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By HAROLD BARON, FREDERICK GEORGE PERCY REMFRY, and JOCELYN 

THIS work originated in a desire to obtain evidence of the exis- 
tence of the sodium compound of ethyl cyanoacetate in an  6 6  enol” 
form, this substance having been shown by one of US to exhibit 
properties very different from the corresponding sodium derivative 
of ethyl malonate (Trans., 1900, 77, 923).  

Baeyer ( B e y . ,  1885, 13, 3454), on treating ethyl malonate with an  
equivalent quantity of its sodium derivative in  alcoholic solution, ob- 
tained ethyl phloroglucinoltricarboxylate, and concluded from this 
tha t  the sodium atom in the  sodium derivative was undoubtedly 
attached to carbon (see also Moore, this vol., p. 165). 

On applying a similar reaction to ethyl cyanoacetate, i t  was a t  once 
apparent that  the condensation between this substance and its sodium 
derivative proceeded in quite a different way. 

FIELD THORPE. 
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REACTIONS OF IMINO-COMPOUNDS, PART I. 1727 

After heating only a short time on the water-bath, a large quantity 
of a sodium compound was obtained, which ultimately proved to be 
the sodium derivative of ethyl P-imino-a-cyanoglutarate, the conden- 
sation evidently having proceeded according to the equation : 

CO,Et*$'HNa + CO,Et*yHNa 
CN HCH(CN)*CO,Et --+- C( :NH) *CH(CN)*CO,Et. 

The proof of the constitution of this sodium compound is as 
follows. 

With dilute mineral acids, i t  is converted into ethyl P-imino-a-cyano- 
glutarate, CO,Et*CH,-C(:NH)*CH(CN)*CO,Et, which, on boiling with 
dilute sodium carbonate solution, is transformed into ethyl hydrogen 
p-imino-a-cyanoglutarate, CO,H*CH,*C( :NH)*CH(CN)*CO,Et. On 
distilling the ammonium salt of this substance, it yields ethyl p-imino- 
a-cyanobutyrate, MeC(:NH)*CH(CN)*CO,Et, which passes into ethyl 
cyanoacetoacetate, MeCO*CH(CN)*CO,Et, on distillation with dilute 
sulphuric acid. 

Ethyl cyanoacetoacetate prepared in this way is identical with the 
substance prepared by Haller and Held (Ann. Chim Phys., 1889, [vi], 
17, 204) by the interaction of cyanogen chloride and ethyl aceto- 
acetate, or by the condensation of acetyl chloride with ethyl sodio- 
cyanoacetat e. 

The position of the sodium atom in the sodium compound of ethyl 
P-imino-a-cyanoglutarate is shown by the following considerations. 
It reacts with methyl iodide to form ethyl P-imino-a-cyano-a'-methyl- 
glutarate, CO,Et*CHMe*C( :NH)*CII(CN)*CO,Et ; on hydrolysis with 
sodium carbonate, this substance yields ethyl hydrogen p-imino- 
aqano-a'-methylglutarate, CO,H* CHMe *C(: NH) CH(CN)* CO,E t, the 
ammonium salt of whicb, on distillation, gives ethyl P-kina-a-cyano- 
valerate, EtC( :NH)*CH(CN)*CO,Et, this in turn, when distilled with 
dilute sulphuric acid, yielding ethyl cyanopropionylacetate, 

EtCO*CH(CN)*CO,Et. 
The final product is identical with t h a t  prepared by Haller (Bey. ,  

1888, 21, 354) by the interaction of ethyl sDdiocyanoacetate and 
propionyl chloride. 

I n  the same way, ethyl P-imino-a-cyano-a'-ethylglutarate, 
C0,Et *CHEt*C(:NH)*CH(CN)'CO,Et, 

prepared by the actionof ethyl iodide on the sodium derivative, gives 
ethyl hydrogen p-imino-a-cyano-a'-ethylgl u t  arate, 

ethyl P-imino-a-cyanocaprolate, Pr"C(:NH)*CH(CN)*CO,Ek, and ethyl 
n-butyrylcyanoacetate, Pr"CO*CH(CN)*CO,Et, the latter being 
identical with the compound prepared by Haller from ethyl sodio- 
cyanoacetate and butyryl chloride. 

CO,H*CHEt*C(:NH)*CH(CNj *CO,Et, 
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1728 BARON, REMFRY, AND THORPE: THE FORMATION AND 

The formation of ethyl /3-imino-a-cyanoglutarate in tho foregoing 
condensation is evidently analogous to the production of the  di- 
molecular nitriles which E. von Meyer (J. p r .  Clhem., 1889, [ ii ],39,189) 
and Riess and E. von Meyer (ibid., 1885, [ ii], 31, 112) prepared by the  
action of sodium on a solution of the nitrile in dry ether. They 
represent this reaction as occurring in the following way : 

MeCiN + -~ Me$!:NNa Me$XNH 
MeCHNa.CN MeCH'CN MeCNa'CN 

or 

From our experiments, however, i t  would appear that  the nitrile 
group of the sodium derivative passes into the imino-group in accord- 
ance with the equation given on the previous page, 

The greatest yield of the condensation product is formed when the  
reacting substances are in the proportion of one molecule of ethyl 
cyanoacetate to one molecule of its sodium derivative. A greater 
or less amount of sodium than this proportionately diminishes the  yield. 

The similarity between the reactions of substances containing the  
groups C:NH and CO is clearly shown by the behaviour of ethyl 
P-imino-a-cyanoglutarate towards reagents. Thus with strong alks- 
line hydrolytic agents it is completely decomposed into the alkali salt 
of malonic acid in accordance with the equation : 

CO,Et*CH,*C(:NH)~CH(CN)*CO,Et + 4NaOH + 2H,O 5 

2CH,(CO,Na), + 2NH,  + 2EtOH,  

behaving therefore in the same way as would a compound having the 
formula C0,Et 'CH;CO*CH( CN) 'C0,Et. Again, the hydrogen atoms 
marked 1, 2, and 3 in ethyl p-imino-a-cyanoglutarate, 

CO,Et*CHH*C( :NH) *CH( CN) *CO,Et, 
(1) (3) (2) 

are replaceable by sodium in the order indicated by the numerals, 

Ethyl P-imino-a-cyanoglutarate, 
CO,Et*CH,*C( :NH)'CH(CN)*CO,Et, 

gives ethyl P-imino-a-cyano-aa'-dimethylglutarate, 
CO,Et-CHMe=C(: EH)*CMe(CN)*CO,Et, 

on treatment with sodium ethoxide and methyl iodide, and this sub- 
stance is identical with the compound prepared by the condensation 
of ethyl cyanomethylacetate with its sodium derivative, which 
evidently takes place in  accordance with the equation : 

CO,Et*CRleNa*CN 
+ CO,Et*CHMe*CN 

The proof of this is as follows :- 

CO,Et*CMeNa*y:NH 
CO,E t CMe'CN -+- 

--3 

C0,Et CHMe'Q:NH 
CO,Et CMe*CN' 
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REACTIONS OF IMINO-COMPOUNDS. PART I. 1729 

The sodium derivative, on direct treatment with methyl iodide, 
yields ethyl P-imino-a-cyano-aa'a'-trimethylglutarate, 

CO,Et*CMe,*C(: NH)*CMe(CN)*CO,Et, 
identical with the compound prepared by the complete methylation of 
ethyl /3-imino-a-cynnoglutarate with sodium ethoxide and methyl 
iodide. 

The constitution of these substances is further shown by the pro- 
ducts they yield on hydrolysis ; thus ethyl P-imino-a-cyano-aa'- 
dimethylglutarate gives with sodium carbonate solution ethyl /3-imino- 
a-cynno-a-meth ylvalerat e, Et C(: NH) *C Me( CN) 9 CO,Et, which, on 
distillation with dilute sulphuric acid, is converted into ethyl propionyl- 
cyanoacetate, EtCO*CMe(CN)*CO,Et ; i t  also gives methylmalonic acid 
as sole product on complete hydrolysis with sodium hydroxide. 

In  the same way, et  hy 1 /3 -i mino-a- cyano-aa'a'- tr imethy lgl utarat e 
yields ethyl P-imino-a-cyano-a-methylisobutyrylacetate, 

PI @ C(: NH) C Me( CN) CO,Et, 
and ethyl isobutyrylcyanomethylacetate, 

Pr@CO*CMe(CN)*CO,Et, 
and gives on complete hydrolysis with sodium hydroxide solution a 
mixture of methylmalonic and dimethylmalonic acids. 

Compounds of the type CO,Et*CH,*C(:NH)*CH(CN)*CO,Et do not 
give colorations with ferric chloride, neither do they react with 
nitrous acid to form nitrosoamines, but yield oximes where the formulse 
permit or otherwise remain unacted on. Thus the ethyl hydrogen 
salt, CO,H*CH;C(:NH)*CH(CNj*CO,Et, gives with nitrous acid the 
oxime HON:CH*C(:NH)*CH(CN)*CO,Et, whereas the ethyl 
salt, MeC( :NH)*CH(CN)*CO,Et, is, under ordinary conditions, 
unaffected. 

These oximes are well defined crystalline solids which give coloured 
salts with alkalis and are characterised by giving in  neutral eolution 
intense blue to green colorations with ferrous sulphate. 

A comparison of ethyl P-imino-a-cyanobutyrate, 
MeC(:NH)*CH(CN)*CO,Et, 

with ethyl cyanoacetoacetate, MeCO*CH(CN)*CO,Et, shows that the 
substitution of NH for oxygen raises the boiling point of the com- 
pound about 100'. Thus the former substance boils a t  210°/30 mm,, 
the latter at 11 9"/30 mm. 

Ethyl hydrogen /3-imino- a- cyan oglut ara t e, 
CO,H*CH,*C( :NH)*CH(CN)*CO,Et, 

molts at 142" and at 160" gives off carbon dioxide, becoming converted 
into ethyl P-imino-a-cyanobutyrate. If, however, the ethyl hydrogen 
salt is kept one or two degrees above its melting point for ten minutes, 
i t  again becomes solid, being transformed into ethyl glutazine- 
carboxylate. This conversion, which takes place when the hydrogen 
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1730 BARON, REMFRY, AND THORPE: THE FORMATION AND 

salt has been carefully dried, is evidently due to a molecular re- 
arrangement : 

C:NH 
/\ 

?He yH*CO,Et. 

O H  
70 CN 

C:NH 
CH,/\CH*CO,Et 

\ I  
CO\/CO 

N H  

The constitution of this substance is shown by its behaviour on 
hydrolysis ; thus with sodium hydroxide solution it is converted into 
glutazine : 

C:NH 
CH,/\CHZ 

I t ,  co\/co 
N H  

which, on boiling for a few minutes with concentrated hydrochloric 
acid, yields 2 : 4 : 6-trioxypyridine : 

GO 
CH,/\CH, 

COJCO 

Ethyl glutazinecarboxylate is, however, best prepared by the action 
of cold concentrated sulphnric acid on ethyl /3-imino-a-cyanoglutarate, 
CO,E t*CH,*C(: NH) CH(CN) *CO,E t, under which conditions the 
conversion into the cyclic compound is quantitative. This method has 
been adopted in the case of the various alkylated derivatives of ethyl 
p-imino-a-cyanoglutarate, described in this communication, and in  
most cases a quantitative yield of the corresponding ghitazine deriv- 
ative has been obtained. In  the same way, the various alkylated ethyl 
hydrogen salts of ethyl P-imino-a-cyanoglutarate of the type : 

CO,H*CHR*C(: NH )*  CR(CN) CO,E t 

(where R = alkyl or hydrogen), give, on heating a few degrees above 
their melting points, the corresponding alkylated ethyl glutazine- 
carboxylate derivatives, which on hydrolysis with caustic alkali give 
the corresponding alkylated glutazines. 

That other y-cyano-acids undergo the same intermolecular change on 
heating, is shown by the similar behaviour of ethyl hydrogen cyano- 
acetonedicarboxylate, CO,H*CH,*CO*CH(CN)-CO,Et, which is pre- 
pared by methods given in the experimental portion of this paper ; 
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REACTIONS OF IMINO-COMPOUNDS, PART I. 1731 

co( 

this acid, when heated a few degrees above its melting point, is trans- 
formed into ethyl 2 : 4 : 6-trioxypyridine-3-carboxylate : 

co co 
CH,/\CH*CO,Et -+ CO{,CO 

CH2()CH2*C02Et 
yo CN 
O H  NH 

,co 

Another instance of the Fame kind of change is exhibited by the 
oxime, CH( :NOH)*C( :NH)*CH(CN)*CO,Et ; this substance melts, but 
instantly decomposes with separation of carbon. If, however, it is 
slowly added to concentrated sulphuric acid, it is transformed into a 
pyridazine derivative in accordance with the equation : 

C:NH C:NH 
CH()CH*CO,Et . -+ EH $Xf-*CO,Et 3 

NOH CN N\/co 
/ \  

N H  

this and similar compounds are still under investigation. 
Glutazine was originally prepared by Stokes and von Pechmann 

(Bey. ,  1886, 19, 2696) by acting on ethyl amino-P-hydroxyglutamate, 
CONH,~CH,*U(OH)(NH,)*CH,*CO,Et, obtained from ethyl acetone- 
dicarboxylate and ammonia, with alkaline carbonates. They con- 
sidered tha t  its constitution must be represented by one of the two 
following formuh : 

C:NH 
CH/\CH, 
c0,)co 

N H  
I. 

C*NH, 

rj 
11. 

but thought formula I1 the more probable owing to the analogy 
between the action of ammonia on ethyl acetonedicarboxylate and i ts  
action on ethyl acetoacetate which, as Collie ( A m c c l m ,  1884, 226, 
298) had shown, forms first a n  aminohydroxy-compound which by loss 
of water passes into ethyl aminocrotonate, 

MeC(OH)(NH,)*CH,*CO,Et -+ MeC(NH,):CH*C02Et + H20 ; 
later, von Pechmann (Ber., 1887, 20, 2655),  as a result of the study of 
the action of nitrous acid on glutazine definitely decided in favour of 
formula I. I n  spite of this opinion, Sell and Dootson (Trans., 1898, 
73, 777) considered that formula I1 best represented the constitution 
of glutazine and based their conclusion on the identity of a tetra- 
chloroaminopyridine, prepared by the action of ammonia on penta- 
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1732 BARON, REMFRY, AND THQRPE: THE FORMATION AND 

chloropyridine, with a substance obtained by Stokes and von Pechmann 
by the interaction of phosphorus pentachloride and glutazine : 

CCl 

CCI/\CCl 
CCll lCCl 

\./ 
N 

C*NI-I, 

CH,/\CH, 
co' I lco \'/ 

N 

C*NH, 
ClC/\CCl 
ClCj lCCl ' \/ 

N 

From the methods of synthesis described by us, there can be no doubt 
that  glutazine possesses a constitution represented by formula I. 
The production of the tetrachloroaminopyridine described by Sell and 
Dootson can be readily understood i f  the probability of glutazine 
reacting in  the two forms : 

C:NH C*NH, 
CH,/'WH, and HC/\CH 
co\,!co OH-C,)C*OH 9 

NH N 

is taken into consideration. 
The view tha t  glutazine is capable of reacting in both forms receives 

support not only from the acid and basic character of the many deriv- 
atives of glutaxine that we have investigated, but also from the close 
analogy between this substance and 2 : 4 : 6-trioxypyridine, whicb, as 
Stokes and von Pechrnann showed, reacts both as a phenol and a 
base. 

The chief fact which led von Pechmann to the conclusion tha t  the 
imino-group was present in  glutazine was the formation of nitroso- 
nitroglutazine by the action of nitrous acid. His method consisted in 
dissolving glutazifie in alkali, adding the requisite quantity of sodium 
nitrite solution, and then pouring the mixture into dilute acetic acid. 
A sodium salt, NaC5H3O5N4,xH2O, slowly separated, which gave the  
Liebermann reaction, and on warming with dilute sulphuric acid gave 
off nitrous acid. W e  have repeated this reaction by applying it to the 
glutazine prepared by us, with results which confirm von Pechrnann's 
conclusions. 

Glutazine also, as von Pechmann showed, is very quickly hydro- 
lysed to the corresponding trioxypyridine on boiling with concentrated 
hydrochloric acid. 

It is remarkable that all the substituted derivatives of glutazine 
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REACTIONS OF IMINO-COMPOUNDS. PART I. 1733 

described by us react quite differently from glutazine itself. 
may be divided into three classes : 

They 

1.  The mono-substitution derivatives : 

E thy1 glutazinecarboxyla te, NH<Co.CH(Co2Et) co-- CH2>C:NH, methyl- 

gl utazine, N H < ~ ~ ~ ~ ~ ~ > C :  NH, e t hy Iglutazine, 

These compounds react with nitrous acid to form oximes of the type 

NH<CO*C(:NOH) cO--cExR>C: N H, which are acid substances, forming 

coloured salts with’alkalis, and are characterised by giving, in neutral 
solution, intense colours with ferrous sulphate. These mono-substitu- 
tion products of glutazine are mattacked by strong mineral acids even 
on prolonged boiling. 

11. The di-substitution products : 

Ethyl methylglutazi necar boxylate, NH<Co. co-cHMe)>C: CH(C02Et) NH,  

ethyl ethylglutazinecarboxylate, NH<Co.CH-Co2Eb) CO-- CHEt>C:NH, and 

dimebhylglutazine, NH<CO.CHl\le CO*CHMe>C: NH, 

These compounds react with nitrous acid to form the correspond- 
They ing pyridine derivatives with the evolution of free nitrogen. 

are not hydrolysed by mineral acids. 
111. The tri-substitution products : 

C H M e > ~ : ~ ~ .  
c(-J---- 

Ethyl dimethylglutazinecarboxylate, NH<Co ,CMe(CO,Et) 

This compound is unacted on by nitrous acid, and on boiling with 
mineral acids is hydrolysed partially to dimethylglutazine and partially 
to the corresponding pyridine derivative, whilst on treatment with 
citustic potash solution the former substance is alone produced. 

Incidentally i t  may be mentioned tha t  ethyl P-imino-a-cyano- 
aa’a’-trimethylglutarate, C0,Et*CMe;C(:NH)*CMe(CN)*C02Et, shows 
no tendency to pass into a ring compound, but on treatment with con- 
centrated sulphuric acid is hydrolysed to straight chain degradation 
products. 

There seems to have been no work done on the nature of the inter- 
action of the group C*NH with nitrous acid. And although von Pech- 
mann concluded tha t  this group was present in glutazine from the 
fact that  on treatment with nitrous acid it yielded a nitrosoamine, yet 
from an examination of the many substances prepared by us, and 

VOL. LXXXV. 5 Y  
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1734 BARON, REMFRY, AND THORPE: THE FORMATION AND 

which undoubtedly contain this group, not one has been found t o  react 
in this way. 

W e  have still under investigation a number of compounds con- 
taining this group which have been prepared by the interaction of 
ethyl sodiocyanoacetate with ethyl malonate, ethyl acetonedicarboxyl- 
ate, and ethyl acetoacetate, and hope by their help to obtain some further 
insight into this question. 

Meanwhile, from the experimental evidence a t  hand, it is possible to 
surmise the probable nature of the difference between glutazine and 
its di- and tri-substitution derivatives. 

I n  the first place, it is evident that the mono-substitution products 
react in the two forms : 

C:NH CsNH2 
CH, /\CHI3 CH/\CR 

co' $0 OH -C \,b 00 H 
k H  N 

I. 11. 

The behaviour towards nitrous acid is best accounted for by 
formula I, whereas the stability of the compounds towards acid 
hydrolysing agents is best explained by formula 11. 

I n  the second place, it is certain that di-substitution products react 
only in the form 

C'NH, 
RC/\CR 

OH*C!,)C*OH ' 
N 

since this alone explains the formation of the pyridine derivative 
with nitrous acid and the stability of the compound towards acid 
hydrolysing agents. In the third place, it follows that the tri-substi 
tution derivatives react only in the form 

C:NH 
CHR/\CR, 

cot jco ' \/ 
NH 

since they are unacted on by nitrous acid and are readily hydro- 
lysed to  the corresponding pyridine on treatment with acid hydrolysing 
agents. 

M'ith regard to the constitution of glutazine itself, it is difficult to 
suggest any formula which adequately explains its reactions. 

The formation of the nitrosoamine with nitrous acid would indicate 
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REACTIONS OF IMINO-COMPOUNDS. PART I. 1735 

C\ the grouping (:/NH, whereas the formation of trioxypyridine by the 

action of acids, and the formation of tetrachloroaminopyridine by the 
action of phosphorus pentachloride would seem to show that it can 
react in the forms 

C-NH C*NH, 
/\CIH, CH/\CH czl OH.C/IC.OH \Po N H  N 

We hope, as the result of the future study of similarly constituted 
compounds, to arrive at some definite conclusion as to the nature of 
this substance. 

As already mentioned, Stokes and von Pechmann prepared glutazine 
by the action of alkali carbonates on ethyl amino-,B-hydroxyglutamate, 
CONH2*CH;C(0 H)(NHJ*CH;CO,Et. 

A similar compound, namely, ethyl ,3-imino-a-cyanoglutamate, 
CONH; CH;C( N H )  *CH (CN) CO,Et, 

can be prepared by the action of alcoholic ammonia on ethyl p-imino- 
a-cyanoglutarate. From this substance, a glutazine derivative can be 
prepared in two ways. 

1. By the action of concentrated sulphuric acid forming ethyl 
glutazinecarboxylate, 

C:NH 
/\ CH,/\CH*CO,Et + NH,, 

70 CN 
VH2 YH'CO2Et -+ CO{/CO 

N IF 

and 
2. By the action of sodium carbonate solution 

cyanide, 
C:NH CXH 

forming glutazine 

+ EtOH. 

Both these compounds yield glutazine on hydrolysis with caustic 
potash. 

5 Y 2  
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1736 BARON, REMFRY, AND THORPE: THE FORMATION AND 

EX P E R I M ENTAL. 

Pyeparation of Etlql P-li?ai?2o-a-cyccizoglutal.nte, 
C10,Et *CH,*C (: NH)*CH(CN).C!O,Et. 

I n  order t o  prepare this substance, 11.5 grams of sodium were dis- 
solved in 122 grams of alcohol, and the solution, after being mixed 
with 113 grams of ethyl cyanoacetate, was heated on the water-bath for 
2 hours. The white sodium compound of ethyl cyanoacetste which is 
in the first instance precipitated, rapidly passes into solution, and after 
heating for the requisite time the contents of the flask will be ob3erved 
to  consist of a viscid, brown liquid, which sets to a jelly-like mass on 
cooling. On adding water, this jelly forms a clear solution, showing a 
slightly alkaline reaction ; after some time, an  oil begins to separate 
and the solution then becomes markedly alkaline. 

The separation of this oil, which is due to the gradual decomposition 
of the sodium compound of ethyl P-imino-a-cyanoglutarate by the 
action of the water, can be hastened by rendering the solution 
strongly acid by means of hydrochloric acid. The acidified solution 
was then extracted with ether, the ethereal extract washed succes- 
sively with water and dilute aqueous sodium carbonate, dried, and 
distilled until free from ether, The residue consisted of a viscid 
syrup, which gradually solidified to a hard, crystalline cake, the yield 
being about 80 per cent. of the theory. 

When recrystallised from dilute alcohol, ethyl P-imino-a-cyano- 
glutarate is obtained in well-defined needles melting at 53'. 

0.2057 gave 0.4168 CO, and 0.1066 H,O. 
0.2165 ,, 0,4390 CO, ,, 0.1130 H,O. C=55*3 ; H = 5 * 8 .  
0.2064 ,, 19.6 C.C. nitrogen a t  15' and 780 mm. N =  11.6.  

C,oH,,O,N, requires C = 55.4 ; H = 5.9 ; N = 11.8 per cent. 

C = 55-26 ; H = 5.76. 

Ethyl p-imino-a-cyanoglutarate undergoes rapid decomposition when 
distilled in large quantities under diminished pressure, but when a 
small quantity is rapidly distilled, the pure substance passes over a t  
237'/25 mm. ; it is easily soluble in most of the usual organic solvents 
excepting light petroleum, and instantly dissolves in a cold, strong 
aqueous sodium hydroxide without undergoing hydrolysis, since on 
acidifying the ethereal salt is recovered unchanged. I n  alcoholic 
solution, it gives no coloration with ferric chloride. 

Ethyl p-imino-a-cyanoglutanilide, 
CONHPh*CH,:C(: N H )  *CH(CN)*CO,Et, 

is prepared by boiling ethyl P-imino-a-cyanoglutarate with excess of 
aniline and pouring the product into dilute hydrochloric acid; it 
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REACTIONS OF IMINO-COMPOUNDS. PART I. 1737 

crystallises from absolute alcohol in fine, lustrous plates melting 
a t  180°. 

0.2047 gave 0.4625 CO, and 0.1076 H,O. C = 61-62 ; H =  5.7. 
C1,Hl,O3N, requires C = 61.54 ; H = 5-5 per cent. 

Action of H y d r o l y t i c  Ageitts o n  Ethyl P-lmino-a-cyano- 
g 1 u t a r a  t e  . 

I. Action of Sodium Carbonate Sblutio?L. Formatioiz of Ethyl l lgdrogen  
p-lnaiiao-a-cynnoglutarate, 

CO,H*CH,*C(: NH)°CH(CN)*CO,Et. 

Ethyl P-imino-a-cyanoglutarate rapidly dissolves when boiled with 
a dilute solution of sodium carbonate, and if, when i t  has completely 
dissolved, the solution is acidified, a copious precipitate of the ethyl 
hydrogen ester is formed. This compound crystallises from hot water, 
in which it is readily soluble, in the form of large, transparent prisms, 
which, when dry, melt at 140°, giving off carbon dioxide a t  about 160", 
and between these temperatures being slowly transformed into ethyl 
glutazinecarboxylate. 

0.2534 gave 0.4497 CO, and 0.1190 H,O. C =  48.4; H =5.22. 
0.2378 ,, 28.3 C.C. nitrogen at 16' and 770 mm. N =  13.9. 

C,Hl,O,N, requires C = 48.5 ; H = 5.00 ; N = 14.1 per cent, 

This ethyl hydrogen salt appears to crystallise witch 1 mol. of water 
of crystallisation, but as  no definite results could be obtained on analysis 
the above figures refer to the substance dried a t  looo. 

The silver salt is formed as a white, gelatinous precipitate, when the 
calculated quantity of a silver nitrate solution is added t o  a solution of 
the ammonium salt of the acid which should be produced by neutral- 
ising a solution of the acid with ammonia in the cold. 

0.2671 gave 0.1398 Ag. 
C,H,O,N,Ag requires Ag = 52.6 per cent. 

Ester$cat ion of Ethyl Hpdrogen P-lmino-a-cpnoglutarate. -Ethyl 
hydrogen P-imino-a-cyanoglutarate (25 grams) was dissolved in  
70 grams of absolute alcohol and 25 grams of concentrated sulphuric 
acid added, the whole being left for 12 hours. On adding water, a 
quantity of oil separated, the ethereal extract of which, when washed 
with aqueous sodium carbonate and distilled, yielded a product boiling 
at 197O under ordinary pressure, and giving on analysis numbers 
corresponding with ethyl malonate. 

Ag =52*4. 

0-596 gave 0.5027 CO, and 0.1831 H,O. C = 52.8 ; H = 7.4. 
C7H1204 requires C = 52.5 ; H = 7.5 per cent. 
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1738 BARON, REMFRY, AND THORPE: THE FORMATION AND 

The sodium carbonate washings of the above extract gave an oil on 
acidifying which slowly became solid, and was crystallised from dilute 
alcohol, from which solvent it separated in  large prisms which melted 
a t  43". 

C0,Et CH,*CO*CH( CN)* C0,Et. 
It is probably et?hyl cyanoacetonedicarboxylate, 

0.3148 gave 0.4173 CO, and 0.1166 H,O. 

This substance is soluble in sodium carbonate solution and gives a 
deep red coloration with ferric chloride. 

On adding alkali t o  the mother liquors of the foregoing esterification 
until the solution is only slightly acid, a copious precipitate of ethyl 
glutazinecarboxylate is produced. 

The following quantities were obtained in  the foregoing experiment 
from 25 grams of ethyl hydrogen P-imino-a-cyanoglutarate. 

Ethyl malonate, 10 grams ; ethyl cyanoacetonedicarboxylate, 
1 gram ; and ethyl glutazinecarboxylate, 12 grams. 

Formation of Ethyl p - h i n o  - a-cyuno- y -isonitroso but yrate, 

C =52*98 ; H= 6-03. 
Cl,,H1305N requires C =  52.9 ; H = 5.7 per cent. 

CH( :NOH)*C( :N K)*CH(CN)*CO,Et.- 
This oxime is best prepared by dissolving the ethyl hydrogen salt in 
sodium hydroxide solution, and after mixing with this the requisite 
quantity of aqueous sodium nitrite, the mixture is poured into a 50 
per a n t .  solution of acetic acid. After a short time, a crystalline sub- 
stance is deposited which separates from absolute alcohol in well- 
defined prisms melting a t  156" and instantly charring. 

0.1652 gave 0.2804 GO, and 0-0744 H,O. 
0,1701 ,, 34.1 C.C. nitrogen a t  14.5" and 749 mm. N = 23.6. 

The oxime dissolves in aqueous sodium carbonate forming a yellow 

C = 46.29 ; H- 5.00. 

C7H,03N3 requires C = 45.9 ; H -- 4.9 ; N = 22.09 per cent. 

solution. 

Pormation of Ethyl 4-lmino-6-keto- I ; 5 - d i ~ ~ y d r o p y r i d ~ x i n ~ - 5 - c a r ~ o x ~ ~ -  

ate, NH<~~~~.~~~$>c: NH. 

When the oxime is heated with concer,trated sulphuric acid, con- 
siderable heat is generated and usually the whole mass chars, bu t  i f  
the solid is added in small quantities to the concentrated acid and the 
mixture is kept well cooled, the compound rapidly dissolves, forming a 
clear solution, which, when diluted with water and rendered alkaline 
with aqueous sodium carbonate, deposits a large quantity of a n  
amorphous basic substance. 

An analysis of the air-dried product showed it t o  have the formula 
of an  ammonium base, C7Hl,03N3*OH. 
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REACTTONS OF IMINO-COMPOUNDS. PART I. 1730 

0,2133 gave 0.3248 CO, and 0.1098 H,O. 

When dried in a vacuum desiccator for 5 days, the substance gave 

C = 41.53 ; H = 5-46, 
C7H1,04N3 requires C = 41.8 ; H = 5.5 per cent. 

numbers corresponding with the free base. 

0.2517 gave 0.4217 CO, and 0-1088 H,O. 

0,2153 gave 41.6 C.C. nitrogen a t  15' and 763 mm. 

C = 4 5 * 6 9 ;  H = 4 %  per 

N =  23.1. 
C7H,03N, requires C = 45.9 ; H = 4.9 ; N = 22.9 per cent. 

cent. 

Neither the anhydrous nor the hydrated base has any definite 
melting point, but both forms deflagrate at about 170". On mixing 
with water, the anhydrous base becomes very hot and passes into its 
hydrated form. 

The hydrochloride, C7H,0,N,,HCl, was made by dissolving the base in 
dilute hydrochloric acid, filtering, and evaporating nearly to drynem ; 
the solid which separated was then spread on a porous plate and 
dried in a desiccator over potassium hydroxide, It was analysed by 
weighing a qirantity into a beaker, dissolving in water, and adding 
silver nitrate solution acidified with nitric acid, 

0.2210 gave 0.1421 AgCl. C1= 15.9. 
C7Hl,03N,Cl requires C1= 16.1 per cent. 

The base undergoes a curious decomposition when boiled with a 
strong aqueous solution of sodium hydroxide, eliminating two of i ts  
nitrogen atoms in  the form of free nitrogen. The products which are 
formed under these circurnstancos arc) still under investigation. The 
hydrazone, prepared by dissolving the base in dilute acetic acid, adding 
a solution of phenylhydrazine acetate, and boiling for a short time, is 
precipitated on cooling as an  oil which slowly solidifies, and separates 
from hot absolute alcohol in the form of small, yellow needles melting 
at 173'. 

0.1714 gave 0,3389 CO, and 0.0931 H,O. 
Cl3H17O5N3 requires C = 53.6 ; H = 5.8 per cent. 

Ethyl ~-~mino-a-cyaszobutyrccte, MeC( :NH)*CH( CN) CO,Et, is formed 
in small quantities when ethyl hydrogen /I-imino-a-cyanoglutarate is 
rapidly distilled ; it is, however, produced quantitatively when the 
ammonium salt of this acid is distilled under diminished pressure. It 
crystallises from absolute alcohol in large, transparent prisms, which 
melt at 181' and boil at 210"/30 m'm. 

C = 53.92 ; H = 6.03. 

0.2030 gave 0.4050 CO, and 0.1210 H,O. 
0.2157 ,, 32.3 C.C. nitrogen at 1 8 O  and 780 mm. N=18-4 .  

C7Hlo0,N, requires C = 54.5 ; H = 6.5 ; N = 18.2 per cent. 

C = 54-38 ; H = 6.6. 
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1740 BARON, REMFRY, AND THORPE: THE FORMATION AND 

Ethyl  8-imino-a-cyanobutyrate is  slowly formed when either the 
sodium or ammonium salt of ethyl hydrogen P-imino-a-cyanoglutarate 
is  boiled with water. 

Ethyl cyanoacetoacetate, DleCO*CH(CN)*CO,Et, is formed by the  
hydrolysis of ethyl P-imino-a-cyanobutyrate with dilute sulphuric acid. 
I n  order tha t  the  hydrolysis may not proceed too far, i t  is necessary 
t o  remove the  first product as  soon as it is formed. This can be 
readily done by passing a current o€ steam through the  flask con- 
taining the hydrolysing mixture, which causes the ethyl cyanoaceto- 
acetate to pass over into a receiver and prevents i t  from being fur ther  
hydrolyeed by the action of the sulphuric acid. E thyl  cyanoaceto- 
acetate prepared in  this way melts at 26" and boils at  119'/20 mm., 
i t  is in  all respects identical with the substance prepared by Haller 
and Held. 

0 2833 gave 0.5573 CO, and 0,1525 H20. C = 53.65 ; H = 5.98. 
C7S903N requires C = 51.2 ; H = 5% per cent. 

11. Action of Sodium Hydyoxide Solution. Fornmtioiz. of Xcdonic Acid. 

As already mentioned, ethyl P-imino-a-cyanoglutarate is dissolved 
by cold aqueous sodium hydroxide without undergoing hydrolysis. If, 
however, the  solution is boiled, rapid hydrolysis ensues, and if the  
boiling is continued until the  evolution of ammonia has ceased, the  
product on acidifying and extracting will be found to  yield only 
malonic acid melting at 1 3 2 O .  

A decomposition of the same nature is undergone by ethyl hydrogen 
P-imino-a-cyanoglutarate and ethyl P-imino-a-cyanobutyrate, the 
former yielding, on prolonged boiling with sodium hydroxide solution, 
malonic acid, and the  latter a mixture of malonic and acetic acids. 

111. Action of Concentrated Sulphuyic Acid. Fowncction of Pyridine 
Deriuatices. 

When ethyl P-imino-a-cyanoglutarate is dissolved in cold con 
centrated sulphuric acid and the  solution left for 3 hours, a copious 
precipitate of this  substance is produced on the  addition of water. 
It crystallises from glacial acetic acid in  lustrous plates, sometimes 
possessing a faint green tinge, and does not appear to  melt when 
heated. 
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REACTIONS O F  IMINO-COMPOUNDS. PART I.  1741 

0.2590 gave 0.4603 CO, and 0.1260 H,O. 
0.2336 

C = 48.47 ; H= 5.42. 
28.4 C.C. nitrogen a t  13.5' and 754 mm. N = 14.5. 

C,H,,OYN, requires C = 48.5 ; H = 5.1 ; N = 14.1 per cent. 

This substance is sparingly soluble in hot water, and i ts  solution 
It forms salts with both 

The hydrochloride, C,H,,O,N,,HCI, crystallises from concentrated 

0.2357 gave 0.1423 AgCl. HCI = 15.4. 

gives a deep red colour with ferric chloride, 
acids and alkalis, but  the former are  unstable in  solution. 

hydrochloric acid in  small prisms. 

C,H,oO,N,,HCl requires 1556 per ceut. 

It is readily soluble in  water, bu t  is almost immediately decomposed 
with formation of the insoluble base. 

. -  

solving ethyl glutazinecarboxylate in  caustic soda solution containing 
the requisite quantity of sodium nitrite, and pouring the mixture into 
dilute acetic acid ; a precipitate is immediately formed which can be 
recrystallised from dilute acetic acid, from which solvent it separates 
in  the form of fine yellow needles. 

0.1640 gave 0.2557 GO, and 0.0648 H,O. 
0.1746 ,, 30.7 C.C. nitrogen at 14.5' and 748 mm. N = 18.7. 

C = 42.47 ; H = 4-38. 

C,H,O,N, requires C = 42.3 ; H = 4.0 ; N = 18.5 per cent. 

This substance is an  acid and dissolves in aqueous sodium carbonate 
t o  form a deep red solution, which, on concentrating, deposits the  
sodium salt in  the form of a brick-red powder. A neutral solution of 
either the ammonium or sodium ealt gives a characteristic deep blue 
coloration with ferrous sulphate, which on boiling is converted into a 
deep indigo-blue precipitate. The free acid dissolves in  concentrated 
sulphuric acid and is precipitated unchanged on adding water. After  
prolonged boiling with dilute sulphuric acid, it passes into solution and 
on cooling straw-colonred needles are  deposited. These are  still under 
investigation. 

The dibewoyl  derivative, P h C O * N < ~ ~ ~ & ( C o 2 b t )  p.>C : K COP h , 
can be prepared by boiling ethyl glutazinecarboxylate with excess of 
benzoyl chloride in  a Geissler flask for 3 hours. 

On cooling, a crystalline precipitate slowly separates, which can be 
recrystallised from hot glacial acetic acid and obtained in  small 
needles melting at 230'. 

0.2230 gave 0.5290 CO, and 0.0863 H,O. c' = 64.70 ; 11 = 4.3. 
C,,H,,O,N, requires C = 65.0 ; €1 = 4.4 per cent. 

D
ow

nl
oa

de
d 

by
 H

ei
nr

ic
h 

H
ei

ne
 U

ni
ve

rs
ity

 o
f 

D
ue

ss
el

do
rf

 o
n 

25
 M

ar
ch

 2
01

3
Pu

bl
is

he
d 

on
 0

1 
Ja

nu
ar

y 
19

04
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
T

90
48

50
17

26

View Article Online

http://dx.doi.org/10.1039/ct9048501726


1742 BARON, REMFRY, AND THORPE: THE FORMATION AND 

Prsparation of Glutazine fi-om Ethy I G Zutaxinecarboxylate. 

Glutazine can be prepared from the ethyl salt of its carboxylic acid 
by hydrolysis with caustic soda solution. The stability of the ethyl 
salt, however, is such that i t  is necessary almost to fuse it with caustic3 
soda before hydrolysis ensues. 

It was found most convenient to dissolve about one gram of the 
ethyl salt in potassium hydroxide solution contained in a wide-mouthed 
tube, and boil over the free flame until the odour of ammonia became 
perceptible a t  the mouth of the tube. On acidifying with acetic acid, 
a crystalline substance separated on cooliog ; this was recrystallised 
from water, from which solvent it separated in the form of rectangular 
plates . 

0.2207 gave 0.3867 CO, and 0.1031 H,O. 
C,H,O,N, requires C = 47.6 ; H = 4.8 per cent. 

Glutazine obtained in this may is identical with the compound 
prepared by Stokes and Pechmann; it melts with decomposition a t  
about 300° and gives in aqueous solution a red coloration with ferric 
chloride, which changes to green on boiling, The dibenzoyl derivative 
melts at 215-216". 

2 : 4 : 6-Trioxypyridine, produced from glutazine by the action of 
concentrated hydrochloric acid, as described by Stokes and Pechmann, is 
a heavy, yellow, sandy powder which decomposes at about 220°, 
without melting, and gives with ferric chloride in aqueous solution a 
deep red coloration. 

C = 47.78 ; H = 5.19. 

0.2236 gave 0.3868 CO, and 0.0745 H,O. (3 = 47.18 ; H = 3.72. 
C5H50,N requires C = 47.24 ; H = 3.94 per cent. 

IV. Action of Dilute Xulplmric Acid. Formation of the Sulphate 
of 2 : 4 : 6-Trioxgpyg*idine Anhydg*ide, Cl,H805N2,H,S0,,3H,0. 

When ethyl P-imino-a-cyanoglutarate is boiled with a solution 
containing 1 part of sulphuric acid to three parts of water, it 
gradually dissolves, and if ,  after heating for three hours, the solution 
is cooled, well defined crystals of the above sulphate separate. It is a 
fairly stable substance and can be recrystallised from water, separating 
in the form of lustrous plates which melt at 115" ; it is, however, 
decomposed on prolonged boiling. 

0.4836 gave 0.3113 BaSO,. 
0.2140 ,, 
0.1995 ,, 0,2302 CO, and 0.0790 H,O. C =  31-42 ; H =  4.4. 

S = 8.84. 
12.55 C.C. of nitrogen at 15.5" and 742 mm. N = 6.82. 

CloH,0,N2,H,S04,3H,0 requires C = 31-74 ; H = 4.2 ; S = 8.46 ; 
N = 7.4 per cent. 
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REACTIONS OF IMINO-COMPOUNDS, PART I, 1743 

The three molecules of water are expelled if the hydrated sulphate 

0.2102 gave 0.1441 BaSO,. S = 9-43. 
C1,H,05N2*H2S0, requires S = 9.5 per cent. 

The same substance is produced in the form of fine needles when the 
hydrated sulphate is recrystallised from concentrated sulphuric acid ; it 
however, readily takes up water from the air and passes into the 
hydrated condition, 

If the aqueous solution of the sulphate is made alkaline with 
ammonia and then acidified with acetic acid, the acid ammonium salt is 
precipitated as a yellow powder. 

is heated a t  looo for 4 or 5 hours, 

0.1427 gave 0.2486 CO, and 0.0581 H,O. 

2 : 4 : 6-Trioxypyvidine Anhydride, C,,H:,05N,.-As Stokes and von 
Pechinann showed, trioxypyridine anhydride is a dibasic acid. The 
free acid was therefore prepared from the sulphate in the following 
way. A weighed quantity of the hydrated sulphate was dissolved i n  
cold water, neutralised with ammonia, and an  equivalent quantity of 
hydrated sulphnte dissolved in cold water was added to it. On mixing 
the two solutions, trioxypyridine anhydride was a t  once precipitated 
as a yellow solid, 

C =  47.51 ; H = 4 * 5 3 .  
CloH,05N,,NH, requires C = 47.4 ; H = 4.3 per cent. 

0.1972 gave 0.3673 CO, and 0.0639 H,O. 
C,oHsO,N, requires C = 50-8 ; H = 3.4 per cent. 

Trioxypyridine anhydride is converted into trioxypyridine by 
evaporating its aqueous- solution and extracting the residue with 
alcohol. 

C=50*61; H=3*62. 

V. Action of Hydrochloric Acid. Tormation of 2 : 4 : 6-Trioxypyridine. 

Ethyl /3-imino-a-cyanoglutarate, when boiled with concentrated 
hydrochloric acid, rapidly passes into solution, and if, when all has 
dissolved, the solution is cooled, i t  deposits a considerable quantity of a 
crystalline sutstance : this was found to consist of a mixture of two 
compounds which could be separated by recrystallisation from water. 
The more insoluble proved to be ethyl hydrogen P-imino-a-cyano- 
glutarate, CO,H*CH,*C( :NH)*CH(CN)*CO,Et, and the more soluble to 
be ethyl hydyogen a-cyaizoacetonedicarboxylate, 

CO,H*CH,*CO*CH(CN)*CO,Et ; 
the latter crystallises from water in long, colourless needles which 
melt at 145" and at 1'70" give off carbon dioxide, being converted 
between these temperatures into ethyl 2 : 4 : 6-trioxypyridine- 
3-carboxylate. 
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1744 BARON, REMFRY, AND TEORPE: THE FORMATION AND 

0.2135 gave 0.3755 CO, and 0.0830 H,O. C = 47.97 ; H = 4-32, 
C,H,O,N requires C = 48.2 ; H =  4.5 per cent. 

The dicarboxylate gives a red coloration in aqueous solution with 
ferric chloride. 

On addition of water, ethyl glutazinecarboxylate is precipitated 
from the mother liquors, If, however, the hydrochloric acid solution 
is heated for five to six hours on the sand-bath, and the resulting 
solution evaporated to dryness on the water-bath, a residue is obtained 
which consists of a hydrochloride. After a rough estimation of the 
quantity of hydrochloric acid had been made, the calculated quantity 
of sodium carbonate solution was added to neutralise the hydrochloric 
acid present, when a white precipitate was at once formed which, on 
collecting, proved to be 2 : 4 : 6-trioxypyridine. 

0.2154 gave 0.3712 CO, and 0,0756 H,O. C = 47.01 ; H = 3.9. 
C,H,O,N requires C = 47.2 ; I1 = 3.9 per cent. 

When fused with ammonium acetate for from two to three minutes 
and then extracted with hot alcohol, the alcoholic solution on evapora- 
tion yielded a residue which crystallised from water in small plates, and 
gave in aqueous solution a deep red coloration with ferric chloride, 
changing to  green on boiling. The substance was evidently therefore 
glutazine. 

Action of Anamonich. Formution o f  Ethyl p-Imino-a-c~u.l~oglutamate, 
CONH,*CH,*C( :NH)*CH(CN)*CO,Et. 

Ethyl /3-imino-a-cyanoglutartlte dissolves when warmed with 
concentrated ammonia solution, and on cooling the above substance 
separates out in the form of a white, crystalline powder. It is best 
prepared, however, by dissolving the ethyl salt in alcohol and 
saturating the solution with ammonia gas, or by dissolving it in 
alcohol (3 vol~ . )  and adding 1 vol. of 0.880 ammonia solution. By 
either method, a practically quantitative yield of the glutamate 
separates on standing. 

It is readily soluble in hot water, sparingly in  cold, and separates 
from its hot aqueous solution in small needles which melt a t  195' 
with decomposition. 

0.2431 gave 45.3 c.c nitrogen a t  19' and 755 mm. 
C,H,,0,N3 requires N = 21.3 per cent. 

Action of Concentrated Xulphuric Acid on the Amide. Formation of 
Ethyl GEzctaxinecarboxyZate.-One gram of the pure, finely-ground amide 
was added gradually to 5 C.C. of concentrated sulphuric acid, the solu- 
tion being kept cool under the tap. When all had dissolved, water 

N =  21.S. 
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REACTIONS OF IMINO-COMPOUNDS. PART I .  1745 

was added and the  heavy, white precipitate which formed collected and 
recrystallised from glacial acetic acid. An analysis proved it t o  be 
ethyl  glutazinecarboxylate. 

0.1563 gave 0.2796 CO, and 0.0769 H,O, C = 48.82 ; H = 5.47. 
C,H,,O,N, requires C = 48.5 ; H = 5.1 per cent. 

Action of Xodizina Carbonate Solution on the Arnide. Formation Q 

Glutnxine Cyanide, NH<Co. Co-CH2>C:NH.-Five CH(CN) grams of the 

amide mere dissolved in  sodium carbonate solution and boiled for 
1 hour ; alcohol and ammonia were eliminated, and the solution on 
cooling deposited a small quantity of ethyl P-imino-a-cyanobutyrate, 
melting at 181'. On acidifying the filtered solution with hydrochloric 
acid, a heavy precipitate of the above cyanide was formed. It can be 
recrystallised from a large quantity of water, but is more easily ob- 
tained pure by dissolving in  sodium carbonate solution (in which i t  
dissolves with effervescence) and acidifying hot with acetic acid;  on 
cooling, the pure cyanide separates in  the form of colourless needles. 

0.2419 gave 0.4249 CO, and 0.0802 H,O. C=47*90 ; H =  3.68. 
C,HA,O,N, requires C = 47.7 ; H = 3.3  per cent. 

The aqueous solution gives with ferric chloride a reddish-violet 
coloration changing to brown on boiling. Glutazine cyanide is in- 
soluble in concentrated hydrochloric acid, but  dissolves in  concentrated 
sulphuric acid, being reprecipitated on the  addition of water ; with 
caustic soda solution, it first forms a sparingly soluble acid slalt which 
dissolves on addition of more alkali. 

The dibenxoyl derivative is prepared by boiling the  cyanide with 
benzoyl chloride until the  evolution of hydrochloric acid ceases; on 
cooling, a crystalline substance slowly separates, which can be re- 
crystallised from absolute alcohol yielding small plates melting at 
193'. 

0.2173 gave 0 5 3 1 7  CO, and 0.0688 H,O. C = 66-73 ; H = 3 5 2 .  
C,,H,30,N, requires C == 66.9 ; H = 3.6 per cent. 

The oxime, H N < ~ ~ ~ c ! ~ c ~ ~ > C : N H ,  is formed by dissolving 

the  cyanide in  aqueous caustic soda, adding a solution of the  cal- 
culated quantity of sodium nitrite, and pouring the mixture into 
dilute acetic acid. A red solution is formed which quickly deposits red 
crystals of a sodium salt. These do not give the  Liebermann reaction, 
and on warming with dilute hydrochloric acid yield the free acid having 
the above formula as a yellow, microcrystalline powder. 

The oxime is not decomposed on boiling for a short time with hydro- 
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1746 BARON, REMFRY, AND THORPE: THE FORMATION AND 

chlori'c acid, and gives with ferrous sulphate in neutral solution a 
deep indigo-blue coloration. 

0.2213 gave 0.3235 CO, and 0.0422 H20. 

The substance deflagrates when heated, and does not possess a 

C = 39.87 ; H = 2.12. 
C6H40,N, requires C = 40.0 ; H = 2.3 per cent. 

definite melting point. 

Hydrolysis of the Cyanide. Pownation of 2 : 4 : 6-Trioxypy~icline. 

The cyanide is not readily hydrolysed by hydrochloric acid, and 
even on prolonged boiling is little changed; it was therefore found 
advantageous to heat 1 gram with concentrated hydrochloric acid in a 
sealed tube a t  180° for 4 hours. The contents of the tube on 
evaporating to dryness yielded a residue which, on treatment with 
sodium carbonate in the manner already described, yielded trioxy- 
pyridine, which, on fusion with ammonium acetate, yielded glutazine . 

Conversion of Ethyl Hyclmgen P-lmi.lzo-a-c~anoylut~~~ate into Ethyl 
Glutaninecarboxylate. 

I n  order to show that this molecular change takes place without the 
presence of water, 5 grams of the finely powdered and carefully 
purified ethyl hydrogen salt were dried at 100" for 8 hours. The 
slightly brown substance was then heated to 145" in a tube sur- 
rounded by sulphuric acid, and the temperature maintained at this 
point for 10 minutes. 

The solid melted and gradually became yellow, a small quantity 
of carbon dioxide being eliminated at the same time; it then became 
solid, and after being heated for the requisite time was extracted with 
hot absolute alcohol and filtered. The residue weighing 4.2 grams was 
found to be pure ethyl glutazinecarboxylate, crystallising from glacial 
acetic acid in characteristic plates. 

0.2217 gave 0.3959 CO, and 0.1031 H,O. 

The alcoholic solution on cooling deposited a small quantity of 

C=48*7;  H=5*17.  
C,H,,O,N, requires C = 48.5 ; H = 5.0 per cent, 

ethyl P-imino-a-cyanobutyrate melting a t  181". 

Colzversion of Ethyl Hydrogen CyanoacetonedicarboxylcGte into Ethyl 

CO-- CH2>C0. CO*CH (C0,Et) 3 : 4 : 6- Trioxyp~?.idii~e-3-cccrboxylate, NH< 

The carefully dried ethyl hydrogen salt was heated at 147' for 
from 10 to 15 minutes. A small quantity of carbon dioxide was 
eliminated from the melted mass, which subsequently set to a crystal- 
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RE4CTIONS OF IMINO-COMPOUNDS, PART I. 1747 

line cake, This was pnrified by rubbing with cold absolute alcohol, 
filtering, and recrystallising from glacial acetic acid. 

Ethyl 2 : 4 : 6-trioxgpyridine-3-carboxylate is obtained in  this way 
in small plates which melt a t  a high temperature and give in dilute 
alcoholic solution a red coloration with ferric chloride. It is soluble 
in alkalis and in acids. 

0.1'793 gave 0,3162 CO, and 0,0692 H,O. 
C,H,O,N requires C = 48.2 ; H = 4.5 per cent. 

2 : 4 : 6-Trioxypyridine, prepared from the ethyl salt on hydrolysis 
with caustic potash, was extracted and purified by the method already 
given on page 1744, and mas identified by conversion into glutazine 
on fusion with ammonium acetate. 

C=48*10;  H = 4 * 2 9 .  

A c t i o n  of Met?byZ I o d i d e  on t h e  Sodium C o m p o u n d  of 
of lZt  Jb y 2 p - I m  in 0-a-c y cc n o g  I u t ar a t e. 

E t h y l P-Irn i n o-a-c y a n  o-a'-m e t  h y Zg ZZL t ccra t e, 
Fo r ma  t io n 

CO,Et*CHMe* C(: NH) CH( CN) *CO,E t. 

As already mentioned, after heating molecular proportions of ethyl 
sodiocyanoacetate and ethyl cyanoacetate in alcoholic solution for 
2 hours on the water-bath, a jelly-like mass is obtained : this is the 
sodium compound, CO,Et*CHNa~U(:NH)*CH(CN)*CO,Et. On adding 
excess of methyl iodide and boiling, this sodium compound gradually 
dissolves, and, when all has passed into solution, the above ethyl salt 
is precipitated on adding water ; it distils without decomposition at 
220'/20 mm. and solidifies on cooling, forming small prisms from 
dilute alcohol which melt at 63'. 

0.2164 gave 0,4356 CO, and 0.1287 H,O. 
C,,H,,O,N, requires C = 55.0 ; H = 6.7 per cent. 

Ethyl p-imino-a-cyano-a'-methylglutarate is not nearly so readily 
soluble in sodium carbonate solution as the unmethylated product, and 
it is necessary to boil the mixture for some time, using a 30 per cent. 
solution of the alkali, before complete solution is effected. On cooling, 
a quantity of crystals separated; these, on collecting, proved to be 
ethyl a-cyano-/3-aminovaZerate, EtC( :NH)*CH(CN)*CO,Et, which crys- 
tallises from absolute alcohol in small prisms melting at 121'. 

C =  54.80 ; H = 6.61. 

0.2071 gave 0.4352 CO, and 0.1308 H,O. 

On acidifying the sodium carbonate mother liquors, a copious pre- 

C=57.31 ; H =  7.02. 
CsHl2O2N2 requires C = 5711 ; H = 7.1 per cent. 

cipitate of ethyl hydrogen ~-imino-a-cyano-a'-methyIgZzctccrnte, 
C02H *CHMe*C(:NHj*CH(CN)*CO,Et, 

separated ; this substance crystallises from hot water in glistening 
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1748 BARON, REMFRY, AND THORPE: THE FORMATION AND 

plates, which melt a t  145O, giving off carbon dioxide at 160', and 
between these temperatures being gradually transformed into ethyl 
methylglutazinecarboxylate (see p. 1749). 

0.2164 gave 0,4025 CO, and 0.1079 H,O. 
C,H1,0,N2 requires C = 50.9 ; €€ = 5.7 per cent. 

The silver salt sepqrates as  a white, gelatinous precipitate when a 
neutral solution of the  ammonium salt is mixed with a solution con- 
taining the  calculated quantity of silver nitrate. 

C = 5 0 . 7 3 ;  H=,5.54. 

0.2153 gave 0.0724 Ag. Ag = 33.62. 
C9H110,N,Ag requires Ag = 33 277 per cent. 

The ammonium salt, prepared by evaporating to  dryness a solution 
of the  hydrogen salt neutralised with ammonia, is quantitatively 
converted into ethyl P-imino-a-cyanovalerate on distillation under 
diminished pressure. 

Ethyl cyccnop?.opioIz?/kc~cetccte, EtCO*CI-f(CN)*CO,Et, is prepared by 
hydrolysing ethyl P-imino-a-cyanovalerate with dilute sulphuric acid, 
passing at  the  same time a current of steam through the  hydrolysing 
mixture. The steam carries with it the new ethyl salt, which can be 
extracted from the  steam distillate by means of ether. It is a clear, 
mobile liquid boiling at  220-225' under the  ordinary pressure. 

0.2645 gave 0.5504 CO, and 0.1634 H,O. 
C,H,,O,N r'equires C = 56.8 ; H = 6.5 per cent. 

Ethyl  P-imino-a-cyano-a'-methylglutarate dissolved slowly in aqueous 
caustic soda, and, on boiling, ammonia and alcohol were evolved. When 
the  odour of ammonia ceased to  be apparent, the  product was acidified, 
saturated with ammonium sulphate, and extracted. 

The extract was found t o  consist of methylmalonic acid melting 
at 130O. 

C! = 56-75 ; H =: 6.86. 

0.2321 gave 0.3675 CO, and 0.1069 H,O. 
C,H,jO, requires C = 43.6 ; 13 = 5.4 per cent, 

The extracted mother liquors were evaporated to  dryness and 
extracted with ether i n  a Soxhlet apparatus; the extract i n  this case 
was malonic acid melting at 132'. 

Ethyl  hydrogen P imino-a-cyano-a'-methplglutarate is hydrolysed in 
the  same way with caustic soda, whereas ethyl cyanopropiouylacetate 
yields a mixture of malonic and  propionic acids. 

c1= 43.18 ; H = 5.12. 
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REACTIONS OF ININO-COMPOUNDS. PART I. 1749 

Eight grams of ethyl P-imino-a-cyano-a'-methylglutarate were dis- 
solved in  cold concentrated sulphuric acid and the well-cooled solution 
l e f t  for 10 minutes; on pouring into water, a copious, white precipitate 
was formed, which was collected and recrystallised from glacial acetic 
acid. 

Ethyl  methylglutazinecarboxylate consists of large needles, which 
melt and decompose a t  213O and which give i n  dilute alcoholic solution 
a deep purple coloration with ferric chloride, disappearing on heating. 

C,H,,O,N, requires C = 50.9 ; H = 5.7 per cent. 
0,1874 gave 0.3487 CO, and 0.1014 H,O. 

This substance is not soluble in  cold alkalis, but  readily dissolves on 
warming; i t  is very soluble in  cold mineral acids. The dibemoyl  
derivative, prepared in  the usual way, crystallises from absolute alcohol 
in  the form of small needles and melts at 210'. 

c1=50.76 ; H = 6 * 0 1 .  

0.2002 gave 0.4803 CO, and 0.776 H,O. 
C,,H,,O,N, requires C = 65.8 ; H = 4.5 per cent. 

When the carefully di ied and purified ethyl hydrogen 6-imino-a-cyano- 
a'-methylglutarate, CO,H*CHMe*C( :NH)*CH(CN)*CO,Zt, is heated for 
5-10 minutes a t  1 4 7 O ,  tha t  is, at a few degrees above i t s  melting 
point, no appreciable amount of carbon dioxide is eliminated, but the  
melted compound slowly solidifies, The product on investigation 
proved t o  be a mixture of a small quantity of ethyl P-imino-a-cyario- 
valerate with ethyl methylglutazinecarboxylate ; these were separated 
by treatment with hot absolute alcohol, in which the  former is readily 
soluble. 

C = 65.43 ; H =  4.31. 

Ethyl 2 ; 4 ; 6-~rioxy~~~~idine-5-methyl-3.carboxylate ,  
Go -- CHhh>CO, 

NH<oo * CH (C*,Et) 

When a solution of ethyl methylglutazinecarboxylate i n  caustic 
soda is mixed with a n  aqueous solution of sodium nitrite and the  mix- 
tu re  poured into acetic acid, a considerable quant i ty  of nitrogen is 
evolved, and the solution becomes dark green ; af ter  evaporating, the 
pyridine derivative slowly separates and can be recrystallised from 
dilute acetic acid, It melts and decomposes at a high temperature, 
and gives in  dilute alcoholic solution tt red coloration with ferric 
chloride ; i t  is soluble in  acids and alkalis. 

0.1927 gave 0,3567 CO, and 0.0869 H,O. 

VOL. LXXXV. 5 2  

C=50.48 ; H =  5*01. 
C,H,,O,N requires C 3: 50.7 ; H = 5.1 per cent. 
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1750 BARON, REMFRY, AND THORPE:  THE FORMATION AND 

pared from the ethyl salt of i ts  carboxylic acid by boiling it 
for a short time with aqueous caustic potash. On acidifying with 
hydrochloric acid and evaporating t o  dryness, the  hydrochloride can be 
extracted from the  residue by means of alcohol, and the  free base 
derived from this  on treating i t  with the  calculated quantity of sodium 
hydroxide solution. It crystallises from a little water, in  which it is 
fairly soluble in  the cold, in  the  form of microscopic prisms, which, 
in  aqueous solution, give a deep red coloration with ferric chloride. 
I t  melts at about 240' with evolution of gas. 

0,2104 gave 0,3942 CO, and 0,0896 H,O. C = 51.12 ; H = 4.73, 
C,H70,N requires C: = 51.1 ; H = 4.9 per cent. 

Preparation of JfetlqZgZutuzine, NH<Co Co'C'3Me>C:NH, -cCH, from Ethyl 

Meth~lglutuxirtecarbox~~ci~e. 

The ethyl salt dissolves in  a large excess of sodium hydroxide solu- 
tion, but  a sodium salt is slowly deposited. This, however, dissolves 
when boiled, and if the  heating be continued in  a wide-mouthed tube 
until ammonia begins t o  be evolved, the residue, on acidifying with 
acetic acid, will give a crystalline precipitate of methylglutazine. 

As in the  case of glutazine itself, however, the solution has to be 
nearly evaporated to  dryness before the  hydrolysis is  complete. 
Methylglutazine separates from water in  needles, which have usually 
a bright red colour ; it melts about 260' and gives in  aqueous solui 
tion a red coloration with ferric chloride, which disappears again 
almost instantly. 

0,2084 gave 0.3913 CO, and 0,1115 H,O. 

The ?tydrochZoride separates in fine needles from concentrated hydro- 
chloric acid ; it is unstable i n  the  presence of water. The dibenxoyl 
derivative, prepared from benzoyl chloride and methylglutazine, separ- 
a tes  from hot glacial acetic acid in  small plates which melt at 214O. 

C = 68-73 ; H = 4.72. 

C=51*22 ;  €€=5*94.  
C,H,O,N, requires C = 51 *4. ; H = 6.7 per cent. 

0.1690 gave 0.4259 GO, and 0.0'717 H20. 
C,H70,N, requires C = 69.0 ; H = 4.6 per cent, 
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REACTIONS O F  IMINO-COMPOUNDS. PART I. 1751 

Action of Nitrous Acid on Jletlzylglutaxine. Fornacction of the Oxime, 

This substance was prepared in the manner previously described, 
namely, by dissolving methylglutazine in  water, adding caustic soda 
and sodium nitrite solution, and pouring the mixture into dilute acetic 
acid, A deep red solution is formed, which gradually deposits a red, 
crystalline substance containing sodium. When treated with dilute 
hydrochloric acid, this product is transformed into the free acid, which 
can be obtained in yellowish-white crystals from a large quantity of 
water. 

Neither the sodium salt nor the free acid gives the Liebermann 
reaction, and the former, or the latter when neutralised, gives a deep 
green coloration with ferrous sulphate. Solutions of the free acid are 
reddened with alkalis. 

0.1224 gave 0.1919 GO, and 0,0422 H20. C=42*76 ; H=3*83.  
C,H70,N, requires C = 42.6 ; H = 4.14 per cent. 

Prolonged boiling with concentrated hydrochloric or  dilute (1 : 4) 
sulphuric acid fails to hydrolyse methylglutazine to the corresponding 
pyridine derivative, and in each case the methyl base was recovered 
unchanged. Hence by the action of dilute siilphuric or hydrochloric 
acid on ethyl P-imino-a-cyano a'-methylglutarate, methylglutazine only 
is produced. 

Ethyl p-imino-a cyano-aa'-dimeth ylg Zutarate, 
C02Et 'CHMe 'C(: N H) %Me( CN) 'C0,E t. 

The preparation of this substance was effected in  two mays. 
I. From the sodium derivativs of ethyl P-imino-a-cyano-a'-methyI- 

glutarate and methyl iodide : 
Ethyl P-imino-a-cyano-a'-methylglutarate (1 7.5 grams) was heated 

with a solution containing 1.7 grams of sodium dissolved in alcohol 
and excess of methyl iodide immediately added ; after heating for from 
4 to 5 hours, water was added and the precipitated oil extracted by 
ether, On fractionation, the larger portion distilled a t  200-225°/26 
mm., and slowly deposited crystals, which proved to be this dimethyl com- 
pound, and after recrystallisation from dilute alcohol formed small 
needles, melted a t  64O, and boiled a t  215*/22 mm, pressure. 

0.1407 gave 0.2913 GO, and 0.0914 H20. C-56.47;  H = 7 6 2 .  
C,,H,80,N, requires C = 56.7 j H = 7.1 per cent. 

6 2 2  
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1752 BARON, RE:MFRY, AXD TFlORPE: THE F O R M A T ~ O N  AND 

11. From the  condensation of ethyl cyanomethylacetate with its 
sodium derivative : 

Two molecular proportions of ethyl cyanomethylacetate were heated 
on  the water-bath with 1 molecule of sodium dissolved in  alcohol. At 
t h e  end of 5 hours, the dark brown product was poured into dilute 
hydrochloric acid, and the  oil which separated extracted with ether. 
Only a small yield of a high boiling oil was obtained on fractionation, 
which passed over at 215"/22 mm., and, on cooling, kolidified to crystals 
which separated from dilute alcohol in  small prisms and melted at 
64". The yield of the substance is not more than  20 per cent. of the 
theory. A comparison of i ts  properties with those of the compound 
prepared by the  first method proved the two t o  be identical. 

C,,H180,N, requires C = 56.7 ; I€ = 7.1 per cent. 
0.3008 gave 0.6435 (30, and 0.1940 H,O. C = 56.81 ; H = 7.00. 

Ii'orrnation o f  Ethyl p- ~nLino-a-cycc?zo-a-nzetl~?/lvaZerate, 
EtC( :NH)*CMe(CN)*CO,Et. 

Ethyl  /3-imino-a-cyano-aa'-dimethylglutnrate does not  readily 
dissolve in  30 per cent. aqueous sodium carbonate, and prolonged boil- 
ing is necessary before complete solution is effected. On cooling, a 
considerable quantity of the above compound crystallises out ; when 
recrystallised from absolute alcohol, it forms small needles which 
melt at 119". 

0.3157 gave 0.5457 CO, and 0.1737 H,O. 
C9Hl,0,N, requires C = 59.3 ; H = 7.7 per cent. 

On acidifying the sodium carbonate mother liquors, no precipitate 
of the ethyl hydrogen salt took place, and, therefore, under the con- 
ditions of the experiment, the whole of the ethyl P-imino-a-cyano- 
aa'-dimethylglutarate had been converted into ethyl P-imino-a-cyano- 
a-methg lvalerate. 

C =59*13 ; H=7*67 .  

Action of Dilute SulpJ~ uri c A c id on Ethg I p - h i n  o - a-cy ano- a-me t?y l- 

E:tCO*CMe(CN).CO,Et. 

This substance mas prepned  by boiling the ethyl salt with dilute 
(1 : 4 )  sulphuric acid, a t  the same time passing a current of steam 
through the  hydrolysing solution ; i t  passes over with the steam, and 
can be extracted from the distillate by means of ether. It is a mobile 
oil boiling at 230-2335' under the ordinary pressure. 

valerate. Rornzation of Ethyl Cyunopopiony Imethylacetule, 

0.2137 gave 0.4606 CO, and 0,1391 H,O. C=58*79;  H =  7-23. 
C,H,,O,N requires C = 59.0 ; €I = 7.1 per cent. 
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REACTIONS O F  IMINO-COMPOUNDS. PART I. 1753 

Ethyl  ,8-imino-a-cysno-aa'-dimethylglutarate dissolves on boiling with 
strong caustic potash solution, and if, after ammonia has ceased to  be 
evolved, tho product is acidified, saturated with ammonium sulphate, 
and extracted with ether, methylmalonic acid (m. p. 130") is obtained 
as  sole product. 

0-2013 gave 0.2991 CO, and 0 0906 H,O. C = 40.53 ; H = 5.00. 
C,H,O, requires C = 40.7 ; H = 5.1 per cent. 

Formatim of Ethyl D~methylglutccz~necnrboxylate, 

Ethyl  P-imino-a-cyano-aa'-dimethylglutarate dissolves readily in  
twice its volume of concentrated sulphuric acid, and if after 5 hours 
the solution is poured into water, a large quant i ty  of the  above com- 
poiind is precipitated on partially neutralking. The yield is about 
50 per cent. of the theory, the  filtrate furnishing methylmalonic 
acid. Ethyl  dimethylglutazinecarboxylate crystallises from glacial 
acetic acid in  small, colourless leaflets, which melt and decompose at 
235'. It is appreciably soluble in  hot water and dissolves in a mixture 
of one par t  of water to one par t  of alcohol; i ts  neutral solutions give 
a deep violet colour with ferric chloride. It is insoluble in cold alkalis, 
bat  dissolves on warming ; with acids it forms salts which a r e  dis- 
sociated by water. 

0 9 2 1 3  gave 0.4293 CO, and 0,1219 H,O. C = 52.91 ; H =  6.13. 
C,,H,,0,N2 requires C = 53.1 ; II = 6.2 per cent. 

The Iiydq*ocl/Zoride separates from concentrated hydrochloric acid in  
small, transparent prisms. 

The dibenxoyl derivative is prepared by boiling the ethyl salt 1vit.h 
benzoyl chloride until the  evolution of hydrogen chloride ceases ; i t  
eepardtes on cooling, and can be crystallised from glacial acetic acid, 
when i t  is obtained in small prisms which melt a t  235". 

0.2122 gave 0.5137 CO, and 0.1003 H,O. C = 66-09 ; H = 5-96 .  
C,4H2,0,N, requires C = 66.3  ; H = 5.1 per cent. 

No definite products were isolated when ethyl dimethylglutazine- 
carboxylate was treated with nitrous acid, the  majority of the ethyl 
salt being recovered unaltered. 
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1754 BARON, REMFRY, AND TRORPE: THE FORMATION AND 

This base can be prepared by heating the foregoing ethyl salt with 
strong potassium hydroxide solution i n  a wide-mouthed tube until the  
oilour of ammonia becomes apparent. I n  this case also i t  is necessary 
t o  evaporate the  solution uiitil nearly a l l  the  water has been driven 
off before complete hydrolysis is effected. On acidifying with acetic 
acid, dimethylglutazine separates, and can be recrystallised from water 
forming yellow plates, which melt at a high temperature. It gives 
in  aqueous solution a permanent red colour with ferric chloride. 

0,2128 gave 0,4238 CO, and 0.1228 H,O. 

The yield of this substance is small, a quantity of methylmalonic acid 
being recovered from the filtrate. 

The dibenxoyl derivative is prepared by boilingdimethylglutazine with 
benzoyl chloride until hydrogen chloride ceases t o  be evolved ; i t  
crystallises from the  solution on cooling and when recrystallised from 
glacial acetic acid i t  forms small, glistening, yellow plates which melt 
a t  205'. 

C=54*32 ; H=6.42. 
C,HI,02N2 requires C = 54.5 ; H = 6.5 per cent, 

0.2005 gave 0.5104 (20, and 0.0897 H20. c' = 69.43 ; H = 4 97. 
C21€I1804N, requires C = 69.6 ; H = 5.0 per cent. 

Tormation of 2 ; 4 ; 6- Trioxy-3 ; 5-dinaetliy?pyridile, 

This substance was prepared by dissolving dimethylglutazine in  a little 
alkali, adding a solution of t h e  requisite quantity of sodium nitrite, 
and  pouring the  mixture into dilute acetic acid; a considerable 
quantity of nitrogen was evolved, and as no crystalline compound 
separated, t h e  solution was therefore evaporated to dryness, 
hydrochloric acid being added and again evaporated. The 
solid residue wits then extracted with alcohol, which dissolved out  the  
hydrochloride of the  above pyridine derivative. This was transformed 
into the  free base by dissolving it in  a little water and adding a 
solution of the  calculated quantity of sodium hydroxide, when the 
trioxypyridine separated in the  form of a brown precipitate. When 
recrystallised from water, it forms slender needles which a r e  usually 
slightly coloured, and which give in aqueous solution a red coloration 
with ferric chloride. 

0,1911 gave 0.3778 CO, and 0.0944 H,O. c'=53*92 ; H=5.49 .  
C7H,0,N requires C = 54.2 ; H = 5.8 per cent. 
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REACTIONS O F  IllfINO-COXPOLJNDS. PART I. 1755 

Prolonged action of concentrated hydrochIoric acid or  dilute ( I  : 4) 
sulphuric acid does not hydrolyse dimethylglutaziue to  the  correspond- 
ing pyridine derivatives. 

On prolonged boiling of ethyl p-i mi no-a-cgano-au'- di me t h y lgl u t a ra  te 
with dilute mineral acids, dimethylglutazine is the sole product. 

Ethg I p-Imino-a-cya.il.o-aa'a'- trimethplylutarate, 
C0,E t CMe, C(: NH) CMe (C N) *C: 0,E t. 

This substance may be prepared by two methods : 
I. Treatment of ethyl P-imino-a-cyanoglutarate with sodium 

ethoxide and methyl iodide. I n  order to  obtain a pure product by this 
method, i t  is necessary to  repeat the process three times, on each occa- 
sion using a n  excess of sodium ethoxide and methyl iodide, since the 
introduction of the  last methyl group seems to  take place with some 
difficulty. The ultimate product boils at 200°/30 mm. and sets t o  a 
solid mass on cooling; when recrystallised from dilute alcohol, it is 
obtained in  small prisms melting at 11 3". 

0.1927 gave 0.4099 CO, and 0,1252 H,O. C = 58.01 ; H = 7-22, 
C,,H,,O,N, requires C = 58-2 ; H = 7-4 per cent. 

11. By the action of methyl iodide on the sodium compound formed 
in the condensation of ethyl cyanomethylacetate with i t s  sodium 
derivative. I n  this case, the product of the condensation, prepared as 
described on page 1736, was treated with excess of methyl iodide 
and boiled on the water-bath until the  gelatinous sodium compound 
had completely dissolved. Water  was then added and the oil which 
separated extracted with ether. The boiling and melting points of the 
substances were found to  be the same a s  those given above. 

0,2013 gave 0.4276 CO, and 0.1324 H,O. C = 57.93 ; H = 7-31. 
C,,H,,O,N, reqaires C = 58.2 ; H = 7.4 per cent. 

Zthyl p-lnaino - a-cya 120-a- met h y lisobut y lace t CC~S, 

PrpC'( :NH)*CMe(CN)*CO,Et. 

Ethyl  P-imino-a-oyano-aa'a'-trimethylglutarate only dissolves in  a 
30 per cent. aqueous sodium carbonate after prolonged boiling, and 
whenall has dissolved the solution on cooling deposits the above com- 
pound. It crystallisea from absolute alcohol i n  large, transparent 
prisms which melt at 135'. 

0.2091 gave 0,4686 CO, and 0.1507 H,O. C =  61.12 ; H =  8.01. 
CIOH,,O,N, requires C = 6 1.2 ; H = 8.2 per cent, 
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1756 BAROIC’, REMPRP, AND THORPE : THE FORMATION AND 

On acidifying the sodium carbonate mother liquors, nr, ethyl hydrogen 
salt was precipitated, the conditions of the  experiment being such t h a t  
only the  above compound was formed. 

Ethyl C~nnoisob.LLt?/ryZn~~t~~~~acetate, Pr~CO*Cikle(CN)*CO,Et. 

The conditions of the experiment were the same as  those indicated 
in  the previous cases. 

The ethyl salt was boiled with dilute (1 : 4) sulphuric acid and a 
current of steam passed through the hydrolysing mixture. Ethyl  
cyanoisobutyrylmethylacetate, which passed over with the  steam and 
was extracted from the  distillate by means of ether, is a mobile liquid 
boiling at 240’ under the  ordinary pressure. 

0.2125 gave 0.4732 CO, and 0.1419 H,O. 
C,,H,50,N requires C = 60.9 ; H = ’7.6 per cent. 

Ethyl  P-imino-a-cyano-aa’a’-trimethylglutarate dissolves slowly on 
boiling in aqueous sodium hydroxide, and if the  heating is continued 
until no more ammonia is evolved, the solution, on acidifying, saturating 
with ammonium sulphate, and extracting with ether, yields a solid 
which was found t o  consist of a mixture of methylmalonic and 
dimethylmalonic acids. These acids were separated by rezrystallisation 
from concentrated hydrochloric acid, from which solvent dimethyl- 
malonic acid crystallises, leaving methylmalonic acid in  solution. 

Three recrystallisations sufficed to  cause the former acid to  show 
the  correct melting point (185’). 

0.2129 gave 0.3529 CO, and 0,1153 H,O. 

C = 60.73 ; H = 7-42. 

C =  45.21 ; H =  6-02, 
C,H,O, requires C = 45.4 ; I€ = 6.1 per cent. 

The metLylmalonic acid was extracted from the mother liquors and  
found t o  melt a t  130’. 

W h e n  ethyl P-amino-a-cyano-aa’a’-trimethylglutarate is  dissolved in  
cold concentrated sulphuric acid, and the  solution, after 2 hours, is 
poured into water, no precipitation takes place, but  the  solution smells 
strongly of isobutyric acid. 

When neutralised with ammonia and again acidified with hydro- 
chloric acid, the solution gave, on extraction with ether, a crystalline 
substance which proved to  be a mixture of methylmalonic and 
dimethylmalonic acids. 

Evidently, therefore, the  glutazine derivative is not formed from 
ethyl P-imino-a-cyano-aa'a'-trimethylglut prate under these conditions, 
the  ethyl salt breaking down into straight chain degradation products, 
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REACTIONS OF IMINO-COMPOUNDS. PART I. 1757 

Zthyl  p-lnzi?2o-a-c?lcc~ao-al-et?~~lglutarate, 
C:O,Et*CHEt*C( :NH)+CH(CN)*CO,Et. 

If the gelatinous sodium compound produced in  the condensation of 
ethyl cyanoacetate with its sodium derivative is treated with excess of 
ethyl iodide and heated on the water-bath until the  sodium 
compound has dissolved, the above ethyl salt is obtained on adding 
water, extracting with ether, and fractionating. It boils a t  
215O/20 mm. and crystallises from dilute alcohol in  prisms which 
melt at 68". 

0.2019 gave 0.4183 CO, and 0.1275 H,O. C=56*51 ; H=7*02. 
CI2Hl8O4N2 requires C = 56.7 ; H = '7.1 per cent. 

Ethyl p- I~2~iq.r 0-a -cycino-n-cap*o lu, t e, PraC( NH)  C H( CN) *CO,E t, CG d 
Ethyl Nycli*ogen P-lmi?ao-a-cyano a'-eth?jlglutarute, 

CO,H *CHE t * C(: NH)*CH( CN) *CO,Et. 

Ethyl p-imino-a-cyano-a'-ethylglutarate does not readily dissolve in  
30 per cent. aqueous sodium carbonate, and i t  is necessary to  boil for 
some time before complete solution is effected. On cooling, a crystal- 
line substance separates, which was found to  be ethyl P-imino-a-cyano- 
n-caprolate. It separates from absolute alcohol in  small plates which 
melt at 115O. 

0.2199 gave 0.4774 CO, and 0.1488 H,O. C = 59-21 ; H = 7.52. 
C,H,,O,N, requires C = 59<3 ; H = 7.7 per cent. 

On acidifying the  sodium carbonate solution, a quantity of crystals 
separated. These were collected and found t o  consist of ethyl hydrogen 
/3-imino-a-cyano-a'-ethylglutarate. When recrystallised from hot  water, 
this substance forms transparent prisms which melt a t  153O, giving 
off carbon dioxide a t  170°, and between these temperatures being 
converted into ethyl ethylglutazinecarboxylate. 

0 2357 gave 0.4573 CO, and 0.1 30s H,O. C = 52.92 ; H = 6.1'7. 
CI,H1,O,N, requires C = 53.1 ; H = 6.2 per cent. 

Ethyl Cyanobutyrylcccetate, PraCO*CH(CN)*CO,Et~. 

When ethyl /3-imino-a-cyano-n-caprolitte is b d e d  with dilute sul- 
pliuric acid and steam is passed through the  solution, the  above 
compound passes over with the steam, and can be extracted with ether 
from the aqueous distillate. It is a mobile liquid, boiling at 235O 
under the ordinary pressure. 

D
ow

nl
oa

de
d 

by
 H

ei
nr

ic
h 

H
ei

ne
 U

ni
ve

rs
ity

 o
f 

D
ue

ss
el

do
rf

 o
n 

25
 M

ar
ch

 2
01

3
Pu

bl
is

he
d 

on
 0

1 
Ja

nu
ar

y 
19

04
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
T

90
48

50
17

26

View Article Online

http://dx.doi.org/10.1039/ct9048501726


1758 BARON, REMFRY, AND T H O R P E :  THE FORMATION AND 

0.2009 gave 0,4326 CO, and 0.1269 H,O. 
C9H,,03N requires C = 59.0 ; H = 7.1 per cent.. 

E thyl  P-imino-a-cyano-a'-ethylglutarate dissolves on boiling with 
aqueous caustic soda, and if the  heating is continued until ammonia 
ceases t o  be evolved, the  product, on acidifying, saturating with 
ammonium sulphate, and extracting, yields ethylmalonic acid, crys- 
tallising from concentrated hydrochloric acid in  small plates which 
melt at 112'. 

C = 58.73 ; H = 7-02, 

0.1799 gave 0.2982 CO, and 0.0976 H,O. 
C,H80, requires C = 45.4 ; H = 6.1 per cent. 

Malonic acid (m. p. 132') was obtained from the mother liquors on 
evaporating t o  dryness and extracting with ether i n  a Soxhlet 
apparatus, 

C = 4 5 * 2 1 ;  H = 6 . 0 3 .  

NH<CO*CH(CO,EX) co-- C H E t > ~ : ~ ~ .  

This compound is best prepared by dissolving the ethyl salt in  twice 
its volume of concentrated sulphuric acid and leaving the  mixture for 
1 2  hours. On pouring into water, no precipitation of the  base imme- 
diately takes place owing t o  the stability of i ts  sulphate ; if, however, 
ammonia is cautiously added, a white precipitate is produced. 

When recrystallised from glacial acetic acid, ethyl glutazinecarb- 
oxylate forms small, colourless prisms, which melt at 212' to  a red 
liquid. I t  is soluble in  caustic potash solution in  the cold, from which 
a bulky potassium salt slowly Separates. It also dissolves in  hot 
concentrated hydrochloric acid, and the  solution on cooling deposits 
the  hydrochloride in  the form of small, colourless prisms. 

Ethyl  ethylglutazinecarboxylate gives in alcoholic solution a green- 
ish-blue coloration with ferric chloride. 

0.1566 gave 0.3076 CO, and 0.0954 H,O. 
0.1207 ,, 1 4  C.C. nitrogen at 20' and 757 mm. N =  12.7. 

The dibenzoyl derivative, prepared in  the  usual way, separates from 

C = 53.57 ; H = 6.13, 

C,,H,,O,N, requires C = 53.1 ; H = 6.2 ; N = 12.4 per cent. 

glacial acetic acid in  lustrous plates which melt at 229'. 

0.1725 gave 0.1488 CO, and 0,0763 H,O. C =  66.21 ; H = 4.91. 
C,,H,20,N, requires C = 66.3 ; H = 5.1 per cent. 

I n  one experiment, the sulphuric acid solution, when left for only 
3 hours, was poured into water and the  mixture allowed t o  get  h o t ;  
on cooling and partially neutralising with ammonia, a white precipi- 
ta te  separated, which was found to consist of ethyl ethylglutazine- 
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REACTIONS OF IMINO-COMPOUNDS. PART I. 1759 

carboxylate and another substance. The la t ter  mas extracted by 
means of warm absolute alcohol and recrystallised by dilute alcohol. 
I n  this may, i t  was obtained in  the form of long, slender needles 
which melted a t  83". It proved to  be a n  acid soluble i n  sodium car- 
bonate solution with effervescence, and analysis showed tha t  i t  had 
the  formula C,H,,O,N. 

0.1428 gave 0.2821 CO, and 0.1007 H,O. C = 53.88 ; H = 7.83. 
0.1803 ,, 0.3538 CO, ,, 0.1236 H,O. C=53.52 ; H=7.61 .  

C,H,,O,N requires C = 53.7 ; H = 7.5 per cent. 

I n  all probability this substance is ethyl-hydrogen p-inzino-a'-etlAyl- 
glutarate, CO,Et*CHEt*C(: NH)*CH,*CO,H. 

Ethyl 2 : 4 ; 6 -T~~ioxy-5-etl~ylpyridilze-3-carbox~lc~te, 

N"<CO*CH(CO,Eb) co-- CHEt>CO. 

When a solution of ethyl ethylglutazinecarboxylate dissolved in  
warm aqueous caustic soda is mixed with a solution containing the 
calculated quantity of sodium nitrite and the mixture poured into 
dilute acetic acid, a considerable volume of nitrogen is evolved and the 
dark green solution slowly deposits crystals of the  above substance. 
The product crystallises from absolute alcohol in  the form of small 
prisms which melt above 260' and give in  alcoholic solution a deep 
purple coloration with ferric chloride. I t  is soluble both in  acids and 
alkalis, 

0.2001 gave 0.3869 CO, and 0.1010 H,O. C = 52.73 ; H = 5-61, 
C,,H,,O,N requires C = 52.9 ; H = 5-7 per cent. 

CO*CIXEt >co. 2 : 4 : 6-Trioxy-5-ethylpyridine, NH<Co -cCH, 
This base is prepared by the  hydrolysis of the  preceding ethyl salt 

with aqueous caustic potash. After  boiling for 2 hours, the dark 
product was acidified with hydrochloric acid and evaporated to  dryness, 
the  residue being extracted with alcohol. 

The hydrochloride of 2 : 4 : 6-trioxy-5-ethylpyridine dissolves in  the  
alcohol and can be recovered on evaporation. It was then dissolved in  
water and the calculated quantity of sodium carbonate solution added, 
when the  base separated a a brown, crystalline precipitate. When 
recrystallised from water, in  which it is fairly soluble, the  base is 
obtained in the  form of pale yellow leaflets which melt and decom- 
pose at about 245' and give in  aqueous solution a reddish-violet 
coloration with ferric chloride, 
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0,1992 gave 0.3945 CO, and 0.1006 H,O. C = 5 4 4 2  ; H=5.61 .  
C7H,0,N requires C = 5 1.2 ; H = 5.S per cent. 

Conversion of EthgZ Hydi-ogen P-lmino-a-cyano-a'-eth?/lglutccrnte i n to  
Ethy! Et7Lglglutax.iizecarboxyZcLte. 

This conversion is brought about by heating the  carefully dried 
and powdered ethyl hydrogen salt at  155" for from 10 t o  15 minutes. 
The substance first melts and gives off a small quantity of g a s ;  i t  
then resolidifies to  a yellow mass. When extracted with absolute 
alcohol, this product proved to be a mixture of a small quantity of 
ethyl P-imino-a-cyano-n-caprolate with ethyl ethylglntazinecarboxylate, 
the la t ter  being present to  the extent of about 80 per cent. 

This substance is prepared by heating ethyl ethylglutazinecarb- 
oxylate with strong caustic potash solution and boiling in n wide- 
mouthed tube until the  odour of ammonia becomes apparent. On 
acidifying with acetic acid, ethylglutazine separates and can be 
collected and recrystallised from water. I n  this way it is obtained 
in  the form of lemon-yellow plates which melt at about 260Oand 
give in  aqueous solution a red coloration with ferric chloride. 

0,1954 gave 0,3012 CO, and 0,1174 H,O. 
C7Hl,0,N, requires C = 54.55 ; I€ = 6.5 per cent. 

The dibenxoyt derivative, prepared in  the  usual way, crystallises 
from glacial acetic acid in  the  form of glistening plates which melt 
at 209'. 

C =  54-63 ; H =  6.67. 

0*2017 gave 0,5130 GO, and 0.0875 H,O. 

The oxime, NII<Co.C(:N**) CHEt>C:KH, is prepared by mixing a n  

aqueous solution of ethylglutazine with a n  aqueous solution of sodium 
nitrite and pouring the mixture into a 50 per cent. solution of acetic 
acid. The solution at first becomes red, but  gradually changes to  
yellow, and slowly deposits a yellow, crystalline compound. 

This substance, which is the free oxime, crystallises from dilute 
alcohol in  small, light yellow needles, dissolving in alkali t o  form a red 
solution which, when neutral, gives a deep bluish-green coloration with 
ferrous sulphate. 

C = 69.37 ; H = 4-82. 
C2,H1,0,N, requires C = 69.6 ; H = 5.0 per cect,. 

c'o--- 

0.1921 gave 0.3214 CO, and 0.0816 H,O. C = 4 5 . 6 3 ;  H=4.'72. 
C7H,0,N, requires C = 45.9 ; H = 4.9 per cent. 
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Strong mineral acids are, under the ordinary conditions, without 
action on ethylglutazine, and we have been unable as yet to  prepare 
the  corresponding trioxypyridine derivative in this way. 

Experiments having for their object the preparation and investiga- 
tion of these substances are  in  progress, as well as the  study of 
similar condensation products formed by the  interaction of ethyl 
cyanoacetate and other compounds containing negative hydrogen 
atoms. 

Much of the expense entailed in  this research has been met by a 
grant  from the Research Fund of the Chemical Society, for which we 
desire t o  express our indebtedness. 
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