (101) has also 

shown that the growth inhibitory action of u dlamino- 

dihydrophena zine derivative, stated to be XXX, on certain 

organisms is reversed by riboflrivine. There is not 

sufficient evidence in his paper to assign this structure 

to the phenaisine which It* synthesised by an ambiguous route
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and structure XXXI is not excluded.

XXX.

Oesterlin (67) suggested that the antimalarial action 

of mepacrln was dtte to Its interference with e riboflavlna 

ensym* system. As it is impossible to alter appreciably 

the riboflavine concentration in the body of the host, the 

action of various drugs on £. caaei. which re juires 

riboflavine for normal growth, was examined (76 and 102). 

The growth inhibitory effect of mepacrin, propamidine, 

^ulnine, methylene blue, 2666 and 3349 was reversed by the 

addition of riboflavine, but the action of other bacteriocidal 

ogenta was not affected. This led to the preparation of a 

series of basically substituted isoalloyarinss (x<KU) with 

the a.ialkylominoalkyl groups of current antimalari^ls in 

r^aition ^>, and various substltuents, e.g. R, R', * H, 01, 

OMe, *'e, in the benzene rin-j, by the author with

Prof. P. a. King (103), and others (104), but the compounds 

prepared had no large bact ?riostatic or azititnalarial properties,
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One part of the programme in this laboratory included 

the preparation of some 9-dlethylaminoalkyl-i8oelloxBzlnes 

with amlno groups in the "benzene ring, for biological 

testing.

Some amlnoalloxstsinee had already beon prepared "by 

Piloty (105) from the interaction of m-phenylenediamine 

and violuric acid, or its 1:3-dlrr.ethyl derivative. As 

&:4-diamino-&~dlethylaminopropyl£tniline did not give the 

expected ispalloxaaine with alloxan under the usual 

conditions (King and Acheson, 103.) it was decided to try 

and extend Piloty1 s synthesis to the ispa11examine series.

The formation of an alloxazine from m-phenylenediamine 

(XXXIII R*NHa) and violuric acid requires an active position 

in the "benzene ring qrthp- to an amlno group. Three such 

positions^ two of which are equivalent, exist in this amine, 

and the product can "be either the 5 (XXXIV) or the 7-amino- 

alloxazlne (XXXV). Piloty however suggested that the 

7-amlno compound was formed.

XXvIII. XXXIV. XXXV.

Ganap^thi (106) while attempting to prove this, condensed 

1:2:4-triaminobanzene with alloxan and obtained an amino- 

, probably a mixture of the 6- and 7-iaomers,
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whloh he comp.-.red. with the compound obtolrioo by flloty's 

roathod, Both materials were very sparingly soluble 

solids with high decomposition "olnts, which rendered 

their comparison Inconclusive.

The 7-; ndno structure for Pilot,/ '& comprund is nov, 

confir-red "by uualogy with the results of the following

5~Din«thylBmlno-g~di9th./lainlnoethylLnilin<3 (XX;..VI, R = H) 

reacted with violuric ;:oid in hot aqueous alcoholic solution 

to give 7-dinethylHmino-3- (£-d iethy IB minoethyl ) -1 son 1 Io x ? z ine 

(XXXVII), which separated r,« the violurate tetrahydrate. 

This compound lost moat (Z^ f^ol. ) of its water &t 180 , 

the reniairider ot 160 in v«cuo, and gave a erystflllins 

te with iqueous eodium picrate. The constitution

of the JUxv-'lloxHzine was proved by a synthesis from

r-;,nino-5-dimethylniT!ino-^-dioth;lamlnocthylrn1. line (X V'"VI,

I? e NHg) end alloxtn in boric-noetic acid solution, which

c -^n only give the 7-dimethylarnino derivative. The

complete identity of both products was established by a

comparison of the violurate and picrate from both syntheses.

In contrast to the high solubility of other 9-d i alky laminoa Iky 1-

isoalloxbzines in water (Kipnis et al. , 104), the carmine

7-dimethylamino-9~((5~di^ethylaminoethyl)-i80alloxazine

free base is only slightly soluble, but dissolves easily in
•

dilute sodium hydroxide or acetic acid.
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XXXVI. XXXVII.

3-Dimethyl»mino-p-diethylajnlnoethylaniline, character­ 

ised as the mono- and djL-jgicjrate^, was prepared from 

5-d i me t hy lamino-p-t oluene eulphonan i 1 i d e by alkylatlon with 

P-chlorethyldiethylamine, the resulting oily sulphonamide 

bing hydrolysed by diluted sulphuric acid. The tetraamine 

used in the alloxan synthesis was the reduction product of 

g-nitro-S-dimethylamino-fi-diethyl^minoethylaniline* obt 9 ined 

by heating ^-diethylaminoethyltunirie with 3: i-dinitro- 

dimethylanlline, the labile 3-nitro group being displaced 

(c.f. 107). The preparation of the latter compound from 

3-nitrodimethylaniline using nitrous acid (Hodgson and 

Smith* 108) was found to be unsatisfactory and gave a 

mixture of products* Direct nitration, mentioned by 

these authors and used earlier (10j), gave much better 

resultn.

The use of a secondfc»y-tertiary a nine in the Piloty 

synthesis admits only of the formation of nn .Iso^lloxasine. 

If however a meto-f rimary- secondary omine, e.g. o-^mino-N- 

methylaniline, is used in the condensation, ?,nd this 

proceeds through the 6- position of the benzene ring as
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before, th<? produot r^y thon be an alloxe^lne (XXXVIIJ, 

R » We), and/or an isonlloxayine (XX^IX, R * Me).

&
RNR^

H

0
XXXVIII. XXXIX.

The product from this condensation, a mlcrocrystalling 

red-brown powder^ WBB first thought to be homogeneous. 

It was hoped to determine its structure by a comparison 

of its ultra-violet absorption spectrum with the spectre 

of reference compounds of definite structure. For this 

reason the orange-red 7-g:imethylarninofllloxazin<8 (XL) was 
eynthesieed from 3-aminodimethylonlline and vloluric acid, 

tmd the corresponding 7-dimethylaminO"-9-methyl-isQ8lloxszine 

(XLI), u carmine crystalline material,was similarly 

prepared from S-methylamAno-fJ-dlrnethyls'niline. This was 

prepared from 3-dimethyl?i fr lno~p-toluenesulphoj:i^iiilirie by 

and hydrolysis.

XLI.

The absorption spectra of these two compounds, the 

hlloxojjine (XL, p."i1 , curve 1), and the iaoalloxazine 

(Xtl, p. "il , curve 2), are similar, but there is an
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observable difference over th^ v/hole rwrvjc ex-mined, 

The absorption curve for the Z-b^inonethyltmlllne - vlolurlc 

acid coridensate (p^S , curve 3) y/as found to lie between 

those of the reference compounds, and it was clear that the 

substance was heterogeneous. Repeated extraction of this 

red-brown condensate with dilute hydrochloric acid, which 

was designed to remove the rore basic JJ-sgHlloxaslne, left 

an orange-red solid whose absorption (p. 3<* , curve 4) 

approximated closely to that of the ailoxazine. The change 

in colour on acid extraction is significant in view of the 

different colours of the reference compounds.

The absorption spectra of ^-dimethylarrino-9-methyl- 

isosiloxazirie differed considerably from those of ribofl^vine 

and some 9-difrIkylsmlnoalkyl-ispalloyszlnes (ndams et al.., 

104). The whole curve was shifted to the lower frequency 

end of the spectrum as might be expected from the intro­ 

duction of >n amino group, but the maxima, present in
o 

rlboflavine and In nd&ms's compounds at c.3500 A had

vanished.

Further proof that the material In question was a 

mixture was provided by the action of nitrous scid. 

Diazotisation in sulphuric acid solution gave the sparingly 

soluble 7-fN-nltrosotnethylamlno)-allox83ine. which V.T.G 

collected, and >* yolutlon of 9-methyl-lsoalloxazlne-7- 

di^sonium sulphate. This coupled wii,h alkaline p -nophthol 

to give a deep olive green azo-dye. Diazotisatlon of
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7-airinoalloxszlne under the same conditions gave a clear 

solution, and a larger yield of » similarly coloured azo/-£- 

naphthol derivative. Assuming that the yields In the 

formation and coupling of the two diazonlum sulphates are 

V'?out the same, It la clear that the r--itio of a Ilexes ins to 

laoalloxavjne in the material Is about 40:60. 

Prom tha action of violurlc acid on ::--jpino-p-<!lethylamlno- 

ethylanlllne, which was prepared from a-

(ft-dlethylPiElnoethyl)-anlllde by hydrolysis and reduction of 

the resulting nltroamine, « crystalline vlolu.ru te was 

Isolated. This may have contained elloxazine and/ or 

laoBlloxBzlne, Taut its constitution was not further Invest­ 

igated.

The higher proportion of iBoalloxazlne in the mixed 

product of the diamine - vloluric acid condensation is to 

be expected from the probable course of the reaction, I.e., 

preliminary addition nt the 4- or 6-carbonyl of the 

pyrlmidine followed by rlngclosure between the loonltroso 

group and the activated 6-posltlon in the benaene ring. 

Vith amino groups of different basicities, e.g. NHg and 

NHMe, reaction with thes more basic centre, IIH?'^, *ould 

predominate, leading to a larger proportion of lsoalloxa:;lne. 

Condensation of the laonltroeo group with «n iictlv«abed 

position in the .rom>-.tic nuclous ic very improbable, since 

the intermediate would be analogous to the so-called Kuhling 

products obtained when the condensation of jo.-diamines with
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ie carried out in tho :L&oiiCu of ucid, aad these 

-* z*o known to bQ extremely resistant to cycllsation (110).

Attempts have been n.^ds, "by Oanapathi (106), to 

extend the Piloty synthesis to other in- sub ati tut ad anillnee, 

fcut without Buncoes, from which ho o mclud^o th>.t the 

m-amino group is specific for thin reaction. It ia 

evident, hnwaver, that the decree of uctivation in the 

arondtlc nucleus is the important factor, since from 

4-aminoveratrol and violuric acid, in acetic acid solution, 

it has been possible to synthesis®, though not in a 

spectroscopic^lly pure condition, 6;7-dimethoxys11oxazinea 

The use of water as a solvent ^ave a product centsinlng 

only c. 9% ot the alloxazine, whose constitution was 

proved by -n independent synthesis from 4:5-diarrinoverstrol 

and alloxan.

7-Dirnathylamino-9-(f-diethylarr-inoethylJ-lrr^-Tlloxa^ine 

hydrochlorlde (1 mg./ml.), 7~3irr.ethylarnino~ft-methyl-i6O- 

iilloxazine and 7-dimethylaminoalloys^ine (tstnr>;ted aqueous 

alcoholic solutions) showed no activity vrheri tested againat 

B. coli and ji. aureue broth cultures. The results of 

antimslarlsl testing -re ^wsited.



Payt III.

Most of the publlehad mat hods for tha ayntheeia of 

benaiminazolea require f*lrljr vigorous conditione, under 

which let 11* groups, auoh as pep tide linkages, would be 

decomposed* Tha projected synthesis of some conpounda

with this type of substitueat (sea *fHf*^n .4) necessitated"' » 
a mild reaction for the building up of the benziminazole

nucleus, otherwise this p&rt of the molecule would have to 

be synthesized firut.

The reaction of iiuinoethsr hydrochloridea and athylena 

dir.f-.lue to give imiuaaolinea (113) takea place under mild 

conditions, and its extension to the btuuiicdnuzole aeries 

*ae coateitplated*
v

Wheeler (114) obtained 2-phenylbenziod.nazole and the

correspouding beuzoxazole ftovm benzlminomethylethar by
\^ 

heating with .g-phenylenediumine or ^-aoiinophenol without

a solvent, and reported that little, if any, reaction took 

place in the cold. 'So yields ari specified. Tha 

formation of S-phanylbenzirriiriazole "by this method is not 

recorded in "Eell^tein", ana the nethod A^S rediscovered

"oy the author. v vt'healerb obs JTV; tlon has been confirmed by 

u as logy as r-heuyl 'Cetii iaoniethylether did not appear to 

react with .o-ph^nylcriedia.'r.ins in coiling cietlic-nol, but tha

yfldltlon of a cr/ftt.1 of iMiuouU.or liyuroohloride caused
s, .
B alow evolution of aifi-'ionia v.'it.- i tliu pro;.,!.icti->a >f some
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benziminazole. A mixture of the free imlnoether and the

die mine began to evolve atnmr-nia at 118 , rapidly at about
0 ISO , giving a 38? yield of the benzlmlnessole. The

Imlnoether hyditmhlorlde In methanol, however, reacted 

vigoreuely with oold methanolic solutions of jj~ph.enylenedi- 

aroine and Ita N-methyl derivative, to give good yields of 

2-benjsyl-, and l-mathy[l~e~benzylbenzlmiU8zol1?. and the 

reaction has been applied to the synthesis of other 

benziminaisolee* The yield of 2-benzylfoenzimlriazole was 

nearly ae good when jj-phenylenediamine hydrochloride 

replaced the amlne In the reaction, but the use of the 

dlhydroohloride reduced the yield by about 5C/.. PhenyV- 

iacetiminothiobenzylether hydrochloride also gave good 

yielda of the benzimlnazoles with both dlamines, but the 

use of ̂ -phenylenediamine dlhyorochlorlde again gave a 

reduced yield.

This result follows if the first at«ge in the reaction 

is the attack of the iminoether cation on the aromatic 

clamina* If oue e^iiv^l'mt of acid is present there will 

still b'J oue uncharged virino ^roup jvaiiabis for the 

condensation* M second e : uivalent oi acid ^ives both 

aromatic amino g"our.a positive charges, wnich vill repel 

the approach of the iminoether cttioa, end so hinder 

reaction* Vha complex (XJL1I) proauced by this reaction 

is then assuiaecl to lose ammonium chloride (bohmidt, 116)



to give a Bubatltuted 1*1 no ether (JLIII), which can then 
react Intramolocularly, losing methanol or benzyl thlol, 
to 6lv* the benzlralnazole. The alternative mechaniss, 
loss of methanol or thlol follewed by rlngolosure of the 
resulting emldlne, la less likely, as the Scheldt reaction 
le usually much faster than aaldlne formation.

R - OMe, or SOHaGgRc. XLIII,

£-A«lnophcnol also reacted easily with acetlmlnonethyl- 
ether, and aeetlmlnothlobenxylether hydrochlorldee to give 
2-methylbenzoxasole, characterised aajthe plcrate* In view 
of these two experiments the observation of Drozov and 
Bekhll (H7) that palnitlmlnoeth/lelaier hydi-ochloride reacted•v -

with 2-hydroxy3-plperldlno-a*ProPylasBlne to Slve an Imlnazollne 
le unlikely* the compound was Isolated from the reaction as 
the dlplcrate, and analytical results were poor. It is 
provisionally regarded as 2-pentadecyl-5-(N-plperidlnosiethyl)- 
oxazollne dipierate*

The structural similarity of the benzlmlnasole nucleus
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to that of pl^epwquin »n<? of the pirlne ring systems 

etiggeetwS that the a^mtheels ef some benwlmlnazalee fop 

bacterlo«t»tlc snd antlmslsrial testing ml#ht "be worth while.

* rvo

Bea z imlna sole. PXaBmouin.

borne compound a in this aarieet containing dlalJcylamlno* 

allcyl groups, vitn olkyl arid alfcoxyl subetituents, had 

already bean prepared, but ware all devoid of antimalarial 

activity (suiwaary, 115). None of the compounds described 

and tested contained chlorine as a eubstituent. This was 

surprising in view of its great importance in other 

antimalarials, and the preparation of some ehlorobenzimin- 

azolea waa undertaken.

bengiminaaole (Xi.IV, H * H, B 1 = 01, and :i B Cl, R 1 * H 

respeotively) were prepared from the appropriate diamines» 

obtuiaoJ from the corresponding 2~aitroanillnes(lQ3 and 

121) by catalytic reduction, and acetic acid in 4N aqueous 

hydrochloric acid (c. f. 118). 5:6-Diohlor6-8-methyl-l- 

f y~diothylamlaopropyl)~banziminazole (XLIV, R'» fi 1 * 01) 

was similarly synthealsed from 2->nitro~4:6-dichloro-JU 

diethylaaiinopropylani^.ina. prepared from 1: fc-dlohloro- 

k;6-dinitroben2ene and JT-diethylHminopropylamine.



None of the benzimlnazoles showed any &etivity 

Ji. supeujs. or JJ. coll, at coneentr^tions of 1 n^ ml. The 

mpnoehloro derivatives (\LIV, w a H, <x' = 01 and K a 01, 

R* = H) wars Insctivo against J_. ^alliuacauni in chicke, and 

the results for the diohloroben^ir; iaa^ole (*.LIV, i: a R 1

* Cl) sre vwaited.

The bensiminezcle buses were pale yellow oils, or low 

melting solido, which formed stable dir-igr^i _g >md 

dIp ic rolpnutee.

Attempts to synthese these benxi^in?;-soles by the 

irinoether method were sstlsfsctory in only one cr.se; the 

6~chlopo-conjpound ( X1LIV, R *= Ci, l? 1 = HJ v.«c obtained in 

^ood yield frorr the di r~ine ^Ji) acetL-r.inothiobsnzylather 

hydr-oo-hloride. -oetlTnino.Tiethyletiisr hydrochloride reacted 

east ly 'ffith 2-.'3::ino-'i-ci'uoro-y-Oletr.yliJi .iaoni-opyl^niiine to

•3iv» an .rriclin^ hy d roc h lor ide alo'ic: ..-ith OT^H /a-.rititiss 

of th3 'c-ari-slTin^^ole (XLIV R s H, R' = Jl) isolated as the 

dlricrate. siniljr results were obtained in the pretence 

of one cddltior;-;.! e,Miv^ent of hydrochloric ;jcid, but in 

the rres^nc? of two equivalents no ben-irrdresole was itoisted.
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The production of a little ammonium chloride in the last 

reaction indicated some hydrolysis, and this was borne out 

by the nitrogen content of the product. The free amldine. 

an oil rapidly blackening in air, was prepared by basifying 

the aqueous hydrochloride, and was further characterised by 

the preparation of mono- and djpicrates. Though the 

melting points of all these derivatives were sharp, the 

nitrogan values were invariably low, but not nearly low 

enough for the corresponding N-acetyl derivatives.

Attempts to aynthesise XLV for comparison purposes 

from 2-nltro-4-chloro-y-diethylaminopropylaniline by 

acetylatlon followed by reduction failed. acetylatlon was 

n-t accomplished even by acetic anhydride in the presence 

of sulphuric acid at 200 , or by the action of acetyl 

chloride on a mixture of the amlne and sodamide in boiling 

xylene.

XLV.

There are two possible structures for this amidine, 

XLVI and XLVII, which is stable to distillation. Analogy 

to the formation of benziminazoles, or otherwise, from 

alkylsted o-aminoacylanilides (119) is hardly juatlfied as 

the emidino group is much more highly stabilised than the
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aoetamido group. The amldine, on refluxing with aeetyl 

chloride, gave the benzlmlnazole (XLIV R • H, R 1 • 01) In 

nearly theoretical yield. Structure XLVII might be 

expected to acetylate on the primary amlno group, while 

XLVI might acetylate either on the amidino group, or on 

the secondary nitrogen atom. The former seems more 

likely, and by clevage of acetamide the benzlmlnazole

coula

M

XLVI. XLVII,

A solution of the amldlne hydrochlorlde In N aqueous 

hydrochloric acid gave a deep cherry red colour with 

nitrous acid. Treatment with dilute sodium hydroxide 

gave a red-brown opalescence which gave back the red 

colour on reaoidification. Alkaline ^-naphthol solution 

gave the same colour with the "dlazotised" solution as 

dilute sodium hydroxide. This suggests the absence 

rather than the presence of a primary amlno group in the 

amidine, whose constitution is provisionally considered 

to be XLVI,

Acetimlnomethylether hydrochloride and 2-amino-4:5-dichloro- 

jr-diethylaminopropylaniline, in the presence of two 

equivalents of hydrochloric acid or otherwise, likewise
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failed to give the benzimlnazole, and the product analysed

for the corresponding amidine.
« 

A partial explanation of these results has been found.

aterie hindrance seem^eliminated because acetiaiinothio- 

benzylether hydroehloride reacts with g-amino-S-chloro-jr- 

diethylaminopropylanlline to give the corresponding 

benziminazole, and the reaction gives benziminazoles with 

simple N-substituted diamines. Assuming that a Schmldt 

reaction takes place between the iminoether and the primary 

amino group of the trismlne, the product will be XLVIII.

XLVIII.

If this is to give the benziminazole (XLIV, R * H, R' * 01) 

intramolecular reaction involving the secondary amino group 

must take place. To obtain the amidine (XLVI) reaction 

must occur between the Iminoether (XLVIII) and ammonium 

chloride in solution. The relative basicity of the 

secondary amino group, depressed by the £-chlorine atom, 

to that of ammonia, is therefore important, and the 

reaction was examined when the chlorine atom was replaced 

by a methoxyl group,

2-Nitro-4-methoxy-^"diethylaminopropylanilihe (103) 

was hydrogenated to the trlamine, and i), converted into
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the benziminazole (XLIV R = H, R 1 = OMe) by the Phillips 

method, for comparative purposes, li)» treated with 

acetiminomethylather hydroohlorlde. From this reaction 

a considerable quantity of benziminazole was isolated as 

the dipicrate.

The effect of £-substitution to the secondary amlno- 

group is thus demonstrated, and it is hoped to investigate 

the reaction with substituted aIkyxated dlamines to 

discover the effect of the Y^diethylaminopropyl sidechain 

on the reaction.

The author is indebted to Dr J.W. Gornforth for sore 

helpful discussion on the Iminoether reaction.
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Part IV. The Synthesis of PteroyIglutamio 

acid and Refrated Compound.e

The main aim of this work was the preparation of some 

compounds designed to antagonise the growth promoting activity 

of pteroylglutamic acid (XLIX, R • H, R* * 1-, WHCH(OOOH) 

CHgCHgCOOH).

A number of compounds with this property hare been 

reported while this work was in progress, and are now 

summarised.

Compound XLIX (S m Me, R 1 « £-, NHGH(COOH)CH2CHgCOOH), 

prepared in a crude state snd not chemically characterised, 

reverslbly antagonised the growth promoting action of 

pteroylglutamic acid on I,, easel, and £, lactis £, and 

caused typical deficiency symptoms when administered to rats 

(123, 124). The bacterlostatlc action of some pterlns (125),
A

N «(2:4-diamlnopterldyl-6-n»thyl)-4-atninoben3oylglutamic acid 

(126), and pteroylaspartic acid (127) was also prevented by 

pteroylglutamic acid. The deleterious effects of 

pteroylaspartic acid on chick nutrition were also prevented 

by pteroylglutamic acid (127), and clinical examination of

magnesium formylpteroate and formyl-pteroyIglutamate, t
4 

pteroylaepartic, oxypteroic, oxypteroyIglutamic, and N -
-V

(4-quinazollne)-4-amlnobenzoylglutsmic acids has revealed 

their inactivity against human anaemia (128).

i» easel and J|. laotis JR can develop in the absence of 

pteroylglutumic acid if certain purine and pyrlmidine bases
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are present (129), and the bacteslostatic effect of 

benzlminszole on the growth of yeast and two other organisms 

Is prevented by adenlne (82). Though this Is not true of 

B. ooll (135) It was decided to prepare the benzimlnazole 

analogues (L, R * H, or 01, and R 1 » OH or .1-, NHCH(COOH) 

CHgCHgCOOH) of pterolc and pteroylglutamle eclds for 

biological testing.

XLIX. L.

Following the discovery of the imlnoether benzlminazole 

synthesis (part II), Spensley (this laboratory) tried to use 

the method to prepare these benzin.inazole analogues (L). 

He tried, as a model, to prepare some iminoetnera of 

anllinoacetonltrile, for the cj-phenylen^disnlne condensation. 

Oreat difficulty was experienced In their preparation and the 

route was abandoned.

Preliminary experiments, by the author,, showed that 

chloracet-S-nitroanilide, and its 4-chloro-derlvatlve 

condensed with aniline in boiling n-propanol to give the 

corresponding phenylglycineanilldes (LI, R' » H, R = H and 

Gl respectively, c. f. ISO). The u»e of pyridine as a
m

solvent in the latter condensation gave mainly pyrldinlumacet- 

2Haitro-4~ohloroanllide chloride, with a little of the desired 

product (LI, R • 01, R 1 * H). 'Jutulytic reduction of 

phenylglycine-2-nitro-4-chloroanilide gave the corresponding
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ringelosed to the benzlminazole, Isolate-: as the d ihydroohloride 
and characterised as the piorete, In 'boiling aqueous methanolic 
hydrogen chloride*

LI.

This synthesis was nov? extended to the preparation of L 

(R & H, R 1 = OEt), and ethyl jg-amlnobenzoate condensed 

similarly vlth both chloraeetenllldes to give the corresponding 

p-carbethoxyphenylglyclne a nil id eg (LI, R*=ccOEt f 5 * H and 01) 

in poor yield, which was somewhat increased by the addition of 

pyridlne. Catalytic reduction of £-earbethoxyphenylglycine- 

2-nitroanilide gave the corresponding arrine, which rlngclosed 

to the benziminazole in boiling alcoholic hydrochloric or 

picric acid. It was isolated as the dihydrochlorlde and 

pie rate, respectively, which proved identical with those 

prepared by Spensley from the 2-chloromethylbenziminas;ole — 

ethyl £-aminobenzoate condensute.

Further experiments in this series were carried out by
4 Spensley, who finally pre ared N -(benziminazole-lB-methyl)-

4-aminobenzoyl-JL-glutamlc acid (t, R = H, R* * 1-, NHGH 

(COOHjCHgCHgCOOH). Nimmo-Smith found that this compound did 

not replace pteroylglutamic acid for the growth of S. laotis 

pt and inhibited growth in the presence of suboptimal quantities



- 65 -

of this material. Bseentially the same results were 

obtained with L. easel.

N-(Benzimlna?;ole-2-methyl)—4-amlnobenzolc acid (1, H = H, 

R' * OH) was less inhibitory to the growth of .§. lactle g
*

than its glutamic derivative, and did not replace pt«royl- 

glutamic acid for the growth of this organism.

Sdwards et al. (131) later reported the synthesis of 

L (R * H, R 1 * JL-, NHCH(COOH)CH2CHgCOOH) and state that it 

replaced pteroylglutamlc acid, though at a much higher 

concentration, for the growth of £. lactis jl, and stimulated 

growth in the presence of suboptimal amounts of pteroylglutamic

acid.
n

The corresponding benzene sulphonylglutamic acid (above) 

had only antagonistic properties.

These differing biological results are probably dfta to 

the slightly different culture solutions used by Nimmo-Smith 

and Edwards. This also explains the growth factor activity
4of N -(2-quinazoline)-4-amlnobenzoylglutamic aeid^ examined 

in the medium used by Edwards, for L. easel, though the 

compound is useless in the treatment of anaemia (128).

The pterln ring system is much more closely related to 

q-iinoxallne than bensiminazole, so investigations into the
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preparation of some pterolo and pteroylglutamlo analogues 

in this series were begun. Further Interest was added to 

the project as Hall (183), wnlle this work was In progress, 

reported that the growth of .§, lactla &, Inhibited "by 

qulnoxaline, was restored by excess pteroylglutamic acid.

• -IT III ' TT 1 • l» I • « -._ •

N~(2~oi!tinoxaline)~4~jiMno.b«ngQic acid (LII. R » OH) 

was prepared from 2-chloroluinoxaline (prepared according to 

156) by refluxing with j)-amlnoben^oic acid lu n- propanol. 

It did not, however, appreciably affect the growth of 

£• laetle ^,

2-Chloroquinoxaline and £-aminobenzoylglutamic acid did 

not give the pteroylglutamic analogue under the same 

conditions, but ethyl N -(2~cuinoxaline)~4»arBinoben2oyl-l~ 

glutamate was obtained from the quinoxallne and the 

bsnzoylglutamic ester in ethanol. On alkaline hydrolysis 

it gave the desired acid (LII, R a I-, NHOH(COOH)GHgCH2

COOH).

This compound had a small inhibitory effect on the 

growth of L. easel, prevented by pteroylglutamic acid, 

and a more detailed biological investigation ie being
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carried out.

CHXNM

LIII.

fVcoft
\sst

Experiments on the synthesis of N-( quinoxalin«-2~ 

methyl)-4-aminobenzoie acid (LIII, R * OH) were now 

started, and it was hoped to extend them to the synthesis 

of the pteroylglutamic acid analogue (LIII, R * I- 9 

NHOH(COOH)CHgGHgCOOH).

The synthesis of 2-chloromethyl-, or 2-brornomethyl- 

quinoxallue (LIV) was the first object, and it was hoped 

to obtain this from 2-hydroxymethylquinoxaline, Norrish 

and Griffiths (137) reported the synthesis of this 

compound from a photodecomposition product of glyoxal and 

c>-phenylenediamine, but there is little evidence for its 

constitution and at tempt a v?ere made to prepare it from 

the tetrahydro series.

LIV.

The synthesis of 2-hydroxymethyl-l;2:3:4-tetrahydro- 

quinoxallne from glycide alcbhoi and ci-phenylenediamine
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was contemplated, tout model experiments with ethylene 

oxide and the dlamine showed that ringclosure to the 

qulnojcallne did not take place. 2-Amino-|8-hydroxyethyl- 

aniline, characterised as the mono- and dipicrates, was 
isolated from the reaction,

2s5-Dibromopropanol reacted with di-£-toluenesulphonyl- 

o-phenylenediarr,lne in the presence of sodium ethoxide to 

give 1:4-di-p-toluene3ulphonyl-£-h.ydroxyrnethyl-l: 2:3:4- 

tetrahydroQUinoyaline. Hydrolysis to the g-hydroxymethyl- 

jiuinoxaline w~s first achieved using diluted sulphuric acid, 

hut the jields vre very variable and often very little 

product was obtained. Hydrochloric acid, at 160-170 * 

gave reproducible yields of the quinoxaline, characterised 

as the picrate. Oxidation with alkaline potassium 

ferrlcyanide, as for tetrahydroquinoxaline (1*8), gave a 

black tar, from which a little .juinoxaline was isolated.

2-Methyl-julnoxaline was next prepared from ,o-phenylene- 

diamlne and isonitrosoacQtone (151). Contrary to the 

statement of Kuster (139), confirming that of Freons (140), 

it was not found possible to nitrosate acetone in aqueous 

solution, and the iaonitrosoac ,tone was made from 

acetoacetic ester (141).

Attempts to brominate 2-methylquinoxaline directly 

to 2-bromomethylquinoxaline gave an unstable black tar. 

f-Trlbromomethylquin-xallne was easiiy prepared by direct
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bromination (142), but attempts to reduce It, using etannoue 

broraide, to S-bromomethylqiiinoxaliiie gave a black tar.

The tribromomethylquinoxaline with sodium methoxide 

gave methyl 'julnoxaline-2-orthocarboxylate. Attempts to 

prepare N-(quinoxaline-2-carbo*y)-4-aminoben3Oic acid by 

condensing this ortho-ester with js-aminobenzoic acid in 

boiling xylene gave a brown powder that could not be 

purified.

Oxidation of 2-methylqulnoxaline with lead tetraacetate 

(o.f. 153) gave & black tar, from which some unchanged 

2-methylquinoxallne was isolated.

It was thought thet S-bromo-l-ispnitroeoacetone might 

react with jg-phenylenediamine to give the required 

brorr.omethyl quinoxallne, but attempts to prepare thle compound 

from 3-bronoacetoacetic ester by the method of Ceresole 

(141) gave black tars. The reaction of 1:3-dibromoacetone 

with o-phenylenediamine in boiling ethanol also gave a 

black intractable tar (c.f. 144).

The reaction of ispnitrosoacetoacetic ester and 

jj-phenylenediamine was examined in the iiopa that it would 

give g-methyl-4-aurbethoxyiUiaoxaline, and th.t the reaction 

mi^ht be extended to the use of S-bromo-lsonitrosoacetoacetle 

est^r. The products of tha reaction, in the presence or 

otherwise of acid, were 2-methylbenzii'.ina7;ole, characterised 

as the plcrate, and 2-methyl-3-hydroxyquinoxaline.
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Attempt** were now made to obtain *fe*?q N-(4-carbethoxy- 

phenyl)-N-formyl-3-amino-l-iilsonitro3oacetone. The 

corresponding ethylacetoacetate was prepared, in very low 

yield, from the reaction of 3-bromoscetoacetic ester and 

the sodio derivative of ethyl N-formyl-£-aminobenzoate 

under certain conditions. Enough material for nltroeation 

and subsequent hydrolysis cojld not be obtained.

The next route examined started with ^uinoxaline-2- 

aldehyde, prepared in poor yield from 2-methylquinoxallne 

and selenium dioxide (143). It reacted with £-aminobenzoic 

aeld, and its etnyl ester, to give N-(guinoxa 1 ine-g-methylene)• 

4-aminobenzoie acid (LV, R a OH) and the corresponding ester 

(LV, R = OBt).

COR

LV.

All attempts to reduce the acid (LV, R e OH) to the 

secondary amine in alkaline solution failed*

Better results were obtained -.sing the ester (LV, 

R * 03t), which was not reduced by hydrogen over pailadised 

charcoal. Some reduction (351/) took place over Raney 

nickel, the absorption ceased long before one double bond 

was saturated, but some of the desired product (LIII, R = Oi 

was obtained. Hydrogenation over Adams catalyst gave the
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beat yield (36%) of this compound and the reaction was 

stopped after the theoretical adsorption of hydrogen, '.in 

had taken place.

The ethyl N-(quinoxaline-2-methyl)-4-aralnobenzoete was 

very sparingly soluble in most solvents, but dissolved in 

pyrldine. one attempt to hydrolyse it to the acid, by 

refl^xlng, under nitrogen, In pyridine containing a small 

excess of aqueous sodium hydroxide* gave an intractable 
product,

As the solubility properties of this eotor (LIII, 

R s OEt) were now known attempts were made to prepara it 

from ethyl j>-aminoberizoate, ^-phenylenefilamine and 2:3- 

dibroniopropionaldehyde, under the conditions used in the 

synthesis of ethyl pteroete (41). None of the desired 

ijuinoxallne could be Isolated from the product. The 

reaction was repeated using £-aminobenzoic acid, but the 

acid (LIII, R « OH) could not be isolsted from the resulting 

mixture. Hnsuccessful attempts to prepare the pteroyl- 

glutamic analogue (LIII, R * !-, NHCH(COOH)CH2Cfi2COOH)
fwr\

by this methodl£-aminobenzoylglutamic acid were later 

reported (1»-1).

LVJ,
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3~(4-CarbethQxyanilino)-2-bromoacroleiQ (LVI, R « ©) 
was now prepared from a-(4-carbathoxyanilino)-g-bromo~ 
aerolein 4^arbethoxyHni^ (or l:3-bl8-(4-oarbethoxyphenylimino) 
fc-broaopropane, LVI, R * WG6H4COO]iit) hydrobromide by 
hydrolysis. All attempts to condense the bromoaldehyde 
(LVI, R e o) with .o-phanylenediamlne gave black tars, from 
which nothing homogeneous could be Isolated, The 
enilinobrolroacrolein (LVI, R * N0 6H4COOBt) was prepared from 
mucobroraic acid (169) and ethyl js-amlnobenzoate (c.f. 160).

It was found possible to bromlnote methylglyoxal to 
monob r OTnomet hy Ig.ly or a 1. which dipt! lied with s green vapour. 
No crystalline derivatives were made, ?.nd the analytical 
data \vae poor. The bromp compound reacted with P: 4: 5-

a>d. ^-«t^'-»«*>«T>.yyl-J-^lu.toi»i.;t eLC*Ji

triamino-6-hydroxypyrlrnidinei in aqueous ethanol at pH 6 to 
give a brown powder, containing c. 5# of pteroylglutaraic 
acid (assayed uaing 3. laotis R.).

Investigations using bromomethylglyoxal and bromomalon- 
dialdehyde derivatives are being continued.
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Experimental Section, 

Part I. Biguanidine Derivatives*

Anthranilic eoid - d icy and i amide condensate (c.f. 78)* 

Anthranilic acid (6.85 g. , 1 raol. ) and dicyandiamide (4.2 g. , 

1 mol. ) in water (35 ml. ) were refluxed for a"bout 2 hours. 

The product slowly separareted as a pale brown solid, and 

after cooling was collected, irup, 289° (decomp.) (7.7 g., 

76f ). It crystallised from N aqueous sodium hydroxide, a 

much better solvent than water, in colourless hairlilce needles, 

nup. 306-8 (decomp.). Cohn (78) gives m.p. 245-6 (decomp.).

Found: N, 34. o. 

Gale, for UgHgON B , N, 34. 5fr*

The hydrochloride separated from N aqueous hydr chloric 

acid in colourless prisms, imp. 289 (decomp,).

Found: C, 44.9; H, 4.4; N, 29.0. 

requires, C, 45.1; H, 4.2; N, 29. 2£.

The evolution of hydrogen chloride ceased when this 

compound (10 g. ) was refluxed with phosphorus oxychloride 

( 100 ml. ) for 5 hours. Excess oxychloride was removed in 

vacuo, and the rasidutil material treated with ice and water. 

The residual yellow solid (8 g. ) was collected, but analyses 

on the crude material were unsatisfactory end solvents 

effecting crystallisation could not be found. The compound 

reacted with boiling diethylamine, but nothing homogeneous 

could be isolated from the reaction.
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•ethyl anthranilate (7. B g.» 1 mol. ), potassium thiooyanate 

(6,0 g. , 1 mol.) and concent rated hydrochloric acid (5 ml.» 
1 mol.) in water (10 ml.) ware warmed on a ateaa bath till all 

dissolved, and the solution was allowed to cool. The product 

(9.5 g., 91$) separated ae a white solid, very soluble in 

methanol, 'acetone and hot water. ' It crystallised from bensene

in small oolourless prisms, m. p. 125-6 9 resolidifying almost
0 immediately and remalting at SOS .

Found! C, 51,4; H, 4,8; N, 12,9; 3, 14.7. 

C9H10°2W I p«9Uire8, 0 51.4; H, 4.8; N, 13. 3 J 8, 15. ££.

CrMere ap t o-4-hyd poxy auina 7.0 1 ine.
i). The above ester (7.8 g. ) was slowly heated to 200 (SO
minutes) and the product (5.6 g. , 85^) ground up with ethanol
and collected, m.p. 302-4 . It crystallised from a very large

0 
volume of ethanol in pale yellow prlaras, m.p, 505-6 . Rupe (80)

•

gives m.p. 284

Pound: C, 54.4; H, 3.6; N, 15.3; 3, 17.1,

Dale, for C H ON 3, C, 63.9; H, 3.4f H, 15.7; S, 18. 0#
86 2

ii). A mixture of anthranilie acid (15 g., 1 mol.) and thlo-
0 uree (£4 g. , mol.) was 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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Ammonia, and other fume a were evolved, and the raaldual brown 
glass wee boiled with ethanol. The residual grey powder 
(0,9 g. ) was collected and washed with ethanol and ether, 
m.p. 288-92 . It was insoluble in aqueous sodium bicarbonate 
but dissolved in dilute sodiun hydroxide and was precipitated
on acidification. It crystallised from ethanol in almost'" 0 
colourless plates, m»p« 889 , depressed on addition of
8-mereapto~4~nydroxy.Cquinazoline from "i".

Pound: 0, 65. T)- H, 4.3), N, 13.7; S, 10.7. 
65.fi);' 4.0);

C16H12 OIT3 8 raciulree» c > 66.3; H, 4.1; N, 14.3; 3, 10.9^.

iie thylmere ap t o~4-hydrox.v auina zo I tne (81). 
Methyl sulphate (3.38 g. , 1,05 mol. ) was added, with vigorous 
shaking, to a solution of 2-i«eraapto-4~nydroxyqulna2oline 
(4.66 gv , 1 mol.) and sodium hydroxide (l. 12 g. , 1.1 mol.) In 
water (80 ml.). The crude producft(4.4 g. , 90^) separated
almost immediately as a white solid, which crystallised from

0 ethanol in colourless prisms, nup, 216-9 .
Found: 0, 56.8; H, 4.0. 

Calc. for GiiS, 0, 56.3; H, 4.1#.

This compound (1.0 g., 1 mol.) and guanidine carbonate
(0.6 to 3.0 g in several experiments), finely ground together,

0 were he ted in an oil bath to about 200 for three hours. The
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product (0.85 g.), 9 yellow powder, was washed out with ethanol 

and had m.p. 296.. It dissolved in warm dilute sodium hydroxide, 

was precipitated by acid, but repetitions of this process failed to 

give a homogeneous material, and crystallisation froir ethanol was 

unsatisfactory.

The 2-methylthloquinazoline also fulled to react with
0 

ethanolic guanidine at 160 (6 hours) in » sealod tube; it was

largely (90;?) recovered unchanged.

g-Quanidinoben?imintizol9 (<XVII; R«;i*»R w*H. c.l. 86). 

A mixture of ,o-]rhenylene diarrlne (S. 16 3,, 1 mol.), dicyandiamide 

(1.68 g., 1 mol.), concentrated hydrochloric acid (4 rl., 2 mol.) 

and water (15 ml.) were heated under reflux for one hour, ahen 

the solution was cooled and basiflefi. r-'-us^idlnoben^imlna^ole
Q

(T. " g., 66$) separated, < r .p. 247 '( decomp.), ?no crystallised 

from water in buff coloured pi rtas or colourless needles, m.. . 

251 (decomp.).

The mononitrate separated from water in e ^11 colourless 

neediac, :•-..?. 235 (decomp.) (relllzzari, 88, _ives m.p. 216 

(decomp.).

Found: 0, -i-C. £; H, 4.*.

O&lc. for CJi-N-.HI.'C,-, C, 40.3; H, i.fy 
o y o o

The plcrc,te crystaiiloec- from >_- It.rje volnn.e of water in
G, , 

colourless neerllec, P..p. 274-o (aecoi p. )
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Pound: 0. 41.4; H, 2*9. 

Gale, for C8HgN5.C6Hs07N3> 0, 41.2; H, 3.0£.

g-Quanidlno~5.mathylbenzimlnozole (XXVII, R e Me, R 1 = R M = H), 

3-Nitro-4-8minotoluene (3,8 g. , 1 mol. ) was hydrogeneted over 

Raney nickel In methsnol to the dlairine. The solution was 

flltere" Into concentrated hydrochloric acid (5 ml.) and the 

mixture evaporated to dryness In vacuo. The residual 

dlhydrochloride was refluxed with dicyandlamide (2.1 g. , 1 mol.) 

in water (15 ml.) for 45 minutes and the gum, precipitated 

by alkuli, treated with alcoholic picric acid. The benzimin- 

azole pic rate (6.0 g. , 58^) m.p. 240 (decongt) separated, and

crystallised from aqueous ethanol in orange needles, m.p.
0 

r turning yellow at 240 )

Pound: C, 43.4; H, 3.6; N, 26.7.

0 0 264 (decomp. , after turning yellow at 240 )

°9H11N5' C6H3°7N3 r<9 ^ulre8 J » 43- 1 ? H » 3 » 3 5 :l » 25.8^.

The crude plcrate was couverte^ into the dlhydrochlorlde 

by the /S-ethoxyethanol method (see XYVII, R « R' = OMe, 

R" m JL-Pr). and it separated from n-propanol containing some 

hydrogen chloride in colourless prieme, m.p. 2S8-9°( decomp. ).

Pound: C, 41.0; H, 5.1.

G9H11N5' 2HC1 re '-uires» C » 41 « £ ! H » »-0^«

g-Quanidino-Ste-dimethoxybanziminazole. (XXVII, R * R 1 = OMe; 

R" = H).

4: S-Dimethoxy-o-phenylenediamine dihydrochloride (3.38 g. , 

1 mol. ) and dicyandiamid 3 ( 1. 2 g. , 1 nol. ) were ref luxed in
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water (10 ml,) for one hour, giving a d«ep red solution, 

After the addition of charcoal and filtering, pale pink 

prlama of the benzlminazole mono-hydroohlor Id e monohydrate 

(2*7 g«, 60$) separated on cooling the solution and cryatall 

iaed from water in colourless priams, m.p. 28f°(deoomp. ). 

Found: C, 41.3; H, 6*6; ft, 83.6; 01, 12.3.

°10II130gN5« H01* Hg0 requires,

Q, 41.4; H, 5*5; H, £4.2; Cl, 12.8$, 

Found, on a sample dried at 120° in vacuo:
A*

Found* •, loaa, 3. ll^j C, 42.4; H, 5,6.

6, 0, 42.8; H, 6.3£

The free "base separated from water in irregularly shaped 

colourless prisms, m.p, 163 (decomp.).

Pound, when dried at room temperature over phosphorus pent oxide:

Pound: C, 49.1; H, 5.8; N, 29.4.

Found, after drying at 120 in vaouo, C, 50.9; H, 5.6.

C10H13°2W5 r9(luir88: G » 51.1; H, 5.6?E.

The monopicrate monohydrate separated from aqueous ethanol

in very fine orange needles, nup^ 230°( decomp. ).
0 Found, after drying at 100 in vacuo:

G, 39.o; H, 3.6; H, £3.8.

ClC^lS0^'^1^0?1^* 11*0 r«4«lr»8» c » 39.8; H, 3.7; N, 23, 2£. 

Found, after drying at 120° in vacuo: C, 40.4; H, 4.0.

6; Hf
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8-ttuanldino-5!6-dichlorcrt»anziininagole (XXVII, R«R'«C1; R"*H). 

li2-Dlchloro-i:5-dinitroben?5ene (4. 75g; 1 mol. , prepared from 

o-diehlorobenzene by two successive nitrations, 92) was hydrogenated 

to the diamine over Raney niokel in mfrthanol (20 ml,), filtered 

into concentrated hydrochloric acid (4.4 ml.) and the solution 

evaporated to drynees in vacuo. Dicyandiaralde (1.68 g. , 1 mol.) 

a nd water (12 ml.) were added to the residual solid and the 

thick grey sludge [reduced by boiling for 10 minutes heated on 

the sta^m bath for a further 50 minutes. After cooling the 

preclpitbted 2-guanidlno-6; e-diohlorobenzifninazole hydrochloric<e

monohydrate (3,9 g. * 66??,) was collected, and crystallised from
/ 0 

water (charcoal) in very fine colourless needles, m.p, 287-90

(decomp. )

Found: C, 32,5; H, 3,6; 01. 35.0.

C8H7N5G1 2* HG1* H2° re(5ulres» C»7 n.2; H f S « 4 T °1» 3;:. 6';.

The free baae separated from water in very pale brown neenles, 

m. , . 244 ( decomp, ) .

Pound, after drying at 100 in vacuo; C, 39,2; H, 3.0.

requires, J, 33.4; H, 2.9X-.

piorate separated from a .ueous ethanol in very fine 

yellow prisms, tr-.p. 319 (decomp.).

Found: Jl, 14.8; N, 24.1.

G H N 01 .0 H O'N ra^-iree, ol, 15.0; N, 23,75?. 
875 2 6373

£VQuani(3ino-5!6-dimethyIbenzlminazole. ( XXVII, R«rR'«sMe; R M«sH) 

This was similarly prepared from 1: 2~dimethyl-4~amino-5-nitpo- 

ben-ene(2,8 g. , 1 mol.), obtained by nitrating the xylidlne (93)
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taelng concentrated hydrochloric acid (3.4 ml.) and dlcyandlamide 

(1.42 gt/ i mol. ). The hydra ted hydrochlorlde separated on 

cooling the reaetion mixture* and crystallised from water 

(charcoal) In very pale brown prisms, m.p. 266 (deoomp. ).

Pound; 0, 45.5; H, 6,4. 

C10H15N6* HG1» ^Hg0 requires, C, 45.0; H, 6.4$,

free "base separated from aqueous ethanol as u hydrate, 

In long fawn coloured needles, rn.p. 191°. 

Found, after drying at 100° in vacuo; C, 66.4; H, 6,4. 

°10H13N5*^H 2° requires, 0, 56.6; H, 6.6;.

The flic rate separated from aqueons ethanol in brick red 

prlsma, m.p. 258°(decomp. ).

Found: C, 44. 7j H, 3.8.

» C ' 4U4: H» 8* 7'r *

1 BOFropyldloyandianiide.

Sodium dicyanimlde (5.0 g., 1.12 mol,) and isopropylamlne

hydrochloride (4.8 g., 1 nol.) were refluxed in ri-butanoi

(50 ml.) for 20 hours, after 7,-hich the solution was filtered

and evaporated to dryness in vacuo. The residual colourless

glass, crude i sop ropyld icyand iamide (theoretical yield), was

used directly in the syntheses of all the isorroryl^u inidinoben^i' in-

a^olss, later described.

H portion of the gloss was redi^Bolved in n-but<mol, and 

the solution was filtered <*r\r\ evepor ->te<J ^s before. The 

resulting glass, -^n very long st--r^ing, eolidlfiecl to a waxy 

r,.r. 84-6°.
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Pound, on a sample dried over phosphorus pentoxide at 115 /O.OS mm.

N, 44.8.

C5H10N4 r«<2ulr«e» *f 44.4f.

The alkyidlcyandiamide was soluble in water and polar solvents, 

"but was insoluble in light petroleum and benzene. It does not 

form a confound with picric acid.

A portion of the glass (5.9 g.) was heated to boiling with 

acetic anhydride (12 g.) when a vigor us reaction eet in, which 

kept the mixture boiling for 10 minutes. After refluxlng for 

a further 30 minutes the solution was set aside for 8 days. 

The solid, which separated, was collected and washed with a little 

acetic acid and ether. Further quantities were obtained by 

adding large volumes of ether to the filtrate. It crystallised 

from ethanol in very pale yellow prisms, m.p. 271 (slight decomp.), 

and analysed for g~i8orropylamino-4~n)ethyl"6~hydroxytri?.i2ine. but 

was not further investigated.

Pound: C, 49.6: H, 7.2: N, 33.9.

U7H12°N4 re<2ulr0s» ~ J » 50'°* H » 7 - 1 ? N » 33.3;. 

N J-ieorrop.vi-£-guanidinoben;,:iniina3ole. (XXVII, KeR'sH; k"*i-ir)
•

2-Phenylene-dlamine (5.4 6.» 1 mol.), concentrated hydrochloric 

acid (10 ml., 2 mol.), and isopropftyldicyandiumide (6.3 g., 1 mol.) 

were refluxsd in aqueous solution (20 ml.) for 1 hour. The 

addition of alkali gave a sticky yellow gum which dissolved in 

ethanol and was treated with an a-jueoue solution of copper 

sulphate pentahydrate (It.6 g., 1 mol.). The pale green copper 

derivative wae collected, washed with ethanol, dried and dissolved
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in concentrated hydrochloric acid (20 ml.) to give a deep red 

solution. Sodium sulphide (14 g. ) In concentrated aqueous 

solution was added, the precipitated copper sulphide removedf 

and the filtrate strongly basifled. A yellow gum, which slowly

precipitated, and long colourless prisms of H -Isojpropyjl 

sole separated from its solution in

ethmol, m.p. 168°.

Pound: 0, 60.4; H, 6.8; N, 32.6. 

C 11H15N5 requires, C, 60. 8j H, 6.9; N, 3?.3>.

The pic rate separated from aqueous ethanol In fine yellow 

needles, m. p. 263-4 (decomp. after sintering at about 260 ).

Pound: C, 45.8; H, 4.0; N, 25.4. 

C11H15N5.C6H307N3 requires, G, 45.7; H, 4.0; N, 25.1??.

The d Ihy d r ochl or id e separated In colourless prisms, m.p. 

230-8 (decomp.) from ethanol containing a trace of hydrogen chlor­ 

ide. Found: C, 45.8; H, 6.0; N, 24.0. 

°11H15N5* 2HC1 requires, 0, 45.5; H, D.9; K, 24. If.

N .IsoPropyl-k-fCuanidino-S-chlorobenaifninazole. (XXVI) 

4-Chloro-o-phenylsne rlinmine dihydrochloride, prepared from 

4-chloro-2-nitroanlllne (8.65 g. , ) by hydrogenation in the usual 

way with Raney nickel, was condensed with JUsopropyldicyandi.^ide 

(6.3 g. ) by refluxing in water (20 ml.) for 45 minutes, and the 

product Isolated as a very gunny red-green copper derivative. 

The free base (obtained from the copper derivative as with 

X-vII, R*B* "sH, R"s=Jl-pr) was a yellow gum, which could not be 

induced to crystallise. Treatment with ethanolic hydrogen
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chloride gave the bengiiminasole dihydrochloride which crystallised 

from n-propanol, containing a little hydrogen chloride, in 

colourless prisms, which were washed with ether, m.p. 216-7 (deeomp.

Found: Q, 41.1: H, 4.8; Jl, 32. 2. 

°llH14N5pl« 2H01 require^ C, 40.7; H, 4.9; Jl, 3£.8£,

The Die rate separated from aqueous ethtmol in fine yellow 

needlea, r.p. 248°(decomp, ).

Pound: ,C, .42* b; ,H,V3«2; ,K, £3.0. 

GllIi14N 501-C6H;507]f3req'iiresYC, 42.6; H, 3.5: N, 23.5^.

The copper derivative of the ben /irninazole was preei itated es a 

pink powder when a colution of the benilrinssiole dihydrochlorlde 

(1 g. -) in hot water (5 rrl. ) was added to cupric nitrate hexahydrate 

(o.49 g. ) in acueous a monia (2.5 ml. , d. 0. B80, in ' ; . 5 ml. of 

water, c. f. 94). It crystallised from aqueous eth«nol in deep 

red rrlaina, rn. p. cGD (decomr>. ) ( easily soluble in chlorofor"r. 

The chloroform solution was decomposed on shaking with dilute 

acids.

Found: U, 47.0; H, 1.0; ol, 12.4. 

rJu requires, 0, 46.'8; H, 4.6; Cl, 12.^.n ,, we 11 13 5

H'r~i80lTOD^yl-g~^uanidino-5~methoxyb'3a?imiaaaQle ( X \ V 1 1 f

This was slmllurly rude from 2-nitro- 4-rethoxy;niline (8.4 g. , 

1 r ol. ' and iso: ro^yl^icyirni^rrlde (6.3 lb". > , "but the yellov, 

brown gum precipitated oh "ber,tf,, in,j the deer blue reaction 

was purified thronjh tha "i crate as the copper salt 

was unsatisfactory. The w;ur was dissolved in a little
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hot ethanoi, filtered and plorlo acid (11.5 g., 1 mol,) in hot 

ethanol (50 ml.) added. The pierate (10*7 g., 45$) rapidly 

precipitated, and after washing with ethanol and ether oryatalliaed

from a large volume of ethanol in very email orange prisms, m.p« 
0 
(decon^.)•

Found; C, 46.2: H, 4.1; N, 23.5. 

C12H17OH6*°6H3°7R3 requires C, 45.3: H, 4.2: N, 23.5^.

The finely ground pierate (8.0 g., 1 mol.) was shaken up with 

eoncentrated hydrochloric acid (5.1 ml., 3 mol,) and water, -and 

the^raixture extracted with ether till free from picric acid. Th« 

aqueous solution was then filtered Gasified, and the precipitated 

base collected. It separated as the monohydrate, in colourless 

prisms, from aqueous ethanol, m.p. 117-22 (deoo&i>,)

Founds C, 54.2: H, 7.0; N, 26.8. 

C12H17ON5' H2° r*vJulp*8» c > 54.3; H, 7.2; K, 26.4$,

The anhydrous confound, m.p. 97°, was obtained as a pale
0 orown glass on drying the hydrate at 100 In vacuo.

Found: C, 58.0; H, 7.0. 

C12H17QS5 requires, C, 58.3; H, 6.9??,

The dthydroehlorlde, rurlfled fcy dissolving in methanolio 

hydrogen chloride and precipitating by the slow addition of ether, 

was a white powder, m.p. 207 (decomp.)

Pound: G, 45.0; H, 5.9; Cl, 21.7. 

0 H, 7ON5. SHC1 requires, C, 45.0: H, 5.9: Cl, 22,^.
J»» J* * ^^
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IT - i soPropy 1-2-guanid lno-5-methyl-b enz 1 tnina zo le. (XXVII f ReMej

R"*i-4r)
The benzimlnassole was made by the above method from 3- iitro-4-

amlnotoluene (7.6 g. ) and 1 sopropy Id icy a nd i amid e (6.3 g. ), and 

isolated as the nio rate (11.0 g. , 48%), which crystallised from 

aqueous ethanol in orange prisms, ra.p. 217 . 

Pound, after drying at 100 in vacuo:

^*,, E> O o 7 3

G, 47.2; H, 4.4; X, 23.6. 

requires, C, 46.9; H, 4.3; N, 24.3%

It was decomposed by hydrogen chloride in jfi~ethoxyethanol 

(see XXVII, R=R f mOVe, R"«i-Pr) to glvo the dlhydroehlorlde 

(5.5 g. ) which separated from n-propanol, containing hydrogen 

chloride, as a white microcryetalline ponder on the addition of 

ether, ra.p. £14-7 (decomjp.). It was not obtained analytically

pure.
Poznd: C, 46.8; H, 6.2.

C H,,,N,..2HC1 re 'Tires, C, 47.4; H, 6.2?r. 
12 17 o

N ~i 8oIiropyl~2-*JU»Pidino«-6: G-dimethoxybenziuiinazole ( XXVII,

4:5-Diriitroveratrol (10.8 g. ) was hydrogenated over Raney nickel 

in methane! (100 ml.). ;vhen half the theoretical volume of 

hydrogen h-id been nbaorbed en orenge-brown powder precipitated 

from the solution, but the addition of more catalyst completed 

the hydroganation. The dlamine was converted to the dihydrochlorlde, 

tmd condensed with i^opropyldioy:.ndiamide (6.3 g. ) as before. 

The benzimln?jzole wac Isolated as the picrate. which crystallised 

(from aqueous n-prop'nol in orange-brown needles, rr. 3. 278 (decomp. ),
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Pound, after drying at 100° in vacuo: J, 44.9: H, 4.3: N, 21.7. 

G 13H19°2N5* J6H3°7N3 requires, C, 45.1; H, 4.3: N, 22.1%.

Decomposition of the piorate with aqueous hydrochloric acid 

was unsatisfactory owing to its insolubility, so a suspension 

of the crude picrate (1 g. t 1 mol,) in boiling£ -ethoxyethanol 

(10 ml.) was treated with hydrogen chloride (0.25 g., 3.5 mol.) 

in n-propanol (3 ml.). After 10 minutes on & ste&m bath dry 

ether was added to the crystalline sludge to dissolve the 

picric acid, the crude dlhydrochlor id a being filtered off and 

washed with dry ether till free from picric acid, m.p, £40 

(decomp. 0.65 g., 94# recovery). It crystallised from 

n-propanol, containing a little hydrogen chloride, in brushlike 

bunchas of colourless needier, m.p, 214-6° (decomp.)

Pound: C, 44.3j H, 6.3; N, 19.9; Gl, 20.5. 

G13H19°2%» 2HC!1 '••^ires c » *4.6; H, 6.0; N, 20,0; Cl, 20.3%.

Attempts to isolate a monohydrochloride by the addition of 

the theoretical quantity of sodium hydroxide to a concentrated 

a jueous solution of the dlhydrochloride failed to produce a 

precipitate, but addition of further quantities precipitated 

the baae, which separated from qqueoue athanol in very pale brown

nearly cubic <1 prisms, m.p. 215 (decomp,)
0

f Found, on a sample dried at ISO in vacuo:

C, 56.4; H, 6,8; N, 25.9.

G H 0 N requires C, 56.3; II, 6,9; N, 25.3/r . 
13 19 2 5
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The copper derivative, pr ere red in the came way es the 

cop er rterlvatlv, of X VVI, wes slightly soluble in b«nrone, 

moderately in ethyl acetate, and ear-ily in ethanol and chloroform. 

(The latter solution was decomposed by dilute hydrochloric acid). 

The hemihydrate crystallised from aqueous ethonol in purple red
Qpriams, m. j> 2?7-r. (deconvr. ) .,

Found: 0, 49.7: H, 6.1; N, fc'.,.2. 

;J2^u.£HxG requires, G, 4y.9: li, -.9: N, £r£.4. .

5
N -lsoProryl_~/^»:^jt.^aiuin^~v;_r'~c.j.chjLprob^Uj:iainn':ole ( X \ VI I ,

This was prej.'jroc; i>-r 1: 2-dichloro-4; 5-dinltroben2ene (11.85 a. 

and isorro ./1'Ucyandi^mide (fl.^ «;. ) in the usual way, and the

pio rate (11 g. , ; 3 . , *". p. ^98 dec^T^'. ), after wnshing vvith a

little ethanol, wac dissolved in p-ethotfyethenol and converted to
0 

the ci ibydrochloridg, as befor , with 'IB? recovery, m.p. rf£>

(decomp. ). It separated from n-propanolic hydrogen chloride in 

very sirall colourless priama, m.p, r.v :— 5 (decor].;.

Pound: J, 37.1; H, 4.1; Jl, 3 . 1.

CiiH,,:«'-Ol f ..SHCl r?-.uires f G, 36.7: H, 1. ?:; Jl, 39. <:>/..
xJ. iJ ^ >r

The ] icrate cryst llised from a lar^e volu;r» of aqueous
0 

n-proranol in yellow i^risrr.s, m. ; . 296 (decomp. ).

Pound: U, 35.9; H, •%!; Jl, l:-i,6.

f H I* 01 -OcH,0^^ r3 uires, J, 39.6t H, 3.1: CI, 13.B/. 
li 15 o o o r »5

The dihydrochlorlde wa« deco^; osed by water to give the 

monohydroohloride monohydrate, sep&ratin^ in fine colourless 

needles, r-.p. 157-GO (docornr. after sintering c. 145°).
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Pound I 0, 38.5; H, 4.7; N, 20.6; Cl, 31.5.

0 11H 1!5H 5C1 « H01' H g°

C, 38,7; H, 4.7; N, 80.6; 01, 31.^.

The/jaaae crystallised from aqueous ethanol In very pale 

brown prisms, m.p. 204 .

drying at 100° in vaouo: 0, 16. g; H, 4.6. 

requires, G, 46.2; II, 4.5*.

Attempts to form a copper derivative by the action of hot 

aqueous ouprio chloride, and sulphate, on a coiling aqueous 

solution of the benzlminazole dihydrochloride gave only the 

hydratsd nionohydrochlorido, and hemi sulphate hemihydrate on 

cooling. The latter separated from the solution in large buff 

prisms, m.p. £48-9 (decomp. ),

Found: 0, .".8.4; H, 4.4: 3, 4.9; 01, 20.1. 

Hg° re luires, 

•J, 38.4; H, 4.1; G, 4.6; Cl, 80. fV*.

o~5t 6~d Imeth

1: 2-DlB3ethyl-4-amino-5-nitroben3ene (6.1 j. ) was converted to 

the diariine dlhydrochlorida us before, arid condensed with 

1 SOP ropyldicyand i •-.> r: Ada (4. c*8 a. ) by refluxing for 45 minutes in 

aqueous solution (20 r.,1. ). Cn coolia,i* the monoliy d roc h 1 o r* 1 d e 

mnnoydrate of the benzisrin >^ola GQpar^ted as a brovm solid
'"N

(i. 8.g. » 53ft rc.p. 137W decornp. ), 'hich crystallised from wster
r\

(charcoal) in almost colourless rriRi.s, n.p. 138-41'" (decorrrr. ).
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Pound: C, 52.2; H, 7.4j 01, 11.6.

C 13H 19H5.HC1.H20 retiree, C, 52.1; H, 7.5; Clt 11.93?..

The 'P lor ate separated In bruehlike bunches of fine yellow 

needles from aqueous ethanol, m.p, 245 (docomp. ).

Pound: C, 47.8; II, 4.5. 

G 13H19N5» C6H3°7$3 requires, C, 48.1; H, i.f^I

W *n-Butyl-r-gnianldino-6t 6~diinethoxyben.'?;imina zole (XWII,

n-Butylamlne hydrochloride (7. 7 g. , 1 mol. ) was pefltixed with 

sodium dicyanimide (7.0 g. , 1.12 mol.) in n.-butanol (50 ml.) for 

24 hours. The mixture was filtered hot and the residual solids 

washed with a little n-butanol. A portion (15 ml.) of the 

filtrate and washings (54 ml.) waa evaporated to dryness (in 

vacuo), and the residual glass of n-butyldicyandiamide condensed 

with 4: 5-dimethoxy-o-phenylenediamine dlhydrochlorida (prepared 

from 4: 5-dlnitroveretrole, 4. 4 g. , 1 mol. as before), under the 

conditions used for i sopropy Idicyandiamid e« The product was 

is61ated as the picrate (4.3 g. , 43JC), which separated from a large 

volume of aqueous ri-propsnol in fine hair-like red needles* m.p. 

256° (decomp. ). 

Pound, on a sample dried at 100 in v^c^o:

G, 46.5; H, 1-.6J N, 21.5. 

C14HglOgB5.C6H307H3 requires C, 46. P; H, 4.6; N, 21.55?.

Decomj osition with hydrogen chloride in £ -ethoxyethanol and 

addition of ether gave the dihydrochloridg. which crystallised 

from ethanolic hydrogen chloride in slender colourless needles,
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0 
232 (decomr. ).

Found! C, 46-1; H, 6.2. 

S2Hcl re 'lires, 0, 46.?; H, 6.5;.

The base separated, as the see .ulhydrate, frorr aqueous——— -
•thanol in stellate clusters of colourless rrisme, m.p. 115-20 

(deootrp. ).

Found: G, 5J3.9; H, 7.0,

C 14^21°eN 5* 1*H 2° r*^lre8 » G » 5£' 8; H » 7>5*- 
Pound, on a sample dried at 110 in vacuo:

0, 66.9; H, 7.0. 
C14H?l°gM5*^Hg° requires, C, 56.0; H, 7.3>.

2t 4-Dlamiao-l{ 5t S

a-JPhenylsnedismine (1.08 g. , 1 rnol. ), BOdium dicyanimids (0. 8'.? g. , 

1 mol. ) and water (10 ml.) containing concentrated hydrochloric 

scid (1 ml., 1 rr.ol. ) were heated to boiling and leapt at 100° for 

5 minute.-. After cooling, nitric acid (0.9ml., d. 1.42, 1.04 mol.) 

waa added, when the benzepine nitrate (1,40 g. ) separ«ted. It 

crystallised from venter in colourless hbirlike needles, ^. r. 

269 (deeomp. ).

Found: d, 40.3; H, 4. b; ?f, 35.1. 

CgHgWg.IINOg requires, G, 40. '6; II, i. E; H, 55. 3; .

Increasing the amount of hydrochloric acid, or of dianine to 2 mol. 

in this preparation did not affect the nature of the product.

The ulerate, prepared from a -ueoua solutions of the nitrate 

end sodium picr?ite, separated from ^.jueous ethanol In vary fine 
yellow needles, m.p. 268 (deeomp.).
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Found: C, 41.8; H, 3. r<; N, ?7.0. 

requires, 0, U.6: U, 3.0; TT, ?7.77'.

The base crystallised from a yieous ethanol in pal'- brown

ory, /.'hlch retained water vory ton .ciouiily, r,,.p. r>l (decornp. ).
0 Pound, on a sample dried ut 120 in VVL-UO:

C, 53.7; H, 5. b; K, So. 2. 

C 8H9N5"* K2° re -uires» J » &5 » 5 5 fl » & « 3 ! "«» 39.0,.

Ti.e benzorlne vraa stable to hot dilitto al'ft.li, nut bailing 

30 aqueous soaium hydroxide c-.u.;;3d z> 1-r.s avolution of .rrrr.onia. 

A small >iUMitity of -jMriouia *.-jt> al-.o liLui-, tdri wija:; itj solution 

In rafl r<:in,', o:>.i^entr... ted hydrochloric acid was b >.;,?! fled aft ;r

re J h-s-irs, but aothin.- hono^on^ous CT.Ud be i.",ol.-ten from 

e^'? twc daj

/• suspension, of the nitr to 'f,.g9 j. ) in H a./'^ous 

hydrochloric aid (4 rl. ) v;;s tro.ito-;', &t 0 , ;,ith sodium nitrite 

(0.09*5 g. ) in >.; littl? w-jter. No reaction was ob^^rx'ed, . nd 

after 1C .iinutar-' a portion was treated , ith al*: li.'H 0-n... nthol 

solution, but no red dy© v;r.s pro; j.ced. The .T" i:i rj.ction ' ixti:re 

was therefore heated to boiling, when ;.il ti.y olid dissolved • ,d 

nitro-os fumes ?'?re evolvjd. * little b^ueous nitric 'icid was

added, and on cooling C. 215 j. (7ii recov-ry) of the benzer.ine
C nitr te uer.sr:.t^d, n.p. ^nc1 nixed P-. r . f'i-i (decomp. ).

-P: 4-d.l •<- i.no~li 3-5~tri: ' -^- r»zapino (XXI'\r , R'~ •'o; K'~.H)

^ethyl .nilijiQ (-...0? ;. , I r"\L. , r; 0) was hydrogenated to

the diarino ih math no 1 (20 nl.) ov?r " ..uy ^I -k'jl, filters: into

concentrated hydrochloric ;jcid (1.3' v 1. , 1 i-.ol. ) and the mixture
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Added to an aqueous (B ml.) solution of sodium dleyanimlde 

( 1. 17 g. , 1 mol. ) , Most of the methanol evaporated after 

toiling on a steam bath for one hour, and the suspension of a black 

oil in the remaining solvent was treated with methanollo pierio 

•eld (6,0 g. , 2 mol. ), T&« yellow-brown benzepine dipiorate 

(6.9 g»» 68£) rapidly separated, and orystalllsed from methanol 

(charcoal) in yellow needles, m,p« 218-T (deaonp. ).

Foundi C, 39, If H, 2.8; N, 23. 1. . 

2C6H307W3 reqnlrts, 0, 38.9; H, 2.6; N, 23.

Deoofflpoeition of the dipierate in hot p~9thoxyethanol 

solution with alooholio aqueous sulphuric acid gave the benzeoine 

sulphate, precipitated aa^the dihydrate by addition of ether. 

After washing with ether to remove piorie acid the sulphate 

orystalllsed from aqueous ethanol in oolourleoa need lee, rnp. 

S52 (decon?)., after softening at c. 83b ).

Pounds C, 53. 8f H, 5*9; H, SB. 8j 8, 9*5.

°9H11H5' H2S04' 2H2° re ^uire8» °» 55* 4' H » 5« 5' R » 21» ? 5 s» 9« 9^

The sulphate (0»2 g. » 1 mol.), suspended in dilute 

sulphuric acid (0,065 ml,, d. 1,842, in 2 ml. water) was treated 

with aqueous sodium nitrite (0.86 irl. , 10; , 2 mol.). 

After two hours no visible reaction had taken place, and a sample 

of the solution gave no cr-lour with alkaline jj-naphthol solution* 

The mixture was heated to c.90 on a stean bath (1 hour) when all 

the solid dissolved, and an aqueous solution of sodium plorate 

(0. 32 &•• 8» 25 mol. ) was added. The dipierate of the original

benaepln* precipitated (0,28 g. , 70£), m.p, and mixed m,p.

0 216-7
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8-JTitro~3f-iiethylanilin* (4,0 g. 1 mol.) we« hydrogens t«d to the 

aianine in ethaaol (10 »1. ) over Raney niofcel, and filtered into 

a mixture of concentrated hydrochloric acid (b. 3 ml.} and 

dioyandiamide (8, 5 g. 1,04 mol.) in water (20 ml.). After 

boiling the mixture tinder reflux tor one hour, roethanolio picric 

acid (IE g . , % mol.) was added, and the benziTTiinay-ole mono:: 1 orate

separated. It crystallised from ethanol (charcoal) in orange
0 yellow prisms, m.p. 195-6 *

Found: G, 43,3; H, 5.8; N, £6.0. 

°» 4^«1» H, 5. Sj NJ 26. ̂ C*

Sj S'-triAa^tianzepine* (XXIX,

2~Ifitro-5-ahloroaniline (2.0S g. , 1 mol.) was hydrogeaated over 

Raney nickel to the disttslno in methanol (80 ml.), filtered into 

concentrated hydrochloric 3oic3 (1.17 nl. , 1 mol,) and after the 

Rdd4tlon of water (5 ml.) and sodium dicy nircide fl,04 g. , 1 mol.) 

wae boiled for one hour. The "benzepine nionopicrate (4.06 g. , 79 ) 

aepareted as a green powder on the addition, of hot methanoiio picric 

acid (?. 7 g., 1 rool. )» and crystallised from methanol in short 

yellow needles, Tn.p. 263-4 (dec omp. ).

Founds 0, 38.6; H, 2. 5: Gl, 8.3* 

G8H6!I5OUCJ6HS07H3 requires, C, 58. Sj H. S.L.; 01, 8, B .

The h«?ni sulphat^g hemihydratg, prepared from the picrate "by 

the ^-©thoxyethanol method (see X./1-f^ R-iH, £V^ ^W.J^ - N

front a large volume of water in colourless ne«dles»

P.P. 274° (decomp. ).
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Found: C, 36.0; H, 4.1; S» 6,0. 

QflH8H BGl, $H2804^HgO re mirea, 0, 33,9; H, 3.7; 8, «.0#.

g^itpQ-6~QhlopQ-N-oth./laniline. (e.f. 96)

2j4-.Dlohloronitrob9ttJ5ens (4«3 g. , 1 mol.), ethylamine hydrochloride 

(4, 5 si, 1 mol), aodlura hydroxide (?. 1 g. , 1 mol. )» ethanol 

(10 ml.) and water (10 r.l. ) were slowly heated to 200 (5 hotxrt) 

in a sealed tube. The resulting eemi^lid mass was washed out 

with' ethanol, diluted largely with wuter, and the amlne filtered 

off. It crystallised from ac,usoua metuanol in yellow prisms, 

in. p. 35 (4. 8. g. , 80,-). This ainlne has been prepared by other 

methods (97, and 93), and the rn.pt 0. recorded are 85-4 and
075. 5-7S, 5

6-triazabenzeplne« (XXIX,

Bad; R'tsiiZt. )

This was prepared from 2-nitroi&-ehloro-N-ethylaniline (1.90g. , 

1 mol. ) in the ssn-e way as- the 7-chloro^jn^e^ine derivative 

(XXIX, RaG3? ^'tR'i using sodium dloyanimids (0.85 & , I mol.) 

and concentrated hydrochloric acid (0.96 ml., 1 mol.). The 

dark coloured reection mixture was treated with hot roethanollo 

picric acid (4.6 g. 2 mol.) end the yellow-green benzeplne

djlpicrate (3.8 g. , &8;£) eepsrated. It crystallised froia a ;ueoue 

raethanol in irregul 

Wintering c. 190°).

raethanol in irregular yellow prisms, m.p. 195-6 (decomp., with

Found! G, 38.1; H, 2.9; N, S3.Os 01, 5.8. 

G » 37 * 8 ? H » S» 6 J N » S2' 1 J
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It waa converted to a hydra ted sulphate, by the usual 

method (see XXIX, R*U1; H'^H), which separated from aqueous 

ftthanol in long colourless neediest m.p. 107-115 (decomp. , 

and the solvent a vapors tea. After resolidlflcatlan the 

colourless residue decomposes c. 170-80 ).

Found: loss at 100 in vacuo, 11.9$; on dried material, S, 10*3

°10H12N5C1* H2804 requires, 3, 9. 9%

2-flitro-5-ohloro--N-i8Opropylaniline»

2: 4-Dichloronltrobanzene (8. 4 g. , 1 mol. ) and isop ropy la mine 

(5,2 g. , 2 mol.) in ethanol (20 ml.) were heated to 200 for 

6 hours in a sealed tube. After codling the dark brown 

sludge we a wached out i>,ith water, and the isop ropy laai line 

filtered off. It crystallised from aqueous methanol 

(charcoal) in fine hairlike yellow needles, m.p. 50-1

(8.S g.,

Pound: C, 50. Sj H, 5.5. 

G » 50.3: H, 6.1?.

l-isoPropyl-gf 4-dianiino-8-chloro-l; 3; S-trJH zab.enzepine. 

(XXIX, JM31; R'«l-fr)

g-Nitro-5-chloro-N-JLgopropylaniliiie (6.4 g., 1 mol.) was 

hydro^onated to the diamine in methanol (20 ml.) over Raney 

nickel, and converted into the benzepine dipicrate (17, £ g. f 

31/)» ae with the corresponding 1-ethyl derivative (XXIX, 

R»C1; R'=St), using conooiitreted hydrochloric acid (3.0 rr;l, )
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and sodium dicyanimide (£. 66 g, , 1 mol. ) in water (15 ml. )» 

and picric acid (14,5 g. , 2.1 mol.) in methanol. The 

dipicrate crystallised from ethanol as the ethanolate in 

long thin yellow prisms, m.p. £08-10 (deoomp. after sintering 

at 180C).

Pound: 0, 39.7;) H, 3.4?) N, 20.0: 01, 4.9. 
40. 1) 3. 3: )

C11H14N601' 206H3

C, 39.7; H, 3.3; N, 20. 4j Cl, 4.7#.

Decomposition in £~ethoxyethanol to the auTlphate was 

unsatisfactory, owing to the insolubility of the diplorate, 

but its (11.7 g. ) solution in hot cyclohexanol (30 ml.) on 

treatment with concentrated sulphuric acid (6.0 ml.) in 

ethanol (20 ml.) followed by ether gave a precipitate of the 

sulphate (5.0 g* , 86,) which was washed with ether. It 

crystallised from aqueous ethanol in colourless plates, 

m.p. 175-7 (dec omp. )

Pound: C, 38.2; H, 4. f>j S, 8.9.

CllH 14N5CltH2S04
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Part II. Alloxazines and IsoAlloxezinee.

3-Dimethylamino-p-tolueneBulT>tionenllldef 

3-Nltrodiirethyleniline (15. Z g., 101) was hydrogenated to 

the dlamina in methanol (50 ml.)., filtered from catalyst 

(Raney nickel), and p-toluenesulphonyl chloride (18.5 g.) 

added. The mixture was heated on a steam "bath for 20 

minutes, diluted with water, neutralised with ammonia, and 

the precipitated sulphon&mide collected. It crystallised 

from aqueous ethauol in colourless prisms, m.p. 156 (18 g., 

68$).

Found: G, 62.0; H, 5.8; S, 1C. 7. 

C15R18°2H2S r9Qulres » G » 62,1; H, 6.2; S, 11.0,.

3~Dimeth.ylemlno~/5»diethylaminoethyl8nillne (XKXVI, R»H). 

^-Chloroethyldiethylamine (4.2 g., 1 mol.) and 3-dimethy- 

lamino-p-tolueneenlrhonanllide (9.0 g., 1 mol.) were added to 

u solution of sodium (0,72 g., 1 mol.) in ethanol (50 ml.). 

after refluxing on a steam both for 6 hours the solvent was 

evaporated, the residue treated with water, and extracted 

with chloroform. Evaporation of the extract t,;jve the 

aIky1 ted sulphonamide as an oil, which failed to solidify 

or form crystalline derivatives* It was therefore hydrolysed 

with diluted sulphuric acid (lOOg., of 94$) at room 

temperature. After 20 hours the brown solution was diluted 

with ice water, basified, the amlne collected with ether and 

distilled. It was a very pale yellow oil, b.r. 115-7°
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(bath temperature)/0.03 mm. (4.45 g. , 617).

Pound! C, 71.5; H, 10.7.

U 14H25N3 requires, C, 71, o; H, 10.6',*:.,

V

The jnong~piorate separated from aqueous ethanol in very 

deep red prisms, m.p. 133

Found: C, 51.4; II, 6*1; N, 18.6. 

°14HgSw3« c6H3°7N3 retires, J, 51.7; H, 6.0; N, 18. If,.

The di«>pi crate separated from ethanol SB a microcrystalline 

yellow powder, m.p. 143-4 (decomp. ).

Pound: C, 44. 9 f H, 4.fi.

C » 4S'°? H » *•&*'

5;4~i)initro~r'I-»din!«9thylunlllne.

The nitration of S-nitro-rJirnethylanilirie with nitrous acid, 

according to the cUroctioas of Hod^son and Smith (108) g&ve 

only 26> of the desired dinitro compound "ith ^j^ntities of 

3-nltro-N-.dtroHO-i?-methylwniliae. Direct nitration, 

mentioned by these authors ^nd used nnch eyrlier (109) 

proved rmach better. The <j 'r,lne (4.0 g. ), finely powdered, 

WHS added slowly to dilute nitric ccid CBO tr]., ^0;.-'). After' 

vigoroiiely chaking for 10 r,inute« the ^ixt'ir" '?•-.* diluted with 

wnter ( r^OO ml.), the precipitate collected ^n-3 dissolved in 

boiling n-propnnol. On cooling, 3:4-diiitroair^thylaniline 

separated in yellow needle-, rn.p. 178-^° (p. 07 g. , 41f).
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Dilution of the mother liquor with viator precipitated 
Si 5~dlnitrodlmethylanlllne, eryetellising from ethanol
in ao&rlat prisrr.e, (0.7 g. , 14?0 ffi,p« 112

?5i 4-Dlnitrodimethjrlaniline (5,84 g. , 1 «ol, ) ,(? diethy lamlno- 

ethylsmiae (3. P g. f 1.5 aiol. ) and fused sodium acetate 

(4 g. ) were heated in an oil "buth when e vigorous 

reaction bcourrad. After 6 hours at 140-60 the mixture 

was cooled* die solved In dilute ooid and extracted with 

ether to rem ve uiireuoted ultra coirp uiid. The aqueous 

eolxttioa ras baoified, the precipitated nitroft«mina. a

pale brown oil, being collected with ether and distilled, 

T3.P. 195-20S (bath tempera turo)/0. 1 ma, (5.9 g. , 77%). 

On standing it solidified in yellow-brown rrlsma, m. p.

Pound: R t 20.3.
*7 T> r\f-i, .: V,'. \) .

The pior&tjg a.'pssreted from ethanol in yellow diamond 
uhaped plates, nup. 171 (daoomp, }*

Found: C, iO.O; H, 6.4; H, 18.6. 

c » 47, Ij K, 5.3j R, 19, 3%

T-gittttt hylamino-g-P "di et hy lap ••iaoe t h;/ l~_i g on 1 1 ox ajsinq ( XXXVI J) 
i). (to mixias hot solutions of o-ciw-ctv^'l
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"«tminoethylanillhe (2, 75 g, , 1 rool. ) In ethanol (10 ml*} 

i-nd of vloluric acid (1.34 g. , 1 mol,) In «&ter-»{80 ml,) 

a purple colour* rapidly changing to, crimson, developed, 

After ono hour on a steam bath the solution was avgporated 
to dryneas under reduced pressure, the residual isoalloxazine 
violurste boiled with ath^nol (SO ml. )t end after eooling 
collected (8*35 g. , 69% calculated on the violurie acid, 
HUP. 265° doooK5>. ). The tetrahydrate separated from ita 
deep crimson water solution in red-b*ovm hair like needles, 

which cmah to a crimson powder, m.:. 265 (dooon$>*)«

Found: C, 45*4: 'I, 5.7; N, 2S.4,

^
Pound, after drying at ISO in vacuo:

°18Hg4°jgIr6» G41I304W3« 4H S0 ^«<lulr®S C, 45.1; H, 6,0; N, 21.
^

at ISO in vacuo:

loss, 10.8$, 0, ,30.ot H, 6,3; N, 84,3,

^He0 Pe(l«lreB,

loss, 10.8"% C, 50. Sj R, 5.4? H, S5.X2 

t 150 in vacno: 

loss, 11,6"*, a, 51. Ij H, 5. G.

Pound, after drying at 150 in vacno:

1988, 12. ;z. , C, Ol.o; H,

The hydrated hydrochloric! e. which was :,urifi';d oy precipitation 

with ether from methanolic hydrogen chloride, wae a bright 

red micro-crystalline powder, very soluble in water, m.p,
0 

£90 (decomp. ),
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Found, after drying at 100 In vseuo:
C, 53.0; H, 6.5; N, 19.8, 01, 8.3.

0, 52.6; H, 6.6; N, 20.5; 01, B.T*.

nicrata separated from a-;ueo"s ethanol in dull red 

microscopic needles, m.p. 242° (decomp.). 

Found, on a sample dried at 120 in vacuo:

C, 43.9; H, 4.9; N, 21.2. 

C l8H 240 £H6* a6iJ307W3 requires, 0, 49.2: H, 4.6; N, 21.6$.

ii). g-Nitro-u-ditnethylaffiino-^-dlethylaralnoetliylaniline 

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

over pallsdised charcoal catalyst, and the filtered solution 

of the t®tr i-amine added to warm acetic acid (30 ml.) contain- 

Ing alloxin monohydr-te (0.6 g,, 1.17 mol.) end boric acid 

(0.9 g. ). A de-3p oryngo red colour developed, and after 

30 minutes at 60 the solution v;as evaporated to dryness In 

vacuo. The residue was dissolved in hot water (15 ml.), 

filtered *nd neutralised with dilute sodinr hydroxide when 

the jUo^ 11 ox..;•:iu..9_o a• •'ar<*tQd on cooling the deep red solution 

(0.47 ei*» 41, ), rri.p. 278 (decortip.). It was purified by 

dissolving in dilute sodium hydroxide, acidifying with 

acetic acid and neutralising with aqueous sodium carbonate,

when c r^ine hairlike nosdlea of the monohydr^te separated, 
, 0 / 0 \

Pound: C, u7.5; II, 6.8; N, 23.0. 
J 18H 24°2N6' H 2° re ^ ir>©B, C, 57.8; H, 7.0; N, fp.



Pound, after drying at £00 In vucuo, (no loss at 150 );

lose, 2.37", C, 59.3; H, 6.5. 

C 18H8408W6**H g° raQUires, IOBB, £.41#f C. 59. P; H, 6.8f.

The piorate had m.p. 242 (decomp.), undepressedby 
addition of n sample from "i".

Found: C, 43.6; H, 4.8; N, 21.91. 
The violurate had oup. 264° (decomp.), undepressed by 
addition of a sarrple from "i", 

Found, on a sample dried at 120 in vsouo;

loss, 10. $,?,, 0, 50.4; H, 5.5.'/.

7~Dimeth^l.;Mnoallpxa2in_e (XL).

3-Nitrodimethylaniline (1.0 g., 1 mol) in ethynol (20 ml.) 

was hydrogensted to the dlamina over Raney nickel, and the 

filtered liquid added to a hot aqueous (10 ml.) solution of 

violuric acid (0.95 g., 1 mol.). The purple mixture, 

which rapidly went crimson, was ooiled for one hour; the 

dark red solid (1.03 g., 65.5?) which separated was 

collected next day and wbthed with water and ethanol. The 

alloxazine was purified by dissolving in hot a<;ueou8 

rnethanol containing sodium hydroxide (1?/0 and was 

precipitated by the addition of dilute hydrochloric acid 

to the boiling deep red solution. If the solution is not 

boiling during the precipitation & &el is formed. The 

orange-red powder then h-;<d m.p. ?iuo~7 (decomp.).



Pound, on a sample dried at 120 In vacuo: ,

0, 63.7;1 H, 4.3;}. H, 26.9.
54. 2; J 4.7{i 26.7.

C12HnOgW5. ^HgO requires C, 54.1; H, 4.5; N, 26.3?.

The u. v, spectrum (p 3Q, curve 1) w&a examined in 

IJ/20 a-^uaoue sodium hydroxide.

The eodlo derivative separated in microscopic brick 

red pritmB on cooling the slksll (!>/) solution of the 

alloxazine.

Pound, after drying &t 120 in vacuo: G, 50.2; H, 4.2. 

C, 0H1rO,U-Na. ;n,,0 requires, 0, 50.0; H, 3.89fc.
Jit, Aw <- o <c

3-Methylamino-M-dimeth.vlaniline.

3-l)imethylamino-p-toltiene8ulphonamide (4.0 g. , 1 mol. ) and 

methyl Iodide (T.O .3., 1 mol.) were added to a solution of 

sodium (0.32 g. , 1 mol.) in ethanol (SO ml.) and the 

mixture refluxed for 7 hours. After evaporation of the 

alcohol the residue was treated with water. An oil 

separated, but solidified on treatment with dilute 

hydrochloric acid. The solid, 3~( u-tolueiiosulphon- 

methylamido)-N-dimethylanilinQ hydriodide (4.3 g. , 72$) 

crystallised from water in short colourless needles, 

m.p, 16-.° (decornp. ).

Found: 0, 44.6; H, o.O; I, 28, £. 

HI retiree J, 41.4; H, 4.9; I, SO. 4T.

\tt€mpts to prepare a solid free bnse or picrnte failed,
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the hydriOfUde (5.85 g. ) w^s hydrolyaed by dissolving 

in sulphuric acid (15 ml,, 9C$), A vigorous reaction 

took place and after 24 hours the deep "blue solution was 

diluted with ice water, filtered from iodine, "bntsified, and 

tha 3-reathylaBiino-N-diaethylaniline collected with ether, 

It was a colourless oil, (0,7 g, , fig?--)* and wae characterised 

se the difricrate whio.h separated from alcoholic picric acid 

in yellow-brown prisme, ns»p« lf-40 (decon^p, },

Found: C, 41*4; H, S.6. 

0 9 H14M2' IB06H307K3 r« uiree, 0, 41,4; Ht 3. 3?i.

7rJpimethylc1 mino«-9-nTeth.yl-

(0.-1.-& 0-, , 1 mol« ) in ethanol

(5 ::il, } A'Vi« added to a hot ooncontrv.ted aqueous solution of 

violuric aaia (0,47 j. , 1 mol, ),and the purple mixture 

heated on o et^rfbMth for 1' hours. The colour rapidly 

chtii^-jd to crlrieou, the i spa lloxa g ine precipitated, and 

next day it was collected and washed with water and 

ethanol (0.50 g., 7-1 ')• I* dissolved in hot dilute 

aqueous sodium hydroxide to give a deep red eolution. 

On neutralisation with hot diTite hydrochloric acid the 

.L&galloys^ine r.er i-r-ited Tlcroscopic "brick reel ueedles, 

r-., p, 300° ( d ;C ora. . ) .
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Pound cm ?, sample dried at 1EO° In VPCUOI

Found? 0, 67.6;: H, 5,1: H, 85,8 

0, b?.6; H, 4»8j M, £5.8

The xi. v, p'b'm&rptlon spectrum in N/7 aqueous sodium 

. hydroxide le ghown-on p^» curve 2.

Condensation of 3">affiino«''TO>thylanillne with v 

3-Nitro-n»thylaniline (2.0 g. , 1 mol. ) was hydrogeneted to 

the di«(tiine in moth^nol (20 ml., Runey nickel), and

filtered into a "boiling solution of wioluric acid. •*
(2.07 t> , 1 mol.) in water (20 r.l. ), The mixture, which 

rapidly darkened, deposited a red-brovMi e;olld, and was 

kept on a sleembath for one hour. The solid was washed 

out with water and collected (2.06 g. , 93£), m»p. SSo-7 

(decorrp. ). It dleeolvad almoet con^letely in hot 1^£. 

ernsous sodium hydroxide tc give a f^eep red eolation, 

from which it V?MF preclpltste/3 In on ^nrphoua condition 

by the addition of hot dilute hydrochloric nnld. After 

severnl repetition*? thle r rocese gsve e red-brown solid, 

tn,p. S40~5V (decotm . •.

Pound, jfter drying at 1£0° in

Found} U, 52.4; H, 4^1 j N, 27. 2.

g » &2» ']-' H » i-O? H, ?7

The u. v. absorption of thl« compound (p3l curve 5) was



examined In N/10 aqueous sodium hydroxide.

The crude reaction product (0*3 g. ) was extracted 

three times with 'boiling N/aquaoua hydroohlorlo aold 

(70, 30, and 20 ml. respectively). The last extract 

was almost colourless, and the insoluble residue 

(0.055 g, , 18??.} oollacted. It dissolved completely in 

lf^ aqueous alkali, and after several precipitations with 

dilute hydrochloric acid was obtained as an orange red 

powder, lighter in colour than the original material, 

blackening 352-5 . From its u.v. .ibsorption spectrum

in ?I/10 ayueous alkali (pil curva 4) it ia baliered to 

consist of 7-me thyl-amlnoa 1 lox u a ine.

Founds 0, 47.1; H, 4.8; N f 24.4. 

C11H902H5. 2HgO retires, C, 47.??; H, 1.7; N, 25. U.

Found, after drying at lco° In vac-io,

Pound: loss, 9. r, G, ST. •!•; H, 3,9. 

G 11H902N5*?H2° retires loss, 9.7;', C, j'Vl; 11, -I. Cft

A furth ;r '.v^-rple of the cr^r'o re r ction product 

(0.? j. } was >li8L'Olved in diluted sulphuric ycid 

(4 ml., of 70;'') by gentle wfai' ; Iri;.-;, -^nd after cooling to
p

0" was trsoted with 10; a^ueoub cOdiupi nitrite (l rrl.), 

disregarding the a=lt wiiich prsci; itat«d on coolinj, 

After about 15 minutes the rlxture w;.ic diluted with 

water ( feb nl. } , -jn,3, the 7-jj~^ii t rogo-rr-athy l ! »rrlno?-:llo:<cj ̂  

collected. It was washed with w;a ter till the washings
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ware free from 30^", than with etlrmol, mtf dried at room 

temperature in vaouo. It WRS a yellow povrder (0.08 g, ,
'"i

37. ?*'), blackening e. ^00^ anrt slowly decomposing «"bove 

this terriijers'ure.

Found: C, 46.4; H, 3.3: H t 26.8. 

G 11H8°3 "6*^H8° requires 0, 46.9; H, 3. S; W, 29.9^.
*"*!

Found, after drying at IfcO In vaouo, 'J, 19. 4; H, ^.

G 11H8°3N6 re ^Ulre8 » '•*• 48. L.; H, 8.

The filtrate, and aqueous v.t-'ehlngs, from this substance 

were added to a solution of p-nei hthol (0. it: g. ) in aqueous 

Sodium hydroxide (30 n 1. , of 1&^!)» -^ gftcr a short time 

the de<3p purple mixture was neutralised vvith ucotic ycld. 

The pT»fJcinit;it,ed p_v o-c omp ound (0.15 3., 41. 9>) t a deep
Qgreen po-vr'i?r IT. _•:. 310 (<?ooonrj. ), w-is washed with

w&ter till free rro:r. - 0 ; ", •mt'? then with eth»aol. It 

diasolvsd in dilute ^l^nli to give « purple solution. 

Found, after dry in.,- in v= cuo at roont tenperature:

J, 56.1; H, 4. P: N, 17.9. 

J fil H liC S l< 6' 3H £° re uires, J, 0^.7; H, 4.4; ,'i, 16.6/o.

Found, -,ft9r drying .t 150 in vacuo:

iosa, 8.04, U, 60.1; H, 3.8. 

CgjH^Ng.H^O i-a/iulreo, loss, T.Pfl. , U, r,0.6; H, 3.8,'

7-Arninoalloxa r-',ine (0. r £a ) wcr dii -otioed under 

exactly the same condition!-, <and a clear solution of the 

s«lt ?,aa obtained. It g- Wi, with airline
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£-naphthol» a deep olive green azo-ft-naphthol derivative 

(0.23 g., 62.755), m.p. 336-8 (decomp., after sintering 

o. 275 ), which dissolved in alkali to give a red solution.

Pounds C, 57.4j Hf 4.0; N, 19.1. 

^20H12°3N6* 2H2*') requires, C, 67.1; H, 3.8: N, 20. OJ£.

Found, after drying at 120° in vacuo:

Poundt lose, 7.36$; C, 61.0; H, 3.3. 

^20^12°3N6*^H2^ requires, loss, 6.43; C, 61.1; H, 3.3*.

If the amino-alloxazine and amlno-leoalloxazlne are 

converted into their azo dyes in the same yields, it 

follows that this method of analysis gives:-

Alloxazine 37.?; 
iaoAlloxazine 66.69?.

S«jyitro~p~toluene8ulphQn-(^--dlethylamlnQethyl)-anlllde.

Sodemide (1.47 g., 1.1 mol.) was adden, ov?r 15 

minutes (c. f. aislato, 112) to a solution of 3-nitro-£- 

tolueneaulphonanilide (10.0 g., 1 mol.) and p-ehloroothyl-- 

diethylamine (5.1 g., 1 mol.) in toluene (200 ml.) with 

vigorous stirring. The mixture was then he.-.ted to 100° 

(1 hour), kept at 100 (3 hours) and refluxed for 1 further 

hour. After filtering the toluene was extracted with hot 

dilute hydrochloric acid (200 ml. 5 ), and on cooling the 

extract deposited the aikyluted sulphonymide hydrochloride 

(10 g., fi8;»)» which crystallised from woter in colourless 

needles, rru r • 182 .

Pound: Q •-, •,. „ - A w. -j-j, x, n, o. u.
.,3. HC1 re 'ilres, C, 53.^; K, 6.1 .
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The plcrate separated from ayueous ethanol In 

hexagonal yellow tablets* ra.p. 156-7° 

Found, after drying at 116 In vacuo:

C, 48.0; H, 4*5; 3,5.0. 

G19He604N38« 06H3°7N3 requires, C, 48.4; H, 4.5; 3,5.2f.

3-Nltro-g-diethylaminoethylaniline.

i) The above sulphonamide hydrochlorlde (6.0 g.) was 

dissolved in diluted sulphuric aold (55 ml. of 9S£), and 

after 18 hours the mixture was poured onto ioe and baalfied. 

The liberated nitroamine waa collected with ether, and 

distilled as an orange-red oil, b.p. 125-30 (bath 

temperature)/©.05 mm. (2.5 g., 75%).

Found: C, 61.1; H, 8.0. 

°12H19°2N3 ^S'juires, C, 60.7; H, 8. Of.

The piorate separated from aeneous ethanol in orange prisms,
0 

rn. p. 151-2 ,

Pound: G, 46.5; H, 4.8. 

G 12H1902N3* G6H3°7N3 requires, G » 46.4; H, 4.7?.

ii). 3-rtitro-p-toluenesulphonanlllde (10.0 g. ) and 

3 -chloroethyldlethylamina (4.64 g.) were refluxed with a
\

solution of sodium (C.79 g.) in ethanol (100 ml.) for 6 

hours. The solvent was evaporated, and the residual 

material hydrolyeed and worked up as in "1". 3-Nitro-^- 

diethylarainoethylaniline was obtained as a deep red oil,
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b.p. 125-30 (bath temperature)/0.03 mm. (6*06 g., 68% ), 

and oharaeteriaad a a the plorate,m,p. and mixed m,p. 151.

A specimen of this nltro-amine (1,5 g.) was 

hydrogensted to the trlamine (Raney nickel) In methanol 

(30 ml.), the filtered solution added to vlolurlc aold 

(2.0 g.) In water (10 ml,) and the mixture heated on a 

steambath for 50 minutes* On cooling a reo-brown solid 

(1.6 3. b2\ m,p. 890 (decomp.), was obtained, which 

dissolved In aqueous ethanol to give a yellow solution 

with a green fluorescence, very like that of the 5-amino- 

methylanlline-violurie acid condensate. It crystallised 

from water as a brick red powder with a &r ven lustre, 

"".p. 300 decorap), and consisted of a ylolurate. probably 

of 7-amlno~9-g-dlethylamlnoethyl"-laioalloxazlne and/or 

the isomerlc alloxazine, but ite constitution was not 

definitely ascertained. 

Pound, after drying at 120 in vacuo:

C, 49.6;) H, 5.2;) H, 25.6.
49. :5;j U e;J

c l6H 20°2N6« a4H3°4II3 reguires, C, 49.5;: H, 4.7; N, 26.0/.

6; 7-Dlmethoxyalloxazlne.

1). i: 5-Dinitro-veratrola (1.08 ^.) was hydrogenated 

(Raney nlckal) to the dla^ine in n^thanol (20 ml.), 

filtered into concentr ited hydrochloric acid (."5 ml.) and 

the solution boiled with aquoo-is silo): .n (0.9 %, in L rl.) 

for 15 minutes. The yellow allox-^lne (O.tr.v.,
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separated from the aolution, after cooling was collected 
and washed with eth'?nol. It dissolved in warm lj? squeoue 
sodium hydroxide giving a yellow solution with a 'brilliant 
green fluoro G :acc xir,d :r u,v. light, and wae precipitated 
by the addition of hot dilute hydroohloric acid. If the 
mixture is not kept boiling duri:.g the precipitation the 
allo/ tizino separates as a gal. The product, >fter A

reprecipitationst eep -rated aa a yellow ees iUihydrate,
0 0m. : •. .3*5-55 (decomp. i brown fumes evolved at c S70 ),

Found: C, 48.2; Ji, 4. P; N, 18,4. 

C 12H10°4N4'1 ^T £0 r* uiree, C, 17.8; II, 4.3; N, 18.6^.

p It lost v;.it®r slowly at 150" iu v cuo,

Pounds C, ol*7: H, 4,0. 

G 1PH £Q°4N4' re ulrea, G, 5^.6; H, 3.7.

The intense r^d solution in coriceritr tad sulj-h^ric ncid 
rerained cle.'«r on heating, -.nc: the u. v. ah.--or>-,-tion ~ ectrum 

is rocord 3d on par;e 10$

ii). 4-Witrov^r trole (2.0 C3 . ) w^s hydi-o.-^JiUitod (R^ney 

nickel) in dio;;ana ( 1<; ml,), ;.-.nd the arnine obtained by 

flltr tion und ev^yor^tion to drynea^ di solved in uc^tic 

acid (15 ml,), Violuric ^cid (1.7k ,,% ) wcs then added, 

t.infl the mixture reflitxed for 10 houro. The d^ric ; sroon 

preci itate (0.34 g. ) was sorfir-ted from the blue-block 

solution, and purified throu h nl^li (using Ghnwonl]
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as In "1". The product was a yellow-brown powder, m. p.

8S5~6 (decoinp, bl.MckMrm o, 300 ) dissolving In cola

concentrated sulph :rlc .^eld to givs sn intense red solution,

which charred slightly on heating.

Pound, after drying at 160 in vacua: C, 5fc. 6; H, 4.1.

Found (undried> «• 16. 4#.

The u.v. spectrum is recorded on $•• 10A. **A 1O3.

iii). The amine and violuric ecid (same '-iucintities HB in 

w li") in aqueous solution (15 ml.) were heated on « ateam 

b-ith for 7 hours* The solution \vorit blua-bl^ck, ?mc? sfter 

cooling the precipitate (1.5 g. ) was collected nnd purified 

throu-'h alkali (chr.rcosl)- giving e yellow powder (0. 3f. g. )

which was rediasolved snd precir iteted r.--,ny times. The
0 

, i yello T powder n. T. 34C (decomp. ), did not analyse

for the

Pound: G, 60.5; TT, C-. 3; N, 8. 8£

It gave t» ff.-int rea colour in cole! couceiitr .ted uu 

ucid -nci charred b^c'ly on heatiiu.

The u.v. spectra of tne product e of thoee three 

experiments, v-sre ox.- joined in :/10 alkali: - 

jowound fror "J." , "IT1 M iJl r 

-* f -iri3X. X-n'^y.

£.£00
£600
^50G
1150

/"*•/"* f -*\f*
f L/' '\jw
26100
7150
10400

froo
P!:00

- 7500
4050

^^900
26 POO

-^0^0-
8700

F300
C810
_ — ._
UbO

T7000
1SOOO
—«.—«.

9.'TO
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Compound from "JL" "11?

X-min« C-min. Vmin. £-mln.

3000 2090 5000 8500

is the value of £at 3500AI no extinction maximum was 

apparent in the curve at this wavelength.

These results confirm that the products from "1" and 

"11" are identical, and show that if the main constituent 

of the product from "ill" has no absorption at 4100?. it 

contains about 9% of the alloxazine,
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Part III* Benzimlnazole

i)« g-Fhenylene diamine (0, 54 g«, 1 mol. ) and phenylaeetlmlno- 

nvthjrl ether (0,75 g», 1.1 mol*) were refluxed in methanol 

(3 ml,) for one Hour, No ammonia could toe smelt, and no 

solid eeparated on standing overnight, even on seeding with 

benzimlnazole. Further refluxlng (6 houra) after the 

addition of a oryatal of iminoether hydroohloride oaused 

the slow evolution of ammonia* Water we a added, and the 

resulting preoipitate crystallised from ethanol, 0.27 g 

(26^), nup. 186 not depressed by addition of pura 

S-oenssylbenziminn zole.

11). The diamine (0. 63 g. , 1 raol. ) and iminoether (0.87 g. , 

1. 1 aol. ) were heated together in an oil bath without a 

solvent* Ammonia began to come off at 115 , and rapidly at 

135-40 , After £vr hours at 1JXM50 the mixture was cooled • 

and the black mass cryatalliaed from aqueous ethanol (charcoal) 

giving the benziminazole as a dark brown solid, m.p. 183-4 

(0.35 g. , 36^, mixed m.p. 186-7°)

ill). Cold solutions of the diamine (2.16 g. , 1 mol.) and 

pheny lac etinlnor/iethy lather hydrochloric! a (?,. 71 g. , 3 mol.)

in methanol (8 ml, >nd 4 ml. respectively) boiled when 

mixed and u.-cnonium chloride separ-Bted. after a few minutes

the mixture was pouraa into %vater (100 ml.), and the
' 0 precipitate of g-benzylbenzimlna^ole collected, rn.p. 189
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(3,6 g. , 64$) • It crystallised from aqueous ethanol in
0 colourless needlea, in. p. 19.1 (found after drying at

I00°/yaouoi
C, CO. 6; Hf 5.8.

Gale, for CKK Cf 80,3; H,

A mixture of tne dlamine (1*08 g. , 1 mol. )» hydrogen 

ohloride (0,37 g. , X mol.) and phenylacetimlnoiaethylether 

hydroohloride (1. B6 g, , 1 mol.) In methanol (6 ml. ) were 

refluxed for one hour, poured into water (60 ml.), neutralised, 

and the colourleaa 2-benzylbenzimlnazole oollectea, nup. 190 

(1,65 g., 79?K)

T). Suepensions of the d lamina dlhydroohloride (1*81 g. , 

1 mol, ) and the iminoether hydrochloride ( 1. 86 g. , 1 mol. ) in 

methanol (11 ml, and 3 ml, respectively) were irliced. No 

apparent heating effeet occurred. After SO hours the 

mixture was poured into water (50 ml,) and the benziminazole 

worked up as before* m.p. 185-6° (0.85 g. , 41$£),

vi). A repetition of "v" using & total of 12 ml, of 

methanol, but refluxing the reaction mixture for one hour 

gave 1,1 g. , (63Jo) of benziminazole, m,p, 188-9°. Longer 

refluxing failed to improve the yield.

vii). Solutions of o-ph«nyl«ne aismin© (2,16 g. , 1 mol.) 

and phenylacetitr.lnothiobensylether hydrochlorlde (5.56 g. , 

1 mol,) in raethanol (8 ml. • nd. G < ,1. ) vrere mixed. A strong
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smell of benzyl thlol rapidly developed, very little heat 
was evolved, and after £0 minutes the ixture, now con­ 
taining * 8 «11 ;>recipltate, was poured Into water (J560 ml.) 
containing oorce concentrated hydrochloric sold (20 ml,). 
The mercuptun was removed with ether, the aqueous solution 
neutralised and the benzylbensiminazole collectad, ^.p. 
187-8° (3.0 g., 7SJT).

viii). A mixture of the thioiminoether hydrochlorlde 
(i. 70 g., 1 rool.) and .o-phenylenediwr ine dihydrochlorlde 
(1.81 g., 1 inol.) in meth nol (10 ml.) was left for 16 hours, 
poured into water, and the banzylbongimlnazole worked up ae 
in "vii", n.p. 187° (0.88 g., 4Cy ).

1: g~Dimethylbenzirrlnaaole.

^ceti^inowethylether Ilydrochloride (0.655 3., 1 mol.) was 
ydded to a solution of £->jmino-N-.m0thylamlllne (0.73 g., 
1 mol.) in dry methanol (£ ml.). A vigorous reaction took 
1 1&Q69 the rlxture boilad, and a yellow precinit.te formed. 
\fter ^ few minutes the mixture was ^onred into water 
(30 nl.), the buff coloured precipitate (ni. p. 66-0 ) betnf? 
collected and dried, m.p. 111-2 (0.5? g., 6O>'). (ihiilips, 
1^0, -ivea IT«. . 60 for the trihydrate, and n. p. n?° for 
the nhydrous compound.)

The picrat® ac^ crated from a^u^ous ethfanol in .:h">rt
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yellow needles, m.o. 243 (decomp. ) Phillipe, ISO, gives 

m.p. 288°.

Pound: G, 43.4; H, 3.4. 

Oalc, for C9H10Ng.C6H307N5 , C, 48.0; H, 3.51,:.

The yield of product was not decreased by using methanol 

containing 3?? of water in the condonsation.

gr&.ethylbenziirluagole.

A mixture of £-phenylene dlamine (1.08 g. ) and acetimino- 

methylether hydrochloride (1. 1 g. ) in methanol ( 5ml.) 

were warmed on a steam bath for 10 minutes, diluted with 

water and the colourless precipitate of 2-raethylbenzlrain-

azole collected (1.2 g. , 91f), m,p. 175-6° (Fhillips, 118,
0. 

gives nup. 176 ).

It was characterised as the pic rate, which separated 

from sthan^l in long thin yellow prisms, n. p. 811-2 . 

(Fhilllps, 120, gives nup. 248°)

Pound: C, 46.6; H, 3.0. 

Oalc. for C8H8N2.G6H307N5 G, 46.5; H, 3,0^'.

i). This waa similarly prepared from phenylacetimino- 

methylether hydrochlorid« (0.365 g. , 1 mol. ) and N-methyl- 

o-phenylenediarine (0.24 g. , 1 mol. 1) in methanol (2 mlj.). 

It separated as a p&le yellow oil when the reaction mixture 

was poured into water. It wa? collected with ether and
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characterised as the picrate. which separated from aqueous

dioxane in yellow-brown dodecahedrn, m.p. 249 (decomp.)
* > 

Pound: G, 55.7; H, 3.7; H, 15.9.

°l5Hl4N 2.06H 307H3reqxiires G, 55.9} II, 3.8j H, 15. 5&.

The diamine, from the catalytic hydrogenat ion (Raney 

nickel of g-nitro-N-methylaniline (3. 54 g. , 1 mol. ) In 

methanoi (SI ml.) was filtered onto phenylaceti^inothio- 

hensylether hydrochloride (6.46 g. , 1 mol.). Benzyl 

mercaptan was instantly liberated, end after 2 hours the 

mixture was diluted with water ( ?OO ml.), acidified strongly 

snci the mere ptsn removed with ether. The agueous solution 

was neutralised with sodium carbonate end the liberated oil 

collected with :ther and distilled. The b ens imina solg 

(3.4 -j. » 6G50 distilled as u yellow oil, b.p. 844-8°/18 mm., 

which slowly nolifnfiea, m.p. 69-70°. After several

it 8epar:;> -ed, fro?n cyclohex.Niie, in

r-r, v-rie-nc, n.]?. 77-8°

Found: 0, 80.8; H, 6. P. 

C, 81.1; !", 6. P; .

The plcr^te h'.d rn. v. ^45 (deconTp. ) «n«1 "-,1x*»ci "". p. (with 

th»t from "i") ?47° (decomp.)

g-M.et hy Iben ZOXB zole.

i). a mixture of £-urninophenol (2. b g. , 1 mol.) and acetimino- 

methylether hydrochloride (£.6 £• » 1 mol.) in dry methanol 

(10 ml. j *ae heated on a boiling waterbath for
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30 minutes. After the addition of water containing a 

little sodium carbonate to the semisolld sludge, the 

benzoxazole was collected with ether and distilled, 

b.p. 203-8 (2,38 g., 78$)• It was: obtained as a 

colourless oil, which rapidly turned red on standing, and 

was characterised BB the r>lorate which separated from

ethanol in yellow prisms, nup, 117-7f .
* % Found: C, 46.31; H, £.6; R, 15.2.

• a' r\- , ( *

CgH7ON.CgH507N5 requires C, 46.4; H, 2.8; N, 15.6#. 

V/ager, 48, gives m.p. 117-8° but no analysis.

11). A email rise In temperature was noted whan the 

iminoethsr hydrochlorida (1.95 g., 1 mol,) and 5-aminophenol 

(1.95 g., 1 mol.) were mixed, in dry methanol (5 ml,). 

After two hours at room temperature the mixture was worked 

up as before, giving 0.7 g. (30.) of tho benzoxazole, 

b.p. £00-210°.
i

ill). Acetiminothiobensylether hydrochlorlde (2.15 g.,
1 mol.) and o-amlnophenol (1,15 g., 1 mol.) in ethanol
(5 ml.) were heated on a boiling waterbath for 20 minutes,
cooled,and filtered from the ammonium chloride precipitate.
Picric acid (2.4 g., 1 mol.) was added to the heated filtrate
and the benzoxaf.ole ricrate Reported on cooling, m.p. and

jrlxed rn.p. 117-7|° (1.95 g,, 51,).
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——hloroben2lininoaole

(XL IV,

*)• y-Diethylaminopropyl-2-nltro—4-chloroanillne (2.02 g. , 

1 nol., prepared according to King and Acheson, 103), was 

hydrogenated to the triamlne in methanol (15 ml., Reney 

nickel cutelyst), filtered Into concentrated hydrochloric 

acid (3 ml.) and evaporated to dryness in vaeuo. The 

residual oil was reflnxed with glacial scetie acid (0.75 nl., 

1.9 mol.) in 4N hydrochloric jcid (If.5 ail.) for £ hours 

(c.f, rhilll-s, 118), the deep red solution basifled and the 

bengjmlnazole collected with ethar. It was a thick yellow 

oil, b.p. 160-4 (bath tarnperature)/0.14 mm., solidifying 

in long neadlee, r.p. 53-4 (1. i5 g., 79?')

Found: 3, 64.1; H, 7.9; N, 15.3. 

C15H£PN3C1 r«yuires C, 64,4j H, 7,9; N, 15.0?.

The monopici'ate serrated fron-j ethanol in very small 

yellow needles, m.p. 165 * !(3o good analyses were obtained 

for this compound owing to its tendency to disproportionate 

into the free base and the much less soluble dipicrate.

The dipicr te separated from o^uaoue ethanol in brown 

diamond shaped plates, v/ith a green lustre, »i.p. S39° (decomp.).

Pound: C, 42.6: H, 4.1; N, 17.3: Cl,4. 

cJ lbIig£K3Cl, aJ-JIgO^.j requires C, 43.9; H, 3.8; N,17.1: Cl,4,8|

li). The nitroaminQ (1.27 g., I mol.) was catelytic^lly
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hydroganated, as before, In methanol (10 ml.) and filtered 

onto acetiminomethylethar hydrochlorlde (0.49 g. , 1 mol. ). 

The u.ixtura darkened In colour, a preeijltute soon formed, 

after 4£ hours It wee oollectea (0.84 g. , ro.p. 200 ,

(Identical results were obtained when the mixture 

was boiled vigorously for 90 minutes § and cooled). The 

filtrate wus evaporated down, but no solid separated. It 

wee than baeified uith aqueous alkfali, the resulting dark 

oil being collected ^ith ether end distilled, b.p. 166-70 

/0. 15 nun. (bath tampers tures)(0. 25 g« ). The product, a 

1 ale yellow oil, did not solidify on seeding with 

be^imiii^zolo, ^no analysis indicated :> mixture (Pound: 

C, 6£. ?; H, 6. ?;). Treatment with one equivalent of 

alcoholic picric aci<2 ejave & red semifcoliu precipitate, a

mixture of picr^tes, from which ^.-omo

m.p. , and ;7iixe<3 n-.p. ^37 (deeo^P*) wt>B ibol* ted by

frsctlonation from aqueous alcdhol. Tre-tment of a further 

portion of the oil with alcoholic picrolonlo acid gave a 

precipitate, from ¥;binh the ^••3nzir.iine r:ol«5 _d i r> io.rolona t g 

wss obt^iiied in ye HOT; pri^M-. \>y crystal lio«i ion from 

ethunol, m. p. £55-6 (u-?cor,,p. )

i'suufl: 0, sr.l; H, L. 7; 01, 4.6. 

5ff tt-a^K 3Cl. ^ 10H80 0I<' 4 r^sjuirea C, lir.C; M, 4.7; 01, 4.4>.

The solid compound, m.p. £00°, cryetallieed from methanol 

in colourless prisms, m.p. 204 , and snylysed for the 

•j mi dine hy(j|pechloride (XLKI)
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Pounds 0,53.8: R, 7.9; 01, 21.6; N, 15.
I f-

Gl5HggH4Cl.HCl requires 0,54.0; H, 7.8; 01, 21.3; N, 16.85?.

This compound gave no amnonia with hot or cold alkali, and 

contained ionised halogen. The free "base, obtained by 

basifying the aqueous hydroohloride and collecting with 

ethor, was a pale yellow oil, b.p. 160 /O, 2 mm. (bath 

temperature).

Found: N, 17.7. 

G15H25K4C1 requires N, 18.9%.

The monopicrate. obtained by the action of aqueous 

sodium piorate on the aqueous hydroohloride, separated as the 

dihydrate from aqueous ethanol, in very deep red prisms, 

m. p. 113-4?

Pound: 0, 45.2; R, 5.5; N, 16.8. 

CjgHggN^Ol.OgHgO^fg. 2HgO requires 0, 44.9; H, 5.7: N, 17.4$,

After drying over phosphorus pent oxide In vacuo at room

temperature the colour lightened somewhat and one molecule
0 

of water was lost, m.p.

Pound: 0, 46,1; H, 5.4.

G H H 4C1- C6H 3W H2° re 'uire ~ °» 46* 4j H » 5

Found, after drying at 100 /vacuo:

loss 1.885?; 0, 46.9; H. !?. 2. 

G 15H26N4C1<C6H3°7H3*^H20 re<iulre8 loss l«69:-t 0, 47.1: H. 5. 2?..
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The dlpiorate separated from alcoholic picric acid 

in short yellow prisms, m.p, 156 (decomp, )

Pound: 01, B.I. 

requires Cl, 4,75?.

iii). The nitro compound (2.07 g. , 1 mol.) was hydrogenated 

in methanol ( 20 ml, ) as before and filtered into ethanolic 

hydrogen chloride (containing 0.29 g. , HOI, 1.1 mol,) before 

addition to the iminoether hydrochride (0,795 g. , 1.0 mol,). 

A rise in temperature occurred on mixing the reactants and 

a precipitate formed. Next day the acetamidfcno derivative 

(0.65 g. , m.i. 202°, 21%) was collected, and the filtrate 

evaporated almost to dryness. A solid, mainly ammonium

chloride (0. 2g. , 5S^). separated j the methanolic filtrate' /
was baslfied with aqueous alkali and extracted with ether. 

Evaporation and distillation of the dried extract gave a 

yellow oil b.p. 165-70 (bath temperature )/0. 2 mm,, which 

failed to solidify when seeded with benzimina^ole.

Analysis indicated a mixture, and alcoholic picric acid gave a
<t 4ihU 

picrate, from which ibenziminazole dipicrate was isolated,

rn.p. and mixed m.p. 257 (decomp.).

iv). "iii" was repeated, using more hydrogen chloride 

(0. 53 g. , 2 mol.), and no heating effect took place on 

mixing the reactante. Next day the dark solution w^s 

largely evaporated, some ammonium chloride separated, snd 

the filtrate wes worked ur es before.
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A pale yellow oil, b.p. !60°(1>ath temperature)/0.2 mm

(1*47 g., 68£), was obtained, and analysed for the acetamidino
derivative

Found: 0, 60*9; H, 8.6; N, 17.5*

°15H26N401 reiiulre8 C » 60» 7 J H» 8« 4 ' N » 18.9*

It wes further oharaeterlsed "by the formation of the mono- 
and dipicratea, and the hydroehlorlde, whose rr..ps. ynd mixed 

• pa. were 113-4 , 166° (decomp.), and 202-3°,respectively.m

v), Rlngclosure of the amldlne hydroohlorlde (0.3 g. ) to 

the benzlmlna^ole was effected by re flux ing «ith acatyl 

chloride (3.6 ml.) for 3 hours. ' The solid dissolved, and 
after reaction the mixture was cooled, diluted with water, 
baslfled and extracted with ether. Evaporation of the dried 
extract gave a yellow oil, which soon solidified In long 
needles, m,p. 52-4 , (0. 24 g. , 92#), not depressed by addition 
of pure benziminazole prepared via "1". The diplcrate had 
nup. and mixed m,p. £38 (decomp. )

Pound: C, 41.0; H, 3.9; 01, 5.35fc

Attempted acetylatlon of '-

aniline*
0 1). The aniline was recovered unchanged after heating to 200

for 6 hours with acetic anhydride and ^ trace of sulphuric 

cid in sealed tube.



- 115 -

11)* The aniline (0*57 g*.) in dry xylene (15 ml.) was 

refluxed with eodamlde (0.11 g.) for a few minutes. Some 

ammonia wae evolved and the solution went very dark. 

Acetyl chloride (0.2 ml.) in xylene (5 ml.) was added, 

after 15 minutes refluxing the solution was filtered and 

basic material isolated from the xylene with dilute 

hydrochloric acid. After baaifylng the extract a red oil 

(0,13 g.), which proved to be the original amlne, was 

obtained.

l~(y»Diethylaminopropyl)»g»raethyl--6--chloroben2irninazole 

(XLXV, R*C1, R'ltH).

i). This was similarly prepared (pJI1̂ , "i") from 

2-nitro-u-chloro-y-diethylamlnopropylaniline (prepared 

according to 121), by catalytic hydrogenation (over Runey 

nickel) in methanol, filtration into concentrated hydroch­ 

loric acid (5 ml.) and evaporation to dryness. The 

residual aolid was refluxed with glacial acetic acid (1.1 >nl., 

1.1 mol.) in 4N hydrochloric acid (25 ml.) for 90 minut»e, 

and the deep red solution worked up as before. The 

bensiminezole.was obtained -SB a thick yellow oil, b.p. 

14Q°(beth temperature)/©. 14 mm. (3,23 g., 66;').

The diplorate separated from aqueous ethanol In 

yellow needles r.p. 21V (decomp.)

Found: C, 43.8; H, 4.1; N, 17.1.

C 15H22N3C1' 2C6H3°7N3 r° ^ulres C » 43' 9j H » 3%8: N » 17.1^.
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The dlhydroehlorlde was precipitated by passing 

hydrogen chloride into a solution of the free base in dry

ether; it separated in colourless deliquescent prisms,
0 m»p. 100-10 (decomp.)

Found: 01, 26.9. 

0, _#_ 0N_C1. SHC1 reyulrasCl, SO. 2#«
15 £K o

11). The same nitroamine (4*58 g., 1 mol.) was reduced 

as before in methanol (20 ml.) and filtered into a 

solution of aoetiminothlobenzylether hydrochloride 

(3.40 g., 1.07 mol.) in methanol (5 ml.). Next day the 

methanol was evaporated and the residue treated with 

aqueous hydrochloric add. The benzyl thlol was removed 

with ether, the a ueous solution basified, and the

benzimlnazole collected with ether. It was a pale 

yell<

47?)

yellow oil, b.p. 140 (bath temperature)/©. 14 mm. (2.1 g.,

Pound: 0, 64.1; H, 8.0; N, 15.0. 

requires C, 64.4; H, 7.9; N, 15.0"

The dlplorolonate separated from aqueous ethanol In 

irregularly ah '-sped yellow prisms, m.p. 236° (decorap.)

Found: U, £.£.2; H, 5.0; ft, 19.3;
01. 4.4.

C 1KH0Jf G1.20, H 0 H^. requires C, 52.0; H, 4.7; N,19.1; 15 g£T 3 10 8 b 4 Ql f .1. 4$

The dlpicrate separated from aqueous ethanol In 

yellow needles and had m.p. and mixed m.p. with a sample
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from M i M , £17° (decomp.).

£-Nit ro-4t6-dichloro-t-diethylamlnopropy1anilJoe, 

A mixture of 1: 2-<Jinitro-4s 6-dichlorobanzene (6. C, g.)» 

freshly fused sodium acetate (6 g.) bnd Jf-diethylaminopropyl- 

orcine (5.2 ml.), after the vigorous initial reaction had 

subsided, was heated to 160 for 2 hours. The dark 

coloured reaction mixture was then diluted with a large 

volume of dilute hydrochloric acid, unreacted nitro compound 

removed with ether* the aqueous solution basifled and the 

' free amine collected with ether. Unless a large volume 

of solvent is used the amine hydrochloride separates. The 

amine was an orange red oil, b.p. 185-90°(bath temperature) 

iron. (5.08 g. , 78%. ).

The hydrochloride separated from aqueous hydrochloric
0 

as a mlcrocryetalline yellow powder, nup. 216-7

Found: C, 43.5; H, 5*7, 

requires* C, 43.7; H, 5.6f,

The pic rate separated from ^qjieous ethanol in fine 

yellow needles, m.p, 171-S 

Pound, ^sfter drying at 116 /vocuo:

.,:: 0,41.6; H, 3.9- N, 15.5;
°1, 12.9.

re Uires ' °' U- t); H ' 4' 0; ,?' I*'?
WJ., J.C « ~J t

i;-methyl-5; 6-dichloroben7.imina ̂ .ole 

(XLIV, 8*R'»C1). 

The above nitroamine (3.82 g., 1 mol.) was converted to the



- 118 -

bensimina sole In the same way as the monochloro derivatives, 

using concentrated hydrochloric acid (3.6 ml.), glacial 

acetic acid (0.8 ml., 1.2 mol) and 4W hydrochloric scid 

(25 ml.). It was a pala yellow oil, b.p. 175-80°(bnth 

temperature)/0.02 mm. (2.27 g., 61f>

Pound: C, 57.1; H, 6,9; N, 13.4; Gl, 22.4. 

G 15H 21N3G| requires, C, 67.3j H, 6.7; N, 13.9; 01, 22.6%.

The Aipjcrate separated from aqueous ethanol in long 

thin needles, m,p. 226-8° (decomp, )
•

Found: 0, 42.3; H, 3.5; 01, 8.7. 

C15H21N3Glg2C6H307H3 requires, 0, 41.9; H, 3.5; 01, 9.2#.

Acetimlnomethy3.e,ther hydroohlorido and 2-fc>mino~4; S-dich^qro- 

JT-diethylamlnQprppylaniline.

i). The amine, from the catalytic hydrogenation (Raney 

nickel) of the anjine, liberated from J?-nitro-4:5-dlchloro- 

<5^-diethylan)inopropylaniline 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 evaporated, 

the brown solution was basified and the precipitated amine 

collected with eth ;r and distilled, giving a pv^le yellow 

oil, b. r. 145-6o°(beth temperature)/0.04 mra. (2.07 g.,), 

which analysed for the >.cetoir:ido or co-t^n idlno derivative
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Pound: C, 54*6; H, 7.4.

G 15H23ON3U12 requires C, 54.2; II, 6.9: N, 12.6.

°15H24N4C12 r« fiuire8 °» S4« 4 '» H « 7,3; N, 16. 1#.

Attempts to make a diplorolonate failed, and picric 

acid gave an inhomogeneous product. Many recrystalliaatlons 

of this material from aqueous ethanol gave a picrate, 

•^paratlng in yellow brown needles* m.p. 211-2 (decomp. ), 

which in spite of its low decomposition point analysed for 

the benzimlnazole dipicrate

Pounds C, 42.5; H, 3.9; 01, 9.1%.

ii). The above was repeated, only filtering the methanolic 

atrlne (from 1.66 g. nitro-umlne base) into ethanolic hydrogen 

chloride (0.38 ^, HC1, 2 mol. ) before addition to the 

iminoether hydrochloride (0.57 &. ). The mixture darkened, 

no precipitate separated, srid wae worked up ^fter 4 hours.

A pale yellow oil, b.p. IHC-5 ("bath tempera ture)/0. 2 mn.
-(«- 

(1.07 g. ) which analysed for 2-^LCatBrcidino)-5-chloro-V-

diethylsininopropylaniline v, .K obtained

Pound: C, 54.2; H, 7. 5; N, 15.0,?.

(XLIV, K-H , R f =G; e).

2~Nitro-4-methoxy-^-dlethylaminopropyldriiline (7,0 g. , 

prepared from 2-nitro-4-methoxy aniline, .according to 103), 

waa hydrogenuted to the triamine in tnethanol over Raney nlckal,
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the solution filtered aud the filtrate and washings (54 ml.) 

divided into two parts.

i). Concentrated hydrochloric acid (4 ml.) was added to 

one half (37 ml.). The resulting solution was evaporated 

to dryness in vaouo, the residual gum refluxed with glacial 

acetic acid (1 ml,) and 4N hydrochloric acid (15 ml.), and 

the methoxff-benginlnazole isolated in the usual way. It 

was a pale yellow oil (2.2 g., 64?) solidifying in long 

prisms, m.p. c. 40 , t>.p. 186-8 /0.8 mm. (Sirr.onov, 122, 

gives b. p. 184-5/2 mm.).

Founds C, 70.0; H, 9.2; N, 15.2. 

Calc. for GigHggONg C, 69.8; H, 9.1; N, 15. 3>.

The dipicrate separated from aqueous ja-propanol in 

clusters of short yellow prisms, ir,.p. 838-9 (decomp., 

after sintering c.?25 ). Simonov gives up r?6 .

Pound: C, 46.1; H, 4.4: N, «t«6. 

Calc. for C16HggOH3.2C6H307N3 C, 45.8; H, 4.!?; N, 17.!??.

11). The rest of the trlamine solution (37 ml.) was added 

to acetiminomethylether hydrochloride (1.4 g.) in methanol 

(3 ml.). The bolution darkened, no precipitate formed, 

and after half an hour the solution v^s largely evaporated 

on & steam bath. On "baslfying ammonia was evolved, and 

the liberated base collected with ether and distilled, 

b.p. 178-188/0.8 mm. (2.0 g.). It failed to aolidify on



- 121 -

seeding, and analysis indicated a mixture. Treatment of 

t* portion with alcoholic picric acid gave the benzimlnazole 

dipicrate (52??. yield), m.p. 229° (decomp.) after one 

crystallisation from aqueous n-propanol. 

Pound: 0, 46.2; H, 4.59?.,
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Part IV. Pteroylgldbamio Acid and relat<

Chloroaoet-g-nitroanlllde,

Chloroaeetyl chloride (16,8 ml., 1,1 mol,) was added to 

o-nitroaniline (28 g., 1 mol), and a vigorous reaction 

eneued, tfhen it wae over the mixture was heated till 

fused, cooled* and the brown solid ground, up with water 

and washed with dilute acid. It crystallised from

ethanol giving the ohloroacetsnilide in yellow needles
0 0 

(58.5 g., 88f), m.p. 86-7 . (145 gives tn.p. 88 )

Chloraoet-8-nitro-4«-chloroanilide .(1 \

This was similarly prepared from 2-nitro-4-chloroanilin«

in 78$ yield, and crystallised from ethanol in pale
0 yellow prisms, m.p, 141 .

Phenylglycine-g-nitroanilide. (LI, R = R* * H). 

Ghloracet-2~nltroanilide (2,15 g., 1 mol) and aniline 

(0,93 g., 2 mol.) were refluxed for 4 hours in n-propanol 

(5 ml.) and poured into water. The precipitate, 

crystallised twice from ethanol, gav,e the product (1.2g., 

60f») in nearly cubical yellow prisms, m.p. 140^,

Found: C, 61.8; H, 5.0; N, 15.8. 

C14H13°2M2 requires, C, 61.9; H, 4.9; N, 15.5?:.

Unreacted chioracet-g-nitroanilide (0.6 g. f ) was 

recovered by addition of water to the first ethanol mother 

liquors.
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Phenylglycine-2-nitro-4-ohloroanilide (LI, R * Cl, R'1 » H). 

i). Chloracet-2-nltro—4-chloroanilide (2.5 g., 1 mol.) and 

aniline (1,8 g., £. 1 mol.) were refluxed in n-propanol 

(14 ml.) for 3 hours, and the product preoipitated "by 

water. It crystallised from ethanol (m.p. 138-3 , 2.0 g., 

71;), and on recrystallisation separated in orange-yellow 

plates, imp* 134-5 .

Found: C, 55.2; H, 4*0; Cl, 11.8* 

C14H12(W1 requires, C, 55.0: H, 3.9; Cl, 11.6&.

ii). The chloroacetanlllde (1.2 g., 1 mol.) and aniline 

(0.45 g., 1 mol.) were heated in pyridine (3 ml.). All 

dissolved, but after a few minutes a solid separated and 

violent bumping started. More pyridine was added, and 

refluxing was continued for £ hour. Next day the solid 

was collected, and from the filtrate, on dilution with 

water, a small quantity of chlor cet~2-nitro-4-chloroanilide 

(0.12 g.) was precipitated. The solid was soluble in 

water, contained ionised halogen, and separated from 

ethanol in very pale yellow needles, m.p. 232 (decomp.). 

It analysed for pyridiniumaoet'-2-nitro-4-ohloroanilidg 

chloride.

Found: C, 47.4; H, 3.3; N, 13.1.

C13Hll°3N3°f2 s«1uires » c » 47' 6 J H » 3 « 4 » N » 12« 8'-
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2-Pheriylaroinomethyl'-fc>-chlorobenzim3.nazole. 
Phenylglycine-2-nitro-4-chloro-enilide was hydrogenated In 
methanol over Raney nickel to the corresponding amine.
which separated from aqueous ethanol In colourless plates,

Pound: 01, 12.5.

m.p, 163

0MHuO«a01

After refluxlng this amine with aqueous methanolio 
hydrogen chloride for one hour, the solvent was evaporated. 
The residual benziminazole dlhydroehlorlde. which easily 
lost hydrogen chloride, crystallised from ethanollc 

hydrogen chloride in colourless prisms, m.p. 250-1

Pound: C, 51.4; H, 4.8, 

C14H12H3C1' 1* 9HG1 requires C, 51.4; H, 4.3^.

The piorate separated from aqueous ethanol in deep yellow
0, x prisms, m.p. 214-5 (decomp).

Pound: G, 49.4; H, 3.2; N, 17.6.

G14H12N3C1* C6H3°7N3 re <3uires G » 49 * 3 ? H » *• 1 J N » 17.3??. 

r>-Carbetho3cyphenylglycine-2-nltroanllide (LI. R = H,

R* a COOSt),

Chloroacet-2-nitro8nllide (4.3 g., 1 mol.), ethyl j^-amino-

benzoate (3.3 g., 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., 12JE), in irregularly shaped 

yellow plates, m.p. 186

Found: C, 59.4; H, 5.0; N, 12.0. 

C17H17°5N3 requires C, 59.5; H, 5.0; N, 12. S#.

Lower yields were obtained In the absence of 

pyrldlne, or by refluxlng for a shorter time.

g~( p-carbethoxyphenylamlnomethy1)-benzlmlna zole (L, R * H> 

R 1 « Ofit).

The above compound, on hydrogenation over Raney nickel in 

methanol, gave the corresponding amine. which separated 

from ethanol in irregular clusters of colourless needles, 

m.p. 169°

Found: C, 64.9; H, 6.4; N, 13.0, 

C 17H19°31Sr3 Pe(3uir®8 °» 65,2; H, 6.1; N, 13.4;".

Ringclosure to the benziminazole was effected by two 

methods, 

i). The amine (0.1 g.) was refluxed in ethanollc hydrogen
TV.

chloride (2 ml.), containing one drop of water, for an 

hour and the solvent was removed in vacuo. The residual 

solid crystallised from ethanol giving the benziminazole 

dihydrochloride in irregularly shaped colourless prisms, 

TJ^ Lfli'llluii n " r unrjlr im1r m.p., and mixed m.p. with the 

same compound prepared by Spensley, £6£°.

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 benziminazol.o pioratg (0.15 g. t 

90JS) was collected and crystallised from aqueous ethanol 

in yellow prisms, m,p, El6°(decomp.).

Found: C, 53.1; H, 5.9| N, 16.1. 

G 17H170£pR3' C6H3°7If3 r«QUlrea c » 52.6; H, 3*8; N, 16. O?.

i)^arbethoxyphenyl^lycine«-2~nitroi-^-'Chloro~anilide (LI, R * 01,

R* * COOBt).

Chloroacet-2-nitro-4-chloroanilide (2.49 g., 1 mol,),

ethyl £-amlnobenzoate (1.65 g., 1 mol.) and pyridine (0.8 mltt

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

poured into water. The precipitate, after two crystall­ 

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

R = Cl, R* a COOEt) in fino yellow needles, m.p. 167 167-8^.

Found: C, 54.2; H, 4.2; 01, 9.3. 

C17H16°5N3C1 r9(3uire8 G » 54»°? H» 4»2? 01, 9.4$.

H~(g~QUinoxaline)-4~amlnol)enzoiG acid (LII, R * OH), 

£->Amin6benzoic acid (0.69 g., 1 mol,) and 2-chloroq'ilnoxaline 

(0.82 g,, 1 mol.) were ref luxed in n-propanol (6 ml.) for

2 hours, when the product slowly separated as a yellow 

powder (1.12 g., 86^), m.p. 340 tdecomp.). It separated 

from nitrobenzene in yellow needles, and was further 

purified by dissolving in aqueous sodium carbonate and 

precipitating as a brown powder by dilute hydrochloric acid, 

m.p. 344-5 (decomp.).



- 127 -

Pound, after drying at 160 In vacuos

G, 66.3;) H, 4,4;) N, 15.5. 
66.6;) 4.5;)

C15Hll°gN3*iH2° ^Quires, C, 66.6; H, 4.3; N, 16.6$.

Ithyl K-( g»Qtilnoxallne)-4»amlnoben2oyl~l-glutaroate (LIZ,

R ** JL-, NHCH(COOEt)CHgOHgCOOSt).

2-Chloroquinoxallne (0.6 g., 1 mol.) and ethyl £-amino-

benzoyl-^-giutamate (1,18 g. , 1 mol.) were refluxed in

ethanol (5 ml.) for 4 houra. A "brown solid (1.3 g.,

79^) separated* and after cooling it was collected

and washed with a little ethanol. It crystallised

from ethanol (charcoal) giving the quinoxaline derivative

in yellow brown needles* nup* 168°.

Found, after drying at 116 /0.5 mm.,

C, 64.0; H, 5.5; H, 12.2. 

C24H86°5H4 **«<31jlres, C, 64.0; H, 5,8; H, 12.47.

N-( 2-Qulnoxaline)~4~aminot>gn2oyl~l-glutamlc acid (LIIf 

R « I.- NHGH(COOH)OH2CH2COOH).

A solution of the above 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 acid 

(0.54 g., 86$) was precipitated by th-? addition of dilute 

hydrochloric acid. It was purified by dissolving in
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aqueous sodium bicarbonate (100 ml.) and after treatment 

with charcoal was precipitated from the boiling solution 

"by dilute hydrochloric weld. It was a yellow-brown 

powder, m.p. 252 (decomp.). '•*

Found, after drying at 115° In vacua t

0, 59«6| H, 4.5| H, H.O.

0 H 0 H . H 0 requires, C, 59.d| H, 4.?} M, 13.9*. 
20 18 5 4 2

2-^raino-p.hydroxyethyl-ttniline.

jo-Phenylenedifirnine ( 5. 4 g. , 1. 0 mol. ) and ethylene oxide 

(2,7i»vJi. , 2.39 g. , 1^14 mol.} were heated in a sealed 

tube for 20 hours at 120 » ^fter cooling the residual 

crystalline sludge of 2-amino-p-hydroxyethylaniline was 

washed out with a little water and collected, m.p. 104-5 

(3.1 g. , 419T). It crystsllised from water in colourlees 

pistes, m.p. 107 (Kroner, 148, gives m.p. 107 )

Pound: C, 63.0: H, 7.7; N, 13.7. 

Gale, for C8H12ON2 G, 63.2; H, 7.9; N, 18.4 .

The monopicrate separated from water in orange- red 

pritme, ^.p. 120 (decomp.)

Found: C, 44.0; H, 4.0; N, 18.9. 

C 8H 1?OI'£* C 6H307IT3 requires C, 44.1; H, 3.5; N, 18. 4^.

The diT)icrjjite cryatalliaec from water in yellow prisms,

ra. p. 105-6
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Pound: C, 33.9; H, 3. P. 

c8HllI'2t 1 *06H307IIS requires G, 39.3; H, 3.0%.

Di-p-toluenesulphonyl-o-phenylenedlamine. 

£-Toluenesulphonyl chloride (59 g., 2.2 rool.) was added 

to a solution of jo-phenylenediamlne (15 g., 1 mol.) in 

pyridine (75 ml.). After one hour on a boiling water- 

bath the solution was diluted with water (11.) to 

precipitate the product, which crystallised from ethan-1 

in colourless prisms, (46. £ g., 80#) m.p. 204 (Reverdln 

and Crepleux, 149, give m.p. 201-2 ).

1; 4-Di-c-toluene8Ulphonyl-g-hydroxyT.iethyl-l; 2; 5; 4-

tetrahydroQulnoxdline»

The above dltoluenesulphonyl derivative (88.2 g., 1.0 mol.),

followed by CtS-dibromopropsnol (46.25 g., 1.0 mol.) in

eth.nol (200 ml.) was ydded to s solution of sodium

(9.75 g., 1.0 mol.) in ethanol (11.) After refluxlng for

t hours the ethanol w^s distilled off anci the residual

sticky yellow solid washed out v/ith w?»ter and dried.

This solid was refluxed with benzene (ICC mlj.) to remove

gurrny nctarial, and after cooling the residue was collected

and dissolved in boiling ethunol (11.). On cooling the

dl,T)-.toluene.su_lphonylquinoxgline (44.5 g., 44f.) separated

in colourless rFlams, m.p.
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7ound: 0, 58.1; H, 5.3: N f 5. 7j il t 13.2. 

G gsHg405NgSg requires 0, 58.4; H, 5.1; K, 6.9; 3, 13.59?.

g-Hydroxymethyl-l! 2: 3i4-tetrahydro'iuinox'qlina. 

I). The above ditoluenesulphonyl derivative (5.08 g. ) 

was dissolved in diluted sulphuric *cid (50 ml. d. 1.842 

with 0.5 ml. water). After 2 d»ys in & warm place the 

solution was poured onto ice, b&slfied and extracted 

many times with chloroform. Evaporation of the chloroform 

gave the crude tetrahydroquinoxa 1 ine. which separated from 

ethaaol in colour lees prisms, nup. 140-1 .

Found: C, 65.7; H, 7.3; N, 16.5. 

C9HlgONg requires G, 65.8; H, 7.3; N, 17; 1*.

The ricrate sepf:r»ted from water, containing a trace of 

ethanol, in yellow prisms, m.p. 17^5-80 (decomp. }

Pound: C, 45.3; H, 4.1. 

retires C, 45.6; H, 3. «>.

The high yield recorded here was never reproduced in

uent experiments. ! :ore dilute sulphuric acid 

failed to produce complete hydrolysis, and if the 

hydrolysis was carried out for a longer time very low 

yieldb of product y/sre obtained, probably due to 

eulphoii&tion.

ii). The di-p-toluenesulphonyl derivative (5.9 g. , ) was 

heated with concentrated hydrochloric ycid (20 ml.) to
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170 for 9 hours. The resulting black mixture wae 

filtered from unchanged starting ir.aterial (0.6 g. ), and 

the filtrate was basified and extracted with chloroform. 

Evaporation of the extract gave 2-hydroxymethyl-l: 2:3:4- 

tetr ahydroquinoxaline (0.7 g. , 46.), m.p. and mixed nup« 

140 after one cry at alii aat ion.

Oxidation of 8-hydroxyrethyl-l; g; 3; 4-tetrahydroQUlnoxallnq;. 

Aqueous pqtfcssium ferricyanlde (4.8 g. , In £0 ml.) was 

added to a solution of the tetrahydroquinoxsllne (0.56 g. ) 

and sodium hydroxide (0. 7 g. ) In water (20 mli). After 

half an hour the solution was filtered from inorganic 

material, and extracted seven times with chloroform, 

Distillation of the black tar (0.1 g. ), obtained on 

evaporation of the extract, gave yuinoxallne as a colourless 

oil, b.p. 130/10 mro. , which solidified on standing, m.p. 26 

(Hinaberg, 150, gives m.p. 27°).

Pound: 0, 73.4; H, 4.5; N, fel.4, 

Gale, for GHN, C, 73.8; H, 4.6; a, 21.&/.

jrVTr IbromoTet hy 1 uuinoxaline.

This was prepared in 791? yield (crude material, m.p. 91-2^)

from freshly distilled P-methyl^lnoxaline (152).

Methyl (iulnoxaline-g-orthocar'boxylate.

2-Tribromomethylquinoxaline (5.6 g., 1 mol. ) was added to 

a solution of sodium (1.2 g. , 3.3 mol.) in methanol 30 ml.)



and the mixture refluxed for 4? hours. The solvent was 

evaporated in vocuo. The residual orthoester solidified 

on treatment with water, and crystallised from methanol in 

colourless hair-like needles, m.p. 63-5 .

Pounds C, 61.8; H, 6.0; N, 11.7. 

ClgH14°3H2 require!, C, 61.5; H, 6.0; N, 12.a.

Methyl N-formyl-p-aminohenzpatig

'/ethyl £-ainlnotoenzotte (23 g.) was heated with aqueous

f rmic acid (50 ml., of 50??) on a steam bath for 15 minutes*

poured into water, and the precipitated formyl derivative

crystallised from aqueous methanol. It separated in large

colourless plates (20.0 g., 73?Q» m.p. 123| .

Found: C, 59.9; H, 4.9. 

CgHgOjjN requires, C, 60.3; H, 5.0;..

g-Methylbenziminazole and £-methyl-5~hydroxy uinoxaline. 

i). A mixture of£phenylenediamlne (2.16 g. , 1 mol.), 

ethyl isonltrosoacetoacetate (3.£ g., 1 mol.) and acetic 

acid (1.14 ml., 1 mol.) in ethanol (10 ml.) were refluxad 

for 5 hours. On cooling and scratching a pale yellow 

s lid (0.25 g., 7.8^) separated, and was collected. The 

filtrate on treatment with aqueous ammonia gave an acid 

soluble oil, which did not react with r:4-dini6rophenyl- 

hydrasine in 2N HOI. It was collected (with ether) and 

treated with alcoholic picric acid. 2-Methylben?,iinina^ole 

picrate (1.8 g., Zv ) precipitated, and after one



- 133 -

crystallisation from ethanol had m.p. and mixed nup. with
0 a sample described on p. 10*?, 211-2

Found: C5, 46.8; H, 3,3* 

Calc. for G8H8Ng.GgH307N3 , C, 46.5; H, 3.0;.

The pale yellow solid, m.p. 227, was soluble in 

aqueous sodium hydroxide, but insoluble in carbonate* 

Crystallisation from ethanol gave pale brown halrllke 

needles of 2-methyl-3-hydroxy juinoxallne, nup. 245 , (154 

gives m.p. 245 ).

Pound: C, 67.2; H, 4.8; N, 17.5. 

Jalc. for CgH8OHg, C, 67.5; H, 5.0; N, 17. &£.

\ 
ii). o-Phenylenediamine dihydrochlorlde (1.81 g., 1 mol.)

and ethyl JLsonltrosoacetoacetate (1.59 g., 1 mol.) were 

refluxed in ethanol (15 ml.) for 3 hours. Very little 

material precipitated on neutralising the solution, but 

?-rr.ethylbenzirninazole was isolated as the picrate (1.4 g., 

ST), as before, m.p. and mixed rrup. 211-2 . 

iii). o-Phenylenedianine (1.08 g., 1 mol.) and the 

isonitrosoester (1.59 g., 1 mol.) were refluxed in ethanol 

(7 ltd.). 2-¥ethyl-3-hydroxy:]UinoxHllne (0.5 g., 31,*, m.p. 

and mixed m. \ . 245 ) slowly separated, and after 9 hours 

was collected from the cooled reaction mixture. 2-Methyl- 

benziminazole was isolated rrom the filtrate as the picrate 

(1.2 g., 33/0 • m«P» and mixed rrup. 210 .
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3-bromoacetoaqetate (c.f. 155) 

A solution of bromine (81 ml,) in chloroform 100 ml.) was 

added to ethyl aoetoacetate (200 ml.) in chloroform (400 ml.) 

in 30 minutes* the temperature being kept below 7 . After 

24 hours standing at room temperature the chloroform was 

removed, and the residual liquid distilled in vacuo. After 

three fractionations 3-bromoaeetoacetlc ester was obtained 

as a colourless oil, b.p. 116-8/12 mm., nD B 1.4818 /17 

(70 g.). (156 givee nD = 1.4830/18°).

Sthyl N~(4-oarbethoxyphenyl)-N'-formyl~3"arainoacetoaoetate^ 

i). A solution of ethyl N-forn^yl-4-aminobenxoate (4.0 g., 

1 mol.) in xylane (75 ml.) was added to sodium (0.475 g., 

1 mol.) powderedi under xylene, and the mixture refluxed for 

4 hours. 3-Bromoac9toacetic ester (4.33 g., 1 mol.) in 

xylene (10 ml.) was now added, and the mixture left for 4 

hours, with occasional shaking. It was then refluxed for 

2 hours, and filtered (hot) from inorganic material. The 

next day unchanged ethyl N-formyl-4-aminoben3O8te (1.£5 g.), 

which had separated from the d<>rk brown solution, was 

collected and the filtrate evaporated down in vacuo. The 

residual almost black gum partially solidified on treatment 

with ether. This solid, after crystallisation from ether, 

then ethanol (charcoal), gave the alkylatsd ^n.icie as an 

orange yellow powder. It 33 >&r-ted from ethanol in orange- 

yeilov. prisms, m.p. 113-4 (Ifield, 12-13 mg.).



Found: 0, 69.2; H, 5.3; N, 3.2. 

C 16H19°6K requires, C, 59.8; H, 5.9; N, 4.4#.

There was not enough material for another nitrogen determination.

This compound, in ethanol solution, gay? a mauve brown 

ferric chloride colour. It also gave a crystalline yellow 

precipitate when its solution (in ethanol) .as treated with 

2: 4-dinitrophenylhydrazine in aqueous alcoholic 2N HC1. 

11). Ethyl N-formyl-4-aminoben oate (5.02 g. ) was added to 

a ^olution of sodium (0.598 g. ) in eth nol (50 mil) and the 

mixture was evaporated down three times with benzene In vacuo. 

The residual sodium salt was treated with 3-t>romoecetoacetic 

ester (5.43 g. ) in toluene (100 ml.) as in "1", but the only 

materials Isolated from the reaction were the original formyl 

derivative, and succinylosuccinlc ester (0.53 g. ) crystallising 

from ethanol in pale pink prisms, m.p, 129 (157 gives 126-7 ).

Pound: C, 56.5; H, 6.3. 

Gale, for, Ce^* G> 56» 3 J H » 6» &•

ill). An attempt to effect the condensation of the bromo- 

est*r (5.18 g. , 1.1 mol. ) with the formyl derivative (4.35 g. , 

1 mol.) in the presence of sodarnide (0.966 g. , 1.1 mol.) in 

toluene (100 ml.) under the Sisleb conditions (ll$j) failed.

Only unchanged formyl derivative and &u<--cinylOfluccinic ester
0 (Oj.5 g. ) m.P« 126 » were isolated from the reaction.
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^uinoxa1ine-2-aIdehyde.

This was prepared by the oxidation of 2-methylquinoxaline 

in xylene with selenium dioxide, as described "by Boreche 

and Dollar (151). It was not found possible to reproduce 

their yield (28?0; a maximum of 12$ was obtained, and the 

use of dioxane as a solvent (c. f. 158) caused a deterioration. 

The quinoxaline, which had a sickly small, crystallised 

from light petroleum (60/80°) in yellow platelets, m.p. 108°.

N~(^uinox&line-g-methylene)-4-arriinobenzoic acid (LV. R • OH). 

^uinoxaline-2-aldehyde (0.46 g., 1 mol.) and j>-aminobenzoic 

ecid (0.4 g., 1 mol.) were heated to 100 in dioxane (S ml.) 

for one hour. The reactants dissolved, and the product, a 

yellow solid, rapidly separated. It crystallised from 

dioxane in lemon yellow needlea, rrup. 286-7 (decomp.) which 

reacted immediately with f.:4-dinitrophenylhydrazine In 

aqueous 2NMC1.

Pound: G, 69.6; H, 4.2; N, 14.9* 

C 16H11°2N3 requires C, 69.3; H, 4.0; N, 15.2??.

All attempts to reduce this compound in alkaline 

solution to the secondary amine (LIII, R = OH) using sodium 

amalgam, or hydrogen over Raney nickel or palladised charcoal 

failed. Nothing homogeneous could be isolated from the 

reaction mixtures.
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Sthyl K»(QUinoxaline-2-methylene)-4-amino1aenzoat« (LV, R « OEt), 

Quinoxaline-2->aldehyde (1.9 g., 1 mol.) and ethyl £-amino- 

benzoate (2.0 g., 1 mol.) ware re fluxed In dioxane for 3f 

hours, the solution was cooled and separation of the product 

(3.01 g., 82$) assisted by the addition of water. It

crystallised from aqueous dioxane in very pale yellow
0needles, rrup. 139 .

Found: C, 71.0; H, 4.8; N, 13.6. 

G 18H1502K3 re^ulre8 G » 70« 8 ? H » 4« 9 » N » 13»8fr-

Ethyl N-(Quinoxaline-2<-methyl)-4-aminobenzoate (LIII. R * OBt). 

i). Ethyl N-(quinoxtlinc-2-methylene)-4-amino'bQnzoate in 

dioxane solution was not reduced by hydrogen in the presence 

of palladlsed charcoal; unchanged starting material was 

recovered.

il). The same ester (0.527 g.) to dioxane (15 ml.) was 

hydrogenated over Adams catalyst (PtOg) until the theoretical 

absorption of hydrogen re .nlred to saturate one double bond 

had taken place. Further adsorption occurred if the 

reaction was left. The very dark brown solution was 

filtered, and evaporated to dryness in vacuo. Treatment of 

the residual black tar with ethanol gave the product as an 

el&ost colourless solid (0.188 g., 35; ) which was washed 

with ethanol. It was almost insoluble in boiling ethanol, 

dioxane, water, and N aqueous hydrochloric acid, slightly
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In aqueous /3-ethoxyethanol, and easily In pyridine. It 

separated from the latter solvent, on cooling, In colourless 

prisms, nup. 229-32 (slight decomp.).

Pound: 0, 70.0; H, 5.3; N, 13.3; Mol. Vt. 295. 

C18H170g»5 requires, C, 70.4; H, 5.6; N, 13.7£; Mol. Wt. 307.

The compound was soluble in warm aqueous hydrochloric 

acid (3-4N), and its solution gave no reaction with 2:4- 

dinltrosphenylhydrazine in aqueous 2N HC1. It gave a deep 

blue solid with cold concentrated hydrochloric acid, and a 

deep purple solution in cold concentrated sulphuric acid, 

which gave a purple precipitate on dilution with water.

ill). The same ester (0.3 g.) in dioxane (5 ml.) was 

hydrogenated over Raney nickel. Adsorption ceased when 36$ 

of the hydrogen required to saturate one double bond had 

been taken up, and after filtration the yellow brown solution 

was evaporated to dryness in vaouo. Treatment of the 

residual red oil with ethanol precipitated ethyl W-(quinoxaline- 

£-methyl)-4-aminobenzoate (0.1 g., 33.;), m.^* 227-31 (decomp.). 

Nothing homogeneous could be Isolated from the filtrate.



3-(4-Carfarethoxyanilino)-2-brornoaGrolein 4-carbethoxyanil

(LVI, R . NG-H^COOEt). o 4
Ethyl p_-aminobenzoate (7. 5 g., 2 mol.) and mucobromic acid 

(5,9 g., l 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 crystallisation 

from aqueous ethanol it gave the anil hydrobromida 

dihydrate in yellow needles, m.p. 249-50 (decomp.).

Found* G, 44.9; H, 4.5; N, 4.9. 

C 21H21°4N2Br« HBi'« 2H20 requires, G, 44.8; H, 4.6; N, 5.0^.

5-(4-.Cap'bethoxyanilino)-2-'bromoacrolein (LVI, R * 0). 

The above hydrobromide (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 crystallisation from ethanol 

it gave the aldehyde in almost colourless needles, imp. 

159-60°.

Pound: G, 48.0; H, 3.8.

C12H12°3NBr re ^uiras » G » 48 « 3 ; H » 4.O/.$

Attempts to condense this compound with o-phenylenediamtxv* 

i). in boiling ethanol,

ii) in boiling ethanol in the presence of sodium carbonate, 

iii) in boiling aqueous ethanol with one or two equival nts 

of hydrochloric acid, 

iv) in ethyleneglycol at 140 , 

gave black solutions and small quantities of intractable

black tars or solids.
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Bromomethylfflyoxal.

Bromine (8*4 ml., 1 mol.) In chloroform (50 ml.) was added

to a solution of methylglyoxal (11.8 g. , 1 mol.) In

chloroform ( 100 ml. ) , the mixture was refluxed for one

hour and large quantities of hydrogen bromide were evolved.

The solvent was removed in vacuo and the residual liquid

distilled with a green vapour, b.p. 116-140 /15 mm.

It condensed to a yellow-green liquid which slowly thickened

and became almost colourless.

Pound: 0, 24. 2j H, 2.9;) Br. , 51.7.) 
24. 6; H, L>. B; ) Br, , ,54; 2. )

retires, C, 23.8; H, 2.0; br, 53.0%.

Pteroylglutarnio acid.

2: 4: 5-Triamino-6-hydroxypyrimidine bisulphite compound 

(0.95 g. ) was boiled with H aqueous hydrochloric acid 

(a few ml.) till the evolution of sulphur dioxide ceased; 

the solution was filtered and added to ja-aminobenzoyL-vl- 

glutamic acid ( 1. 2 g. ) in water (150 ml.). Bromomethyl- 

glyoxal (0.68 g. ) in ethanol (150 ml.) was added, over 

30 minutes, with vigorous stirring at pH 3-4, and stirring 

wae continued for a further 9C minutes. The brown 

precipitate (0. £7 g. ) was collected, washed with water and 

ethanol, end dried. Biological assay using jjs. lactis JJ. 

ehowod that it contained c. 5? of pteroylgliitamic acid.
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