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Chemistry. - "Glutaconic acid". (I). By Dr. P. E. VERKADE. (Oom­
municated by Prof. J. BÖESEKEN). 

(Communicated in the meeting of NovembE'r 27, 1915). 

In a series of very interesting communications 1) entitIed: "The 
chemistry of the glutaconic aC'ids" J. F. THORPE has given a fairly 
complete survey of the peculiar structure and isomel'ism phenomena 
noticed more in particular in the case of the alky 1 and ary I deriva­
tives of glutaconic acid ano their anhydrides, dicarboxy-esters etc. 

A short time before the appearance of the first publication of this 
series (in 1911) I had noticed, in an effort to cletermine the hydration 
constant of the glutaconic anhydride, deviations in the normal pro­
gl'ess of the hydration process which could not then be explained, 
bnt the explanation of which iR now very simple owing to the 
above mentioned investigations of THORPE (according to which this 
anhydride must be regarded as 6. hydroxy- a. pyrone). In other 
words the results obtained by THORPE by means of a ]JU1'ely chemi­
cal p,,:ocess were confirmed by a physico-chemical method. 

It speaks for itself that 1 subsequently tried to also confirm other 
pecuIiarities of these acids by a physico-chemical investigation; in 
the Rubjoined, a start is made with the pub1ieation of the results 
attained. 

By various ways, which need not be discussed here, 
has demonstl'ated that in the glutaconic acid molecule: 

OOOH - OH 2 - OH = OH - OOOR 
a ~ r 

the a and the r position are identica1. It appeared, fol' instance> 
that from the a Et. r Me. a-carbethoxyglutaconate: 

(Et 000)2 . 0 Et - OH = OMe - 000 Et 

as weIl as from a Me. r Et. a-cal'bethoxyglutaconate: 

(Et 000)2 . OMe - OH = C Et - 000 Et 

the same acid was formed by a very careful hydrolysis (whel'e a 
reversal was excludecl). A true methylene group (OH2-) is not 
present in these acids; one of the H-atoms of this group is mobile 

1) THORPE, Soc. 87, 1669 (1905) etc. 
THORPE and THOLE, ibid. 99, 2187, 2208 (1911). 
THORPE and BLAND, ibid. 101, 856, 871, 1557, 1739 (1912). 
THORPE and WOOD, ibid. 103, 276, 1579, 1752 (1913Ji 105, 282 (1914). 

Soc. 87, 1669 etc.; 99, 2187, 
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and is simultaneously under ihe influence of both tile a; and the y .. 
carbon atom, whieh is best symbolised as follows: 

".---.... ,'-- ... 

C 0 0 af - c ie - è áe - è",'Je- co 0 at:, 
...... ~ 

In this case the double bond lS "jloa tin,q" , In one of the following 
communications I hope to elucidate this formula by a model. 

[In the aa-dialkyl-snbstituted acids these mobile hydrogen atoms 
are wanting. These acids, in fact, form a separate class where the 
double bond is fixed Imd thus a pure cis-transisomerism occurs.] , 

If an acid belonging' to the "mobile class" is dehydrated under 
definite conditIons a hycb'O:.lJyanhycl1'icle IS formed, namely a deri­
vative of the a-pyrone: 

OH-O=O 

f '" o 0 '" / OH=OH 
I 

If now th is hydroxyanhydride is rehydrated in turn the original 
1W1'lnal acid is genel'ally regenerated, fol' in stance : 

C'Je - CO COf-COOdt .Cd( - cooat 
11 \ I ' "-, I - .... 

c;{e \ ........ 
fALe. 0 ~ --;c1{ ~ 

I / 11 I I / I .. 
\ ,.~ 

C~ - (- o~ c. ïJe. - CoO~ .... C à{ - cootJe 

Hence, the formation of the normat acid is preeeded by that of 
another one, the labile acid. In some cases - whel'e the hydl'ogen 
atoms wel'e less mobile, - this labile acid has been successfully 
isolated, namely by hydration of' the hydroxyanhydride with an 
excess of strong alkali, Ol' with dilute alkali in presence of casein 
as anticatalyst. 

This labile acid possesses two bonds and, therefore, should be 
obtainable in two forms (cis and trans); this indeed has succeeded 
with j3-phenyl-a-glutaconic acid 1) so that we 1l0W know three iso­
merides of the acid, \vhieh is certainly the most powerflll support 
1'01' THoRPE's eonceptions. The other labile acids are, as yet, knpwn 
in one form only; pl'obably (with the exception' of the a-benzyl-J1-
methylglutaconic acid) this is always the cis-form. 

~ 1) Soc. '103, 1579. 
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Now what about the relation of the glutaconic acid in regard to 
this theory? 

r. Glutaconic acid may be obtained by a number of "ery different 
proeesses, whirh will be discussed here, lJI·iefly. 

A. Method of CONRAD and GUTHZEIT 1). By condensation of 2 mols. 
of malonic ester and 1 mol. of chloroform with sodiu m ethoxide, 
Na-dicarboxylglutaronic ester is formed which is then separatect anel 
saponified. 

With this method of preparation are closely connected: 
1. that from isoaconitic ester 2) which is formed for instanee, by 

incomplete saponification of the dicarboxy 19lutaconic ester. 
2. that from 6. etlw,vy. a pY1'one 3.5 clica7'bo,vylic este1' 3) (formed 

by distillatioll of the dicarboxy I ester etc.). 
The melting points of the acjds thus obtained mostly val'y between 

130°-134°. 
B. PECHMANN-BLOISE 4) based on the saponification of the glutaconic 

ester formed by cleavage of ace tic acid from the acetyl-fJ-o,vyglutal'ic acid. 
C. Me'thod of MORGEN&TERN and ZERNER 6). By sapollification with 

stl'ong alkali of the fJ-oxyghdaric dinitrile obtained by the action of 
potassium cyanide or dichlorohydrin a little glutaconic acid w.:as also 
formed. The melting point is given here as 129-129~.5. 

D. Method of VON PEGlIIANN 6
), which is based on tlle decomposition 

of cumalic acid (a-pyrone 3 carboxylic acid) by boiling with baryta. 
The acid so obtained is stated to meIt at 132-134°. 

E. lVIethod of BUCHNER 7). The acid is formed by the saponifiration 
of the dimethyl ester formed in company with that of Trans 1. 2. 
tl'imethylene dicarboxylic acid by cleavage of nitrogen from the 
ac/'ylcliazoacetic ester (pYl'azoline 3.5. dicarboxy lic ester.) 
. The acid so obtained meIted at 127-128°. 

In addition thel'e occur in the litel'atllre a few other methods of 
preparation Ol' formation, of less importance. 

ln RICHTER'S Lexicon a distinction is made between : 

cis-propen. ay. dical'bonsaure (ciE.-Gllltakonsaure) 
and isom-propen. ar. dicarbonsaure (Glutakonsaul'e). 

The statements in the literature relatmg to the above syntheses 

1) Ann. 222. 253 (1883); Ber, 15. 2841 ~1882) etc. 
2) CONRAD and GUTHZEIT: loc. cito 
3) GUTHZEIT and DRESSEL: Ber. 22. 1425 (1889). 
4) Ann. 261. 157 (1891): Ber. 24. 3250 (1891), Bull. (3) 29. 1013 (1903). 
6) Sitz. ber. Akad. Wien 119. 589 (1910). 
6) Ann. 264. 301 (1891). 
7) Ber. 23. 703 (1890), Ann. 273. 2~8 (~893). 



- 5 -

984 

are however distributed al'bitrarily over these two "isomerides" so 
that this distinction is quite worthless. 

A serious investigation as to the eventual identity of all these kinds 
of glutaconic acid has nevel' been taken i!J hand; the investigators 
have always been content to 'p1'onounce this identityon account ofthe 
melting point of the diffel'ent acids 1) whir.h was always fairly weIl 
the same. Still a similar invesrigation would be of importanee; 
suppose the identity of all the acids was established, it would then ~ 

be evident that there exists one form of glutaconic acid which 
exceeds over all other possible isomerides by a very great stability, 
for this variety was formed in all kinds of conclitions. A simllar 
great difference in stability does not occur as fal' as \ I know with 
a series of cis·transisomerides. Hence, I haye endeavoured in the 
firRt place to furnish the proof for this identity. 

It should be mentioned here that PERKIN and TATTERSAU 2) have 
tried in various ways to obtain a second isomerides of glutaconic 
acid, but always without success. They always obtained either the 
acid already knowll or the tmns·trimethylenedica1'boxylic acid. 

Il. The question whether to the known glutaconic acid appel'· 
tains the cis· or the trans-formula has been decided by HUORNER 3) in 
fM'our of the cis·formula and thi~ on account. of the ready formation 
of anhydride on boiling with acetyl chloride. This way of arguing 
is not satisfactory; it is generally known that fumaric acid on treat· 
ment with acelyl chloride 4), phosphoruspentoxide 5) Ol' pentachloride 6) 

is con verted into maleinic anhydride. Moreovel', the formation of 
anhydride pro(~eeds anything but rapid. 

If to t11e glutaconic acid apperlains the symmetrie stl'ucture sug· 
gested by THORPE it may be expected that this aeJd wiU possess 
neithel' all the characteristic properties of the cis· nor all those of 
a trans·acid, but will behave either as a cis or trans in reactions or 
uefinite properties, which can give exclus~ve e\'Ïdence as to cis· Ol' 

trans·positions of the carboxy 1 groups. 
I have been ab Ie to demonstrate the COl'rectness of thiE:. view in 

the case of a few reactions and properties. 

1) Compare BUCHNER: Ber. 27. 881 (1894). 
2) Soc. 87. 361 (1905). 
3) loc. cit. 

40) ANSCHUTZ: Ber. 14. 2792 (1881). PERKIN : Bel'. 15. 1073 (1882). 

5) TANATAR: Journ. Russ. phys. chem. Ges. 22. 312. 
6) VOLHARD: Ann 268. 255 (1892), 278. 31 (1893). 
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lIl. It was possible à prIOrI that in this acid wherein we a'lsume 
the presence of a floating double bond the reduction velocit~7 should 
be different from that of an acid with an ordinary double bond. I 
have, therefore redl1ced glutaconic acid and also aconitic acid 1) 
(wh ere we meet with a similar mobile hydrogen atom) a-acording 
to the methods of PAAL, S'KITA, and WUJIJSTÄTTER, meaRured the velo­
cities of these reductions, and compal'ed them with those of sorne 
other unsaturated acids. And indeed some peculiar differences now 
came to light. 

Whether the velority measured is a tl'ue 1'eaction vel(lcity or some 
kind of clijlusion velo city does not matter here. Fot' in the latter 
case some diffeI'ences in diffusion power would have heen noticed 
between these two kin dE. of double bonds. The reduction experiments 
execl1ted, howevel', elllcidated tbis question somewhat; hence, I 
wiII again re fel' to the mechanism of these reduction processes 
more fuIly. 

IV. According to THORPE'S investigations 2) glutaeonie acid yields 
all hydroxyanhydride: 

CH-C=O 
f "-, 

CH I 0 (6. hydroxy a pyrone) 

'" / CH=C-OH 

whieh on hydration under different conditions -- hence, also with 
strong alkali or in the pl'esence of easein - repro duces the same 
acid (mp. 137°). The labile acid whose fOl'mation precedes that of 
the normal acid is, therefore, ver)' unstable. 

The question IlOW arose, however, whet11er the existence of 
this labile acid (of the labile acids, respectively) might not be 
demonstrated by a physico-chemical process. For tbis it was necessary 
to observe as accurately as possible the course of the hydration of 
the hydroxyanhydride uIlder various conditions and at different tem­
peratures. These expel'iments will also be communicated fuUy in 
what follows. 

P1'eparation of ghttaconz'c acid by dijJ'el'ent met/wds. 

A. Tbe object was attained most rapidly by the process of CONRAD 

1) BLAND and THORPE: Soc. 101 1490 (1912). 
2) Soc. 101. 863 (1912). 
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, 
and GUTHZEIT; this howevel', is expensive as it starts with malonic 
acid and yields at most onlJ 20 0

/ 0 , 

The reaction between Na-malonic ester and chloroform took place 
entirely aceording to the directions OLCONRAD and GUTHZEIT, but 
with sufficient pl'ecautions much larger quantities (say 100 gl'ams) 
can be opel'ated with. The yield of Na-dicarboxy 19l1ltaconic ester 
recrystallised from alcohol is bad (40-42 0/0 of the theoretical) bu~ 
as demonstrated 'by OOUTELLE 1) in a \rery elaborate research it 
cannot be improved. 

Fl'om 'this Na-compound the ester was liber'ated with dilute acetic 
acid. The saponification of this dicarboxy 19l1ltaconic ester to glu ta­
cOllic acid has been studied elaborately br GUTHZÉIT and BOLAl\[ 2). 
They found that a saponification of the esters with alkalis gave very 
bad results as a considerable portioll decomposed into malonic acid 
and formic acid; on the other hand the saponification with hydro­
chloric acid proceeded ütirly rapidly. This, I have carried out as 
follows: 

Portions of 30 grams of the ester wer~ boiled with thrice the 
volume of hydrochloric acid (10 % HOI) \tnd half the volume of 
alcohol in a MONTAGNE 3) reflux apparatlls until the evolution of 
carbon dioxide has ceased, which took about seven hOUl·S. 

According to GUTHZEIT and BOI,A:M the reaction mixture must now 
be evaporated until a separation of crystals takes place at the surface ; 
sometimes this succeeds, but frequen tIy the crystallisation does not 
set in and aviscid. syrllp is obtained chiefly consisting of ~-oxyglu­
taric acid formed by the action of water on the glutaconic acid. 
The oest plan, however, is as follows: 

The liquid is neutl'alised with sodium hydroxide saturated with 
ether, again acidified with sulphurü.' acid and then extl'acted conti­
nuously with ether. Aftel' drying over calcium chloride the etl~ereal 
Soilltion is mixed with benzene and then left to itself, on evaporation 
of the ether a yield is obtained of 50 0/0 of the theoretical qllantity -
of glutaconic acid which is nearly white and melts above 130°. 

The cru de acid was titrated with baryte: 

0.1749 gram required 26.55 cc. Ba(OH)2 0.1009 n. ~l. 130.6 

0.1468" "22.77,, " 0.1009" M. 130.7 
Theory M. 130.05. 

The pnrification of the acid took place by recrystallisation from 

1) J. pl'. (2) 73. 49 (lÇl06). 
2) J. pro 54. 372 (,1896); 58. 407 (1898). 
3) Chem. Weekb!. 7. 375 (1910). 
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ethel'-benzene or by precipitation of the ethereal solution with 
petroleum ether. Amyl acetate (as recommended by TUTIN 1) is less 
suitable becanse glutaconic acid is still too soluble therein. 

The acid melted finally without decomposition aL 136°-138°. 
B. Ver.)' splendid reslllts are obtained by the process of VON PF.CH­

MANN-BLATSE. Stal'ting with citric acid, acetodicarboxylic acid was 
prepared according fo the directions of JERDAN 2) and this was reduced 
fo ~-oxyglutaric acid by VON PF.CHMANN'S process, aftel' which the 
glutaconic diethylester was obtained according to BLAISE via ~-oxy­
glutaric ester and acetyl·~-oxyglutaric acid. The yields are those 
stated by BI.AISE: 500 gl'ams of crl1de acetonedicarboxy lic acid gave 
+ 140 grams of gll1taconic est,er b.p. 128°-132° at 15 m.m. 

I saponified this ester by boiling with 100
/ 0 aqueous potassium 

hydroxide, using a little more than the theoretical quantitJ, until all 
had dissolved. The Sollltion was then acidified with sulphuric acid 

I 

and continuol1sly extracted with ether. This saponification was faidy 
weIl quantitative. 

The acid when recl'ystalised as stated above meHed at 136°-138°. 
C. According to the method of lVlORGENSTERN and ZERNER a 

prolonged boiling with strong aqueous potassiûm 1tychwvide of ~-oxy­
gllltaricdinitrilene we should expect, a priori, no glutaconic acid but 
fI-oxyglutaric acid instead. Howevel', FWHTER and DREn'us 3) showed 
that fI-oxJgllltaric acid (analogous to the monobasic oXJ-acids inves­
tigated by FITTIG 4) is converted on boiling with alkali into gluta­
conic acid. In the sJ'nthesis of MORGENSTERN and ZERNER, glutaconic 
acid is, thet'efore, a secondary product and I only needed to inves­
tigate the acid obtained by FWHTER and DRl<lYFUS method" 

Pme ~-oxyglutaric acid was obtained from the crnde syrup of this 
acid Ó) by warming for a few days with copper acetate. The Ou-salt 
was filtered off, washed with water and alcohol and decomposed 
with H2S, when the aqueous soilltion of the acid was evaporated 
to dl'yness in vacuum. 

10 gram!'> of that acid yielded, aftel' 24 bonI's boiling with 50 
gl'ams of 100

/ 0 potassillffi hydroxide, on extl'action with ether 5 grams 
of glutaconic which aftel' purification melted at 135°-137°. 

1) Soc. 91. 1144 (1907). 
2) Soc 75. 809 (no te} (1899). 
3) Bel'. 33, 1452 (1900). 
4) Ann 283, 58 (1894). 
0) The non-crystallisatioll of this crude syrup is attributed by VON PECHMANN 

JENISCH (loc. ciL) to the presence of a hypotheticaZ lactide-like s~tbstance. In 
reality, th is syrup contains considerable qllantities of (3,ox~Jglutaric ester (formed 
on evapól'ation of the alcoholic extl'acts) as was convincingly shown on distillation, 
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For pl'epal'ing large quantities of glutaconic acid this methed is 
c~nainly the Olle to be most l'ecommended; it is cheap and gives 
relatively high yields. 

D. 10 gl'ams of cumalinic acid were boiled with 60 grams of 
barium hydroxide in a l'eflux appal'atns~ until the bright red liquid 
was nearly coloul'1ess, which took ± 15 homs. A.fter removing the 
barium cal'bonate precipitate, the filtrate was shaken with ether, the 
barium was precipitated with sulphuric acid and aftel' fUtration the 
Iiquid was extracted eontinuously with ether. 

1 so obtained 1.7 gram of gluLaconi~ acid, melting aftel' the usual 
recrystallisation at 135°-137°. The yield amounted to 18% of the 
theory thus corresponding with VON PECHMANN'S stat~ment. , 

E. The linking of diazoacetic ethyl ester to acrylic I methyl estel' 
was cal'ried out as follows. 

A.n equimolecular mixture of ooth esters was heated in areflux 
apparatus for 2 days at ± 50°. The reaction ihen take~ pI ace without 
an,t sensible generation of heat Ol' elimination of nitrogen. 

The (generally thick-fluid) reaction product was heated in the same 
flásk at ± 180° and kept at this temperature until no more nitrogen 
was evolved. The residual oil was then distilled and the fraction 
107-117° at 10 m.m. was collected. The yield of the mixture of 
glutaconic acid and trimethylenedicarboxylic ester, as 66% of the 
theoretical amount. 

The ester mixture was now boiled with 100
/ 0 aqueous potassimn 

hydroxide, slightly in excess of the th'eoretical quantity, until all has 
iust dissolved; the whole was acidified with sulphuric acid and con­
tinuously extracted with ether. 

Owing to tbe extraordinary resemblanee in properties between 
gl u taconic and transtrimethy lenedicarboxy lic acid (in all sol vents 
these acids are both more or less soluble to the same extent w hilst 
the salts also do not exhibit serions differences) the separatioJl is 
very troublesome ; it further appeared that in addition to these acids 
a11othe1' cis-trimethylenedicarboxylic acid was present (although in 
smaller quantities) which IDight have been expected theoretically. !:Sy 
fractional crystallisation from water, from ether (with or' without 
addition of uenzene) and from ethyl acetate, I finally su~ceeded in 
obtaining the three acids in a pure conditiol1. 

a. Tmnst1'imethylene 1.2 dical'bo,vylic acid is, of the three acids, 
the one most soluble in ether and least soluble in ethyl acetate. It 
possessed all the properties comrnunicated for this acid by BUCBNER 
(loc. cit.). M.p. 175°. 

b. Ghüaconic acid melts aftel' l'epeated recrystallisations from ether-
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benzene at 136° -138°. In contrast with the adds mentioned under 
a and e it instantly reduced alkaline permanganate. 

e. Cis-tl'i~llethylene 1.2 dieal'bo::rylie acid has not been found by 
BUCHNER in tbis syntheóis. This ether is the first to pass into ether 
as it is very insolllbie in water. The m.p. was :139° in agreement 
with the statements in the literatllre; 011 mixing witb acid b or 
otherwise pl'epared glutaconic acid a considerable melting point 
depression occllrred. The acid did not reduce alkaline permanganate 
and was lIOt attacked by sodium amalgam at boiling heat. 

0.1131 gram required: 8.35 cc. N/9.48 b~ryta M = 130.2 
Theory M = 130.05 

I hope to refer to a few properties of these trimethy lenedi 
carboxy lic acids later. 

ldentity of the glutaeonie (leids obtained. 
The glutanic acid obtained according to the methods A-E had 

always fairly weU the same melting point (136°-138°); moreover, 
on mixing the various specimens the melting point l'emained quite 
unchanged. The appearance of the crystal-mass and the l'elative 
solubilities are the same for all specimens investigated. It is, there­
fore, certain that all t/w met/wels investigated yield tJle sa772e acid. 

The identity 'of these acids is confirmed by the results to be 
discussed in the communication to follo\\'; all kinds of the acid 
bebaved in the reactions to be stated, in e::ractly the same manne1'. 
In each method of preparation it is was tried cal'eflllly whether even­
tually an isomel'ic gilltaconic acid was present, but always without 
any reslllt, howevel'. 

The BÜCHNER diazoacetic ester synthesis has also a double theore­
tical importance. 

1 st. Let us imagine the linking as follows: 

G-'Je... - C 'Jf- C oo){e 
I ----+ C dCl.= C"Je - C 00 Ate 

..Jf 
-l 00 C _ C at'''''''''- 11 

'--.K 
U 0 0 C - c df- ~Jt- = JY 

( 

, 

, If now nitrogen is split off we obtain the glutaconic acid in the 
syrnrnetrie form as first proposed by PERKIN and TATTERSHL 1) 

HOOC-CH- OH-OH-OOOR. 
I I 

2nc1• The formation of cyclopropane derivatives beside an isomerie 

1) Soc. 87, 361 (1905). 
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unsaturated acid 1) is interesting because it again shows the sligltt_ 
d~ffe1'ence in ene1'!:!y bet ween 3-ring and double bond) a fact also 
al ready noticed by others. 2

) The difference in tension in the 3-rings 
and 2-l'ings is not so considerable by a Long way as demanded by 
the l'ing-tension theory of VON BAEY1!iR. That this theory does not 
hold good has been demonstl'ated by me pl'eviously by means of 
ql1antitative measllrements. 3) 

P1'opel'ties of glutaconic acid. 
The properties of this acid have already been frequently described; 

attention may be called to a few facts only. 

a. The melting point, aftel' keeping the acid fol' months over 
phosphorus pentoxide in vacuum is still quite unchanged. Hence, _ 
there is no question of anhydride formation in these cirC'lmstances. 

b. On evaporating an aqueous solution of the acid we obtain 
beside a little ~-oxyglutaric acid a brown sticky mass, from which 
is extl'acted by ether a very impure brown-coloul'ed glutaconic acid. 
The acid, therefore, appeal's to partly resinify. 

c. ·Wïth feITie chloride no discoloration takes place in alcoholic 
solntion, bnt in aqueous soilltion a b1'ownislt-red coloration occurs. 
Oontrary to UONRAD and GUTHZEIT'S statement 4

) this solution remains 
unchanged on boiling and no ferric hydroxide is deposited. 

Attempt to find a new synthesis of glutaconic acid. 
By THORPE and ROGERSON 6) ~-alkyl dern'atives of glutaconic acid 

luwe been pl'epared by condensation of N a-cyanacetic ester with 
acetylacetic ester or alkyl del'i\'atives thel'eof, fol' instance 

eN 
I . 

U<Me 
11 OH 

OHNa + OH ~ EtOOC.UNa(ON)-OMe=OH-OOO Et 
I ' I 
OOOEt OOOEt (Ethyl a cyano ~ methylglutaconate). 

On saponification with strong h} drochloric acid these esters yielded 
the desired acid in varying' quautity of ten beside pY1'idine derivatives. 

1) The unsaturated condition of glutaconic acid is also shown by the convers ion 
into dibromo·acid dioxyglutanic acitl, wilh bromine alld potassium permanganate, 
respecti vely. . 

2) BÖESEKEN: Overzicht der koolwaterstoffen I, p. 209 and 266. 

) 3) Handelingen XVe Ned. Natuur- en Geneesk. ~ollgres, p. 234. 
1) Ann. 222, 254 (18~3). 

G) Soc. 87, 1685 (1905). , , 

( 
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The 5uspicion now arose that the (readily obtainable) N a-formyl­
acetic estel' would react with cyanacetic acid as follows: 

ON 
I 

O<H 
11 ONa 

OH2 + OH ~ EtOOO.ONa(CN).OH = CH.COOEt + H20 
I 
OOOEt 

I 
OOOEt (Ethyl a cyano glutaconate). 

This indeed appeared to be so. 
, 60 grams of Na-formylacetic ester (which according to a statement 
in the liter at ure onIy consists of the desired compound to the extent 
of about 70 %) wel'e dissolved in 150 cc. of absolute alcohol. Imme­
diately afterwards 45 grams of cyanoaceti(' ester were added and the 
whole heated on a boiling waterbath for ± half an hoUl' (unti! 
the decomposition sets in). The yellow gelatinous cuntents of the 
flask were then taken IIp with dilute hydrochloric acid and th€' 
liquid shaken with ether. Aftel' wasping with dllute soda solution 
and water the ether was evaporated. The result was 30-35 grams 
(± 45 % of the theory) of a pale yellow, ,-ery thick viscid oil. 

In its properties tl1is ester completely resembIed the n-cyanoglu­
taconic ester obtained by GUTHZEIT and EYSSEN 1) from iso-imidodi­
carboylglutaconic ester with a-cyanoglntaconic ester prepared with 
aqneous sodillm hydroxide. It had a very bitter taste, gave a carmine­
red colonr with ferrichloride in Itlcoholic solntion and could not be 
distilled under anr circumstances. 2) 

Hy saponifying the ester with acids or alkalis GUTHZEIT and EYSSEN 
could isolate neitlte?' glutaconic acid no?' any otlW?' product of hydro­
lysis. I have myself tested this saponification with dilute potassium 
hydroxide, potassiuIU methoxide, hydrochlorir acid (10 % HOI), 
concentrated slliphuric acid and 30% hydrogen peroxide +potassium 
hydroxide and tested the reaction fll1ids careflllly with regard to the 
pl'esence of glutaconic acid, malonic ácid ethy 1-2.6-dioxypyridine.5. 
carboxylate, 2.6.dioxypyridine.5.carboxylic acid and 2.6.dioxypyridine, 
all products which lllight be expected here in consequence of the 
research of TrroRPE and ROGlmsoN. The result, however, was always 
negative. 
I The acid thus prepared is, therefol'e, certain to have another 
structnre. Probably it possesses an iso-imido structure: fol' instanee 

I 1) J. pl'. Chem. l2) 80. 34 (1909). 

2) The cyanoaconitic esters prepared by ERREI.tA P ASCIA130SCO (Bel'. 34. 3704) 
cannot be distilled even in vacuum without dt)composition. 
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COOEt 
I 

C-C=NH 
11 I 

OH 0 
I I 

CH=C-OEt. 
In harmony with this is the fact that in aU the saponificatioll 

methods investigated ammonia is 1'eadily split off. There ought then 
to be fOl'med 6. ethotlJy a pyrone clerwatives; the carmine color~tion 
which occnrs with all saponification products when exposed to the 
air eertainly points in this direction. 1) -

An effort to effect condellsation of the Na-formy lacetie ester wWl -
malonic ester to isoaconitic este1': 

H 
/ 

C-ONa 
11 
OH 
I 
OOOEt 

OOOEt 
I + CH2 

600Et 

COOEt 
I 

~ OOOEt -CH=CH-CNa 

(tl'iethy l-isoaconitate) 

I 
COOEt 

ended in failure. The two esters eertainly react on each other, but 
form Na-malonic ester and free formylacetic ester, the latter of 
which is subsequently converted into fOl'mylglutaeonic ester and 
trimesinic ester. 2) It is, therefore, a simple double decomposition. 
Nor has TaoRPE succeeded in getting the malonic ester to react 
with acety I-acetie ester. 

Chemistry. - "On 81ack Plwsplwrus" 13
). By Prof. A. SMITS, 

G. MEYER, and R. PH. BEeK. (Communicated by Prof. J. D. 
VAN DER WAA1.S). 

(Communicated in the, meeting of November 27, 1915). 

1. Introduction. 
Besides a second modification of white P, BRIDGMAN 4) obtained 

last yeal' a black form by subjeeting white P at 2000 to a pressure 
of from 12000 to 13000 kg. per c.m 2

• 

1) So, for illstance, several of the anhydrides of the glutaconic series (which 
are hydroxypyrone del'ivatives) obtained by TJ-IORPE and others give a dark wine 
red coloralion when their neutral solution is exposed to the air. 

2) Compal'e also WISLICENUS and BINDEMANN. Ann. 316. 18 (1901). 
3) ln th~ translation of the Dutch communication some passages have been 

challged. 
4) Journ. Amer. Chem Soc. 36, 1;344 (1914). 


