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X:r1 g 7' 

It has lo.ng been known that such co.mpounds as 

aceto.acetic ester, CHjco-C"-tb0c,.."s,benzo.yl acetone £l4sco.G\~OtC~) 

acetyl acetane CH~(,O,eHi~o·c..~3, aceto.ne dicarboxy1ic 

malonic ester 

or t in o.t he r wa rds, b 0 di es wh 1a h con t a in the 

group gave canflicting reactio.ns, sometimes 

acting as if the group - e,O·C-HLc:...o - were present and at 

o.ther times as if t~e group-c..(O#04):c..I/· eo- were present. 

PhlOrOglIlCinol~:;H) while formerly accepted as a hydroxy 

compound has lately been included amongst the previous ex-
. (1) 

~mples for reasans that will be brought out later. Laar 

considered tmt there was one substance daing duty for two . 
this phenomenon 

structural isomers and gave to}\. the name tautomeris'm J and 

accaunted for the peculiarity by the mobility ar shifting 

of a hydrogen ato.m. 

~he question as to whether aceto.acetic ether was 

af the keto. ar enal type was a subjeot of a lang discussion 

between Geuther who upheld the enol form and Frankland who 

favared the keto form. From the constitution of aceto-

acetic ether ttf.j.c.n. e.f1,.: <:"0 . 0 ~ ""~ 004" ~'!.. v{OH)', (.... ~ 't-o· e,,..l-\~ 

it ·seems that it ought to be an easy matter to. distinguish 

(1) Ber. 18,648 





2. 

be-tween the oarbonyl and the hydroxyl group, but on 

examining the addition products more closely one can 

see that the additio'n can be explained equally as well 

with the enolio as with the ketonic form. For an ex-

ample we will consider the addition of hydrocyanio acid. 

With either formula we arrive at the same product. 

C H:J 
I 
C-OH 

" c.u 
• 

Go- 0 0 c,.f-\s 

7- "'3 
C<>M 
I( 
e. ... 
I 

~ ($l \!,')... "" &' 

+ . 1-1(,'" 

e~:!t 
, "0 \~ 

_~ ~-~N 

t "'l,­
t,eC)~,...~~ 

T.hus we see that the data whioh is obtained ~ay have 

a double interpretation whioh rmy lead to conflicting 

oonolusi ons. 

The enol1o - c ~ H\: ('H . (!"o - struoture is strong­

ly supported by the ease with which it forms sodirum 
\ 

copper and iron salts. If we assume the ketone structure 

for the ester the aodinm atom would have to add itself 

directly to the carbon atom. This reaotionwhich at one 

time appeare .d startling has lost its peculiarity since 

similar condensations have been brought about 'between 

sodium and aoetylene. WiBlec~us.found, however, that 

one and only one atom of_~odiam could enter the molecule. 
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After replac ing the sodium by s-n alkyl radical the 

resulting acetoacetic ether was again able to take 

up an atom of sodium. He was thus indirectly able 

to replace the two hydrogen atoms by metals. Although 

i~ is true that the sodium salt is possible it is 

highly improbable that it would attach itself to the 

carbon direct when the strongly electro negative oxygen 

atom is available. This result favors the enol structure 

for the sodium salt C"'3·e{oN(2):(!H'C,OoC,~~. 

It bas been fou.nd further that wi th chloroformic 

ester u... t,oo ~ \\~ a derivative of the enol fbrm 
(I) .,.. ~ 

was obtaine d. t.tfl' vi o· (, C>o C')Jt4s ) ~ l!. H . <:"<:>0 e~Hs- and 

~ith ammonia gnd amines crotonic esters of the general 

resulted. With 

Acetyl chloride the sodium compound gives diaceto-
~H,.c..o 

acetio ether )C.H'c.,OOC, "5 which is evidence for 
c.~,. Co ,.. 

the keto structure. If( howeve r, th e react ion is 
~ 2) 

brought about in pyridine the acetyl derivative of 

hydroxycrot on ic est er e,"3· ~o (c!'o ~).,.3 ) : e H· <:'00 e,.,"" sis 

formed. The results seem to show that the constitution 

of the substance cannot be deduced from the nB. ture of 

the ierivatives as the solvent or the reagent itself 

(I) J. Prakt .Chem. 37 ,4-13 
(2) Ber. -21,3307. 
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may have an influenoe on one or the other of the isomers. 

The result of the deoomposition of aoetoaoetic 

ether with dilate and strong alkalis favors the keto strac­

ture' . With dilute alooholio potash the ether is oonverted , , 
in t 0 a ke tone . C/#3 0 (,0 0 C-H ~ : c...o:o c.,.... ,-I- ~,. --;::. ~ Hoc... 0 0 c.. H T (0 +C ~ Ott ,+, ~ 3 1- 1 $ 

HtOIH , , , , 
With conoentrated alooholio potash it deoomposes into an -

\ , , 
acid. <!.. KJ 0 C 0 \' C 1-4-z.- 0 ~o'.o (..Ao t-t '-.-- ~ ...-- 1.. ~'2. • ~ 0 t+ + e ,...,. 0 H 

I ~ ~ ~ r 
HO ~ H 1-#0: I-f 

On reduot ion it gives hydroxy butyrio Be id C!HjCHOH-CIS..' c,oo Ho 

It oombines with hydroxylamine to form oximino­

bu turio est er wh ich loses a lc.oho 1 an d passes in to methyl . 

oxazolene • ~t--S , 
e. =- /V'O H ' 
I 
e H "1o--, 
c.....o D e~ "!.r-

It un i tea with ppeny'lhydruzine ~ 'yo IYI/. I~ H1.., 

to form a hydrazone which loses alcohol and passes into . 
Phenyl methyl pyrazolone. 

cr1-4..:J 
c.~ , -I- U,..IV· M rv \. 1-+ or 
';'H-z-
c....ObC".H

J
,. . 

The sodium oompound with Iodine gives diaoeto-

succinio ether. C.p.~ ,e...o°f .1-1 • ~CJc.~I-I.J--- , 
a,N-"1' 4.<7 e . ~ , ~ e 1-1-

~ ::z. J 

These are the arguments advanced in favor of 

both struc turea. 'Ac etoaoetic ether and hydroxyorotonio 
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ether m83' be regarded as tautomerio substances. Which 

of the sub stances is the more stable dep ends upon the 

nature of tJl.e solvent an d reagen ts used. 

The condensation of acetoacetic ether with 

orthofonnic ether in ' the presence of aaetyl chloride 

is strong evidence in favor of the keto structure. 

Di~thyoxybutyric ester was the result of the reaction. 
~~ ~~3 
, ::J c.2-t-t~-o I _oc",'-\-.:.· 
S-- 0 -.. ) ~ ~.()c..,,-~~ ~ ~ - 0 c. ,~ ", 
7"'"1- c..,... ,",>0 ~ f-"'-a...- ..... J 

coot).. 1-45 c....oo c..~ Il~. 

If, instead of aaetyl chloride, aoetic anhydride 

is used the react ion which is typical of the - Co .~\o\}... ~ -

group taJm a place. 
, 
Co , 
CII"1-, 
c:...o 
I 

If 

, 
<:"0 , 
~ =; .~ l-\ 0<:'.,.. \-4~_ 
c:...() 
I 

Claieen, concludes that the - c....o - e,., - (J 0 - which 

'is present in this substance may play the part of the 

;~.· .O atom in a oarboxylic acid. 

the so t ion of sodium compounds of the -~o- c.,~ - (,...()-
. (1) ~ 

is utilized by Perkin to bring about the production of 

oyolio oompounds. When sodium malonic ester is treated 
, 

wi th ethylene bromide t cyclopropane dioarboxylio ester 

results. 

(1) Ber. 1902. 36~ 2091. 
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Ethylem bromide with acetoacetic ether and sodium 

ethyoxide yields acetylcylopropane carboxylic ester from 

4, J.,f~ > ,. < c. c . c-IV..J th e keto structure '-
~ H.:z.. ~C7~1!, .. 

and methyl 

dehydropentane carboxylic ester ffom the enol structure 
<rH-z-. -:0 ~. GH;s • 

C-H::z-- c..eO()~~l) 

Miohael has according to his positive and naga-

t ive theory shown that the sodium sal ts of the group 

- 4.0· c.-~ • Co - co ndense wi th unsaturated compounds 0 f the 

general formula Fr· (!I-I:~HX 0"\" Fr·c, :' C ' X where R is a 

positive or negative radical and X a strongly negative 

radical like a carbonyl or a cyanogen group. Michael 

condensed sodiQm malonic ester with cinnamio ester. 

c., HJ-e H: ~ H· ~o 01 #J- ti H~ tf H (!, t-I ,vA. • ~o D e~ tlJ -
. . + -

N4:L ~ H C t!!-o 0 e~ H.r):z, ~ H { ~C> 0 e~ 'a-);(" 
In this same way fumaria CDD1"'.,_c5" 1--1 maleic 

H. C. • c'OI:)c, He, t!!.oo c.~ Hr -
" ~~~ ~ • (!!,.. L.Occ;."'.J-

Ii· c. <'l"j~c. tt- .and 01 traoon10 If 00 ndense wi th tb9 
~ ~ H ~. (!..,o0s. II.J-

SQ,diwn sal t of malonia ao id. 
( 2) 

Claiaen was ODe of the first to bring about 

(1) J. Prakt. Chem. 35,351; 43,395; 45.55; 49,20; 
Trans. Chem.Soo. 1898, 73, 1006. 

(2) Annalen t 218,172. . 
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condensation between the grollp - ~o- c (~- co - an'd alde-

hydes by the act ion of flC£., - He sl1cceeded in bringing 

abollt a condenstation between acetoacetic ether and acet-

aldehyde. 
t"H~ , 
co , 
c.,.,~ 

I 
~oo ct..~-

( 1) 
Later Japp and Streatfe~ld·· ·by the use of ammonia were " able 

'J 

to bring about a condensation between phenanthraquinone 

and acetoaoetio ether. 
~ i-I6f- - C,...CI __ GOO ~ #',--
I I +~~ ~ 

'-
c:(. #.-,.c - Go c:....ooc.~ ~ . 

(2) 
It was Knoevenage1 who first used the primary and 

secondary an:ines and. he found :the!Il to be vary effective. 

A small quantity ot the amine was able to bring about a 

very extensive condensation. Knoevenagel explained the 

reaction 'by assuming that the amine f:1rst combined with 

the aldehydew1thtb9 loss of water and the setting free 

of an imino-compound. The imido group then reacted with 

bringing about the condensation and 

setting free the amine which is then able to react with 

another molecule. 
~#,,~ HO + l'I;:tfr~#J ~iJl;.CP: AI' e~#r r #~o 

<;-de~ ~<!.-H-, 

C611j-CH; /Ve~IIJ- ~JI;L'C. ~ ~:. C. (" #- -r CZ ~..v-~ -
, , ~~-
~t!Jd e,.,.N,r- ". - -, cQoc..':l.,,f"J-

(1) Trans. Chem. Soc. 43,27. 
(2) Ber 31, '138. 
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(1) 
Dains found that the formanidines of the type 

/IVH I'{ 
H'C~IV~ were very reactive with bodies like malonic 

ester, acetoacetic ester and was of the opinion .that 
.//V= 

the groups H·c;...~",_ and - C!.. (3 - C.".,.. - ~o-
./, ''.r 

'" IV", necessary for acetdiphenyl amidine H'(!'~ It.~ DC c.~ 

IY"~-

• • I 

were 

gave 

no reaction with malonic ester nor did ethyl malonic 

ester 
~OQO~ '}­

I/'f' ~-
CD~~#..>_ 

react wi th diphenj!. formamj aine • 

.Hewaainclined to the beli af that the reaction was 

first prec.edad· by an addit ion thus: 
/.K .1(- /V'H ,./ X 

'K'N'H· CH::.IV"r;' --r H2..~, ~ > ~#, ~ # 
Y 1i'- NH Y 

and this subsequently eliminated the substituted amine 

as follows: 
x " /Y ~-~H / / 

) t!.. II , C # --:::> 7(' ./\rH 'CH e, +7f ,lVH;L 
7/- /vH '\ y .x 

He admits, however, that "the reaction has simi-

lari ty with one put 

pounds of th~'type 

athe·r etc. forming 

forth by Knoevenagel by which com­
./H 

7[ . v~ react with acetoaoetic 
..... 1vF( 

"fI 
compounds of the type 7t. e ~ N R.. 

with the splitting off of an amine." 

In pursuing these reactions' we endeavored to 

determine what groups are necessarily present in order 

tba t su.ch oondensations wi th the group -c,o-c-I-+~-c..~ - shall 

(1) Ber 35, 2496. 
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take place and teok u.p principaily a further stu.dy of 

the types 
.41IfI.' 

and WI 

desire also to use the e8sy reactivity of the formamidines 

to determine the structure of several disputed bodies. 

Phloroglucinol behaves in most of its reactions 
(1) 

so far as is presently known as a tiibydroxyphenol. On-
(2) 

til . the synthesis by Von Baeyer oby heating diethyl sodium 
G. 0 0 ~ 0, Q 0 c..... "',-I ~~.)- - J 

with diethyl malonate ~~~ the malonate 
t:. CJ <:1 ~ ""'.r c...OC) c~ "'J-

only view held for ~he structural formula for phloro-

glucinol was the phenolic structure. 

~~ H.J'" co C D 

. - ~ . " 
co 
/" 

Coo ~,,~,., c IV#. C. /V~ H ~O()~1-"'J-

) 0 ~ 
COli ~ HreNo. c, /V"A CO (1). NJ -

I ° I -+ 4 ~ "fH 
C H 0 eO C. 0 C) C.., H, -

1- S . ° /" ~ v 

,,<;H 
e 00 e:2- 1-1.1- ..,.... 1-1 0 (~ 

On fusing the diethyl phloroglucinoldicarboxlate 

with potassium hydroxide the ethyl carboxyl group is re­

plaoed by hydrogen, phloroglucinol resulting. 

This react ion leads to t he ketone structure 
co 

:::Oc: of phlorogl uc ino1.On eX!llIlination 0 f phlorogluc inol 
c,,#.:z., . 

in the regular way wi th hydroxylamine it was fo und to give 

a. trioxime o. 

(1) Riohter Chemio de Koblenstaff Verbindungen 1906 
(2) Ber 18, 3458. 
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Btlt on the other hand, the evidenoe obtained 

by the aotion of phenylhydrazine ~ J./s- "'/t.,.,I-+"J-' is in 

a voertain. sense oonfusing, or at any rate, not very 

positive. Baeyer brings proof that the aotion of phen,l­

hydrazine is not a hydrazone but a hydrazide of the enol 

form oaused by the wandering of an H atom. 

~e arguments in favor of the enol structure 
c# . eD~ 

:,c/~c#tr are; its forroo.tion of a potassium Balt;~:Oc~k 
~ eoc.«jo c..H 

with KeJH ; its formation of the ether lIa(')cN:. with 
c~.G",Je..c:.~ 

e. N 

potassium hydroxide and methyl iodide; its formation 
, . c-ooc:.~ 

of a triaoetyl derivative IIG/',GH wi th acetyl ahloride • . 
c/(o 0 C <.-J eOCJc.~ . 

..3 e~ 

These reaations. however, may not be a guide to the' 

original substanae as it . is , . poss ible that the aation 

of these oompounds mB3 bring about an isomeric change 

from the keto form to the enol form, or vice-versa. It 

is generally conceded that the sodium and potassium salts 
1 

are in the · enolia (lond it ion. For this reason sodium could 

not be used, aB :a reagent to determine the structure of 

phloroglucinol. . The · oarbimide B a~e reagan ts which seem 

to he va . no effect on t he isomer ic types. Wi th phenyl 

carbimide ,f 1tJ- IV :~: 0 phl~~oglucinol conducts itself 
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like a trihydroxyphenol yielding a trioarbsnilide deriva­

tive which would go to prove that it has an enoli~ struc­

ture. 
~/+ 

K.::():: 
eN 

(1) 
Miohael and Smith in a reoent paper with the use 

of the tertiary amines as reagents for the differentiation 

between stabile enol and ketone derivatives come to the 

conclusion that phlorogluoino1 is on one hand a phenol; 

on the other a ketone , 'and that its properties are in har-

mony with the conception "that it is a ~drc>,"diketo.'~rihy:dro­

benzol. ~his is based on the fact that it formed oompounds 

wi th trialkylamines in apparently the same manner (that 

othe:r compounds reacted whi~h were believed to be anolic. 

The particular canpoa.nd isolated and analyzed corresponds 

however only. in s ' very rough way to 1he following formula, 
, . 

L~II~tl3)% . .'v(el-'5-) .. i which upon analysis yielded 30,4~; 30.2~ in-

stead of 28.6% ' as required by the formula·. 

Our wo rk goe·s to ' show tha t phloroglllc inol reacts 

with the ' fonnamidines in the following mariner. 

~4!OU GH~ .- /' /V H 4-c,.... - ";c..: cOc!.o e.:~: ::,.,-...:-
+- '" /I.'t:;, ~ AAo ttl' oe . c..-D ~ N~ oC c.e 

c~.t.. . 6 .... e,..,.,. 
'NH ca.-

whioh 113 strong evidence in favor of the keto struoture. 

(1) , Annalan 363; 36 (1908) 
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I~ order to study the act ion of thaformamidines 

on PhlorQglucinol we decided to use diphenyl formamidine 
NH~N . (1) 

jI.(,';/Vrt."J~- This was prepared according to Walther by the 

~ct iQ.n of aniline ~ H-~ N H~~ on ortho formic ether. 

.. ~he reaction goes with great ease. All that is necessary .. ~.: . • . . . ~, ~ -~ . 

_ : :i·s-~o.' ;p~e equivalent aroounts of the substances in a 
. . .... 

flask attachedGto a reflUx condenser and heat for t hour. 

T~~~ude product Which separates out on cooling is re­

cr~tallized several times from absolute alcohol. M.P .137
0 

The reaction ta.kes ~lece in the following manner: 
/ d~ "'J- H';).IVCC ~J.- / NH ~ #.J- "Nflrc'f ' 

JI.c... ~oc;l.· ~- .,...~~ H~N~ N J - ~ H -c, _ ~ H~ /-f"J - -~ /.I.e +I! H. ~u 
" ~lv«,.,.S "t:r 1-

o c~~_ H~ IV f N.J- . ' IV It ~ ~.J" 

After purifying the formamidine 2.73 gr. of it 

was placed with .63 gr. of phloroglucinol in a flask at­

tached to a reflux condenser and 50 cc. of absolute 

alcohol added. After heating for 15 minutes a -yellow 

precipitate began to separate out which gradually in­

creased in 1ulkas the he~ting continued. After 3 hours 

. bo iling the reac'ti-o'll was interrupted, and the yellowish 

silky precipitate fil tered off. The compo.u.nd was almos t 

insolubl e in alcohol, benzene, carbon disu.lphide~ ligroi~ 

ether bu.t soluble in ' chloroform. Recrystallized from 

(I) J. Prakt. ·Chem. 55, 4f (1891) 
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chloroform several tims and dried on a porous plate, it 
o 

gave a M.P. 303. On analysis, .3070 gr. of substance gave 

52.4 00. of N. at 23 C. and 736 M.M. pressure whio~ calou­

lates 9.70 % N. The percentage composition corresponds to 

the percen tage ni trogen (calculated 9.65%) 1n the oompound 

forred_ 'by the following .reaction. ,.. /H 
".e 'JVH~ H~ 

.~ 0 O 
/NI'Yf"!#- . . oe e.~ 

DC' "D. +.3 HoG.. ~ --::;:!!1>. It / # 

,-(, C CN.. N~~- ;C:~ C.°t!' , NAlf~" 
~ 2.. ''''.r'''N eo oJ 

Co 

. " The yield of 1:3:5 tr1formanilido cyolohexan-
..... . ' "*' . , 

trione amount'~'d to about 15%. It appears therefore tha.t 

in alcohol a considerable amount of phlorogl~cinol is 

ketonized. The marked yellow colo.r of t:re compound also 

pOints to a quinoid aon6~ruotion. Our result is a further 

proof of the presence of 3 keto groups and not one as . 
Miohael 'maintains, and affords a60ther neat proof of the 

s~'r~oture of phloroglucinol as determined by the action 

of hydroxylamine . . To oonfirm our re8~lt we decided to take 

up the aotion of another formanidine, namely methenyl di­

para pheni tidine or diethyl ether of 4 oxyphenylamido 4 

oxyphenyl imido me thane 

(1) 
I]his stlbsta:noe was :prepared .acoording to Walther by 

heating for t hour equivalent amounts of phenitidine 

(1) J. Prakt. Chem. 55:41. 
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, /. IfH~ tI~ ; _ 
~' H~ " , wi th orthofonnic ether 
" -.- "IJ e H:'" ,(~) 

1. ~ , 

in a flask attached to a reflux condenser. 

product is recrystallized several times from absolute 

alcohol until the proper melting point 114
0 

was obtained. 

4.22 gr. was placed with .63 gr. of phloroglucinol in a 

flask atta ched to a reflux condenser and 50 cc. absolute 

alcohol added. 

After 15 minutes heating a yellow silky, precipi­

tate began to separate. After hea ting fo r 3 hours the 

reaction wes discont inued. Thj.s substance was much more 

soluble in alcohol then the previous deriv8.tive and was 
o 

able to recrystallize from absolute alcohol M.P. 110. ' 

The compound on annlysis gave the following result 
o 

.2018 gr. of substance gave 13.4 eo. ., of N. at 22 C 

448 MM. ' This on caloulation yields 7.40% of N. The 

percentage composition corresponds to the percenta.ge 

( calculated 7.41% N) in the compound fo rme,d by the fol-

lowing reaction. " CII 
c!.o . . ~C:~OG:~/H 

~Qc:.H- " ~N. HtC.~.,cOC.j.~- ~ f~of'V'H ~Hf~of~# 
2.. +-.!J'" . e. ~ ~ HC ~H 

OC ~o IV £ HIf-o~ ,.., __ . " 
.) t:. " 

~ . ' • e"'N"'~H .... OCH_ 
. . ~~ ~~ 

This result conf~rms along with hydroxylamine 

the ketone stroofure for phloroglucinol. \Ve are unable 

to study the ocndensations of phloroglucinol with the 

\ 
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many substituted amidines as our supply of orthoformic 

ether was exhausted and we were unable to proc ure any 

in the United States market. 

Dicyandiamide or oyan~anidin is formed by the 

po1merisation of cyanamide /V~.~/'r or an evaporation 

of the same espeoially in the presence of some ammonia. 

Raus gave it the follovving consti tut iona1 formula 
oN H~ - t:, ;:::- I\r 

I I 
. /V =- C - Iv H~ 

while Baumann thought it Should have the following 

structure 

On the other hand, since it gives a derivative of bi­
(1 ) 

guanide or guanylguanidine ,/J.lH-z- with 
IVH=C, //NH 

IV H • ('!, '" ,.., If~ 

piperidine and guanazole 
/ #"H -NH 

NH~c I willi 
"IVH - C =- N H 

hydrazine hydrochloride, the following structure has 

Ie tely been acc epted If it pos ses sed 

amino groups it should give condensation products with the 
r~o~ I!,­

carboxyethyl groups of suoh esters as oxalic ester 
doo~~_ 

cyanacetic ester b/V'~fI;L ,b4?t:J e.~ I"'S"" orthoformic ester 

/ t7~ ... H.>"" 

fI·(!, ;:oa~J- On -'-the other hand if the latter formula were 
o c:.,..I'fs-

(1) Ber. 24, 899; Bar. 25,525. 
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c.orrect one would expect that it wo uld lose. the imide · 

group =N H with the methylene group-eo-c::..w;2..-e..o- of 

such compounds as · acetoacetic ester c~.GO'C.H~.~o~'Lff.J __ 

malonic ester ~ ~-o· eo. ~~ . ~o . 0 ~:L H.)- or barbi turic 

acid 

Heated 2.4 er. of dicyandiamide wi th 5.4 gr. of 

ortho-formio ester in a flask attached to a reflux con-

denser. If the /V1I;z... group were presan t we would exp ect 

from the previous experiments that a formamidine would 

form with ease. In this case, however, the formamidine 

did not form, \mich rather condemns the formula 
frfl,,- - ~ =- tV 

I I 
tV = c'/'V/-f2-

Placed .8 gr. dicyandiamide, 1.2 gr. barbituric 

acid and 50 cc alcohol in a lask · attached to a reflux 

condenser and heated. If the =/VlI group were present 

we would expect it to react with the methylene group 

and give us a condensation product. 

No compound separated. On evaporating the liquid and 
determination 

drying, a me 1 ting pointl\ seemed to show thE t no react ion 

had taken place. 

These experiments tend to show that the first 

formula is almost certainly incorrect, and to throw 
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doubt on the others unless it should be that the un-

substituted imid-group does not react wi th the methylene 

group. , The conditions ,affecting the removal of the 

imide group are, . as our resu.lt s tend to show ~ no t yet 

complete~y ascertu ined. 

Barbituric acid has, the following structure 
frH- t!-o 

I • 

7 0 4-~?-
/VH - ~G> 

In this subst 9.nce while the compound contains the group 

-~O~£.H::t.- c..,o- it is not a 'neutral ' ester such as' malonic 

ester, or acetoacetic ester, but an acid. Acids as a 

rule readily hydrolyze the formamidihes giving the acid 

amides. Nevertheless we hoped th9.t it would be possible 

to bring a bout reactions with it and the imino gro'.up. 

1.28 gr. of barbituric acid was heated vdth 1.96 gr. of 
/NII~ ~-diphenyl formamidineH.~~~g~ in an absolute alcoholic 

solution for t hour. At the end of this time a white 

crystalline solid had separated. The alcoholic solu-

t ion was~ tested wi th bleaching powder and wi th bromine 

giving goo d tests for aniline '. The substance was practi­

cally insoluble in the ordinary solvents and hence could 
". 

only be purified by a tedious method of extraction. After 
, ' the compound was 

repeated treatment with absolute alcohol filtered and 
' " 

dried on a porous plate. A-melting point determination 





showed that the body was neither barbituric nor the 

original formamidine. An analysis of the substance 

gives the following results: .3032 gr. of substance 

gave 51.8 oc of nitrogen at 26.24) C and 746 m; -m.pres­

aure. On calculation this gives 18.61 % nitrogen which 

corresponds with the nitrogen calculated (18.61% nitro­

gen) in the compound formed in the following reaction. 

'(H - <;- 0 ,/ 1"1"1 c;;.1-I.s.- r:-r'" - (!, 0 - ' 
G 0 CJ 11_ T H· (!... ~ ~ __ C / H -t t. ~s t'l ~1 • 
, , ~ ~' IV Gr.. 1# ... _ ~ 0 ~" 10,-
Iv H _ -~ 0 ~ • IV H ~HJ" 

""Ii' _ ~ 0 

From this we conclude that barbituric acj.d condenses 

with the forrnamidines, giving tls the derivative of 

methylene 5 barbituric acid or phenyl formamido barbi­

turic acid. 

To confirm our results we decided to take up 
idine h ~ot~mdB;midin~~"t4.",,,o~M.) .. 

anoth er fo ra:me.m- ft namely di para p en~ ~ ~ne .,·~~Iv - ._------
1\ ~ ,....o~ .,~. 

2.84 gr. of di para phenitidine was heated with 1.28 gr. 

of barQj.turic acid in an alcoholic solution for t hour. 

At the end of this time a white crystalline solid sepa­

rated. The alooholic solution gave a good test for 

phenitidine. The substanoe was -practically insoluble 

_ in all the common solvents and henoe could only be puri­

fied by extraction. After repeated treatment with aleo­
it was 

Tht-o~l A fil tered and dr ie d on a poro us plate. An analys is 

/ 
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of the compound gave the following results: .2858 gr. of 

substance gave 40.4 oc of nitrogen at 21 C at 750 m.m. 

pressure. On calculation it gives 15.87 % nitrogen. 
N# - c-c 
/ 1-

CD CH_-I-
" J 
/YN- Go' 

The % nitrogen is 'too high for the above compound which 

has 15.27 % nitrogen. This we concluded was due to 

some occluded ba.rbi turic a.c id which is extracted only 

with great difficulty. 

Reverting to Knoevenagel's reactions, the theory 

of the. mechanism of this reaction is th~t the primary 

amine forms an intermediate compound containing an imide 

group which condenses Wi th the methylene gro up of aceto-

acetic ester, malonic ester, etc. etc. thus 
~ ~H 
FI,C-HD -t 1\IHJ.c.>",ot- -«> pf,tZ-IV'i~- + H#-Q 

# "aile H 
/K ./1:_ ~ ~- r::? A ~ c: / ~ J- -+~ ... "")_ IV ~ .. !?, e., _ +- N .. t! --=;:- n· .... - ... ..... 

N"ft ...... J- ~.,a.~J- 'cr..Q ...... 1L~.I-

Th~s the primary amine is set free and can bring about 

fUrther condensations. Novv", if this theory be correct, 

then the intermediate compound if isolated ought to con­

dense with such bodies as acetoacetic ester, malonic ester, 

barbituria a.cid, phloroglucinol and other compounds con-

tainine the· (.,d. '-1+-;... - G 0- group. Benzyliclene aniline 

".1-+ 
't. I-IJ - c.. -

'IV~ II
j

_ 
oximes 

" c."'~ 
.I C!t-!J e.. =- IYOf'l J 

H /R 
hydrazones f Nj _ '~~IV ,,y,,t~- contain the group fI, e~NI'C that 

is to say they contain the imide or substituted imide group 

which is supposed to be formed in the intermediate compounds 
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whioh give rise to Japp's and Knoevenagel'a reactions. 

Accordingly we hoped that phloroglacinol woald give re­

.. aotions with these bodies, the Bubst ituted imide group 

breaking off with the h;{drogen of the-~-c..-I~-c~o- group. 

The following experiments were made without successful 

res ul ts; phloroglucinol with benzylidene . aniline f,HS'J:.~"iltr ; 
. eJI. 

phlorogluoinol with acetophenone oxime C~ ' C.~~OH 

phlorogluc inol wi th b enzophenone oxime '1--e /~,H:;;D'" 

phloroglucinol with benzaldehyde phenylhydrazone 
1'1' 

I. 
t 

f~;~~H~~ phloroglucinol with gluoose phenylhydrazone. 

From these results we conclude that the only group that 

re aota rea di 1y with th e group - eo - C!-f~ - ~ 
. ~ 

is 
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