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In a paper in 1885 Laarl discussed the phenomenon of
one substance doing duty for two structural isomers and called
this particular phenomenon "tautomerism". He illustrated this
Phenomenon by discussing several substances; Isatin occured

first. He represented the two isomers thus:

oH
/fiI/Aj
NH-C ot 5 t O\

The first one is formed by the interaction of diazobenzene
chloride and a-naphthol and the second by phenylhydrazine and
a-naphthaquinone. He mentions the twofold character of nitro-
sophenol or quinoneozime, which on the one hand, behaves like
a phenol and, on the other, like a dioxime.
-0
ON O
;;o ot
The classical tautomeric compound, acetoacetic ester

which permits of a problem between the following two structures:

CHyC@ﬁ):CH‘COOC;Hg angd cHch;CHz-CCX)cLHq

came under his attention. Since then numerous other compounds
with similar migratory hydrogen atoms have been observed by
chemists among which can readily be mentioned the following:

acetylacetone CH..co.cH, ( nC H, benzoyl acetone ¢, i, cocH.Coco m,.
, 3 ]

7

cyanacetic ester CN(H, COOC,Hs; malonic ester QM“‘fﬁfoCff¢J%

benzoylacetic ester ¢ H,-co-cHcooc,- oxalacetic ester (oo #s-
ik Qo
& Ha

1. Ber., 1885,18,648. dooc s,

16480¢s9







and other bodies containing _ . -cH.-CO- group. These bodies
sometimes act as if the ketone group were present and at other
times as if the enol group-coc#: - were present, the hydro-
gen seeming to shift to form the hydroxal group.

Laar's theory (tautomerism) of having one substance
do duty for two structural isomers is analagous to Kekule's
theory of the oscillation of hydrogen atoms in the benzene
molecules, and does not permit of a formula which could re-
~ present either struocture. The theory would have the molecules
o existﬁin a constant state of oscillatory change from the one
grouping to the other. This is not generally accepted accord-
ing to Lowryl for most chemists hold that the known forms of
such compounds are to be represented by a definite grouping of
atoms which under certain conditions pass over into the iso-
meric grouping by a rearrangement of the bonds made necessary
by the displacement of a hydrogen atom.2 Lowry takes as
evidence against Laar's theory the fact that labile isomerides
in well defined crystalline form occur in so many cases which
would not be possible with the oscillation theory. Also as
evidence are the facts that these bodies pass from the one in-
to the other with great slowness, a catylist usually being
necessary to establish equilibrium between the two.

Reverting to the structure of the classic aceto-
acetic estef, it will be well to review its two phase acti-
vities.

1. Lowry, Science Progress 1908, 634.
2. Lowry, Science Progress 1909, 636.
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Geutherl believed that acetoacetic ester contained the hydroxyl,
or the enolic structnre,-C@WO:CH-CO-— and explained its form-
ation by the following reactions:

CHy COOCHs + Nay —> CH;CONa —+ CaHsoMa. CH;CoNe =+ Chy;C o0 M, —>

(CLI."‘;‘O:)
cHJ-CéN‘m) [CHCooc,Hs + H, —>  CHy CH):c HiCooC, Hy +CHyCooNa

2
FPrankland and Duppa assigned the keto structure,

and explained its formation in this manner: CuHyO,

GH3to0t,Hy + CHNa CooCHS —> CHz Ot CHIa-Co0CHy +CoHsoH+H —
CH; Co CHa LecpoC, Hoe e 3 CooNan
Experiments and results supporting each structure are numerous
and often very conflicting.

Geuther's formula, cH, cb):cHcoocH, 18 supported by the
facts:

(1) the ester has an acidic character which enables
it to form (a) a sodium salt cy,.co CHMNa CooCyHy

(b) a well defined and crystalline copper salt
CHZ-CO'%C"C()OC‘LHf_
— w
CHy - C 0 Cu.cooC,Hs™ )

(e) a violet colored ferric salt &Qfﬁt%)zjg
corresponding to the sodium and copper salts;

(2) with ammonia the ester gives B-amino-erotomic

ester, CHx'C:onrCH‘coocu+?‘——? CHy-C (NH) ! CH COOC,H4 )

(3) with amines the esters of the formula cH; C(V M) cH—
-C0 06, Ha‘)'

(4) phosphorous pentachloride and acetyl chloride,
the common tests for hydroxyls, both interact with the aceto-

1. Annalin, 1883, 219,123.
2. Phil. Trans., 1866, 156, 37; Annalin 1886,138,204,328.
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acetic ester giving the usual tests for hydroxal groups;
CHy+ CON:C KOO0 Hs + PCls —> CH3COL w LHLoOC, Hy-+ POC; o+ 01,

C Hy-COHICH COOL - + CHy ol — ﬁ),(cﬁ;CH'CDOC‘H’-l_f H Cl}’
(6) with“chloroformic ester a carbonic ester is

formed: CH;-C(ﬂﬂ:QH-C{)OC1r4y e Hy C(0-cooc,Hs) i CH-CoOC,
/e cooc,H, : + H el

e

(6) the interaction between acetoacetic ester and

o

other compounds where g molecule of water is eliminated is
most easily explained by the enol rather than the ketone

formula, as, for example, the formation of methyl-coumarin

2 oH e g
from phenol: % | )
| I.'!,i..:i;t’.:b/:cch'caOC"/-g\ 7 e teH: C/.‘O G+ H.0+ GLH:,D! b

ety Vb,

Now, on the other hand, the evidence for the ketone
formula is equally as strong:
(1) the ester reacts with sodic-hydric sulphite as do

the ketones; S I 545
.50 h/ ~oH
,C=O +H 50; c\é‘()\?f(
CH:- Cooc, Hy cH CoOCHs

(2) it combines with hydrogen cyanide

CHs CH3
Lo+ HEN T Loy
bncooe Lk 2iseisss
(3) with hydroxilamine;
CHy - CHs3
R cin-orf
§ e mem
C-HJ'COOC,_'-U- C_)“/L‘CC‘OCL He~

(4) it combines with phenyl hydrozine to form & hydro-
zone which passes into phenyl methyl-pyrazolene on losing aleohol.

ch .t
Co A MV M Cs > VA C s —  CHD ¢ Heol
C:HZ'CODCJ_/‘fj— CHCOOC, Hy IC:N>N'C4H5—+ L Hs 3

C H-CO

—

1. Michael, J. Prakt.Chem.,1883, (2) 37,473; 1891,45,580;
1892,46,189.
2. V. Peckmann and Duisburg, Ber. 1883,16,2119.







(6) acetoacetic ester with its aklyl derivatives 1is

decomposed by dilute alkali into acetone or its homologues
CHJ'COJC&;"C(?/?CLH“ —> CHyCo cHs —+ Co, + C,Hs0H;
(6) nitrous acid converts it into isomitroso acetone,
carbon dioxide and alcohol:
L\/_/?,C/ni-lé;%?g/?(\c,/‘/b‘ > c/—/3 COCH! NoH + Co, + Csz‘OH\
The marshalling of such evidence, however, does not
lead us to any definite proof, for in the addition products

either the ketoniec or enolic formula would explain the reactions;-

The addition of potassium bisulphite illustrates this:

I. (s C H3
CO A H SO K > 0k
C Hz2 |
cool, Hs- %ZJL:J_ZH‘)'
II. ¢ ot
90” s HBO K —> CZSo0yt
¢ H 7 ¢ He
& o0C H,- b0l H,

The addition of a metal to the ester is not sufficient proof.

If we presuppose the keto form the sodium atom may replace the
hydrogen atom which is attached direct to the carbon and not

to the oxygen atom &8 has occurred in other compounds, e.g. a
godium addition product of acetylene. Moreover, it is general—
1y believed that almost &ll of the previously mentioned reagents
cause isomeric change, or the shifting within the molecule from
the ketonic to the enolic form or vice versa, and that thecom-
pounds under discussion change with temperature, pressure, solvent
and strength of solution. This phenomena of change excludes the
basosl and acids, and the derivitives which are obtained by the
acid of the bases and acids. The sodium compounds have been

shown to be principally enolic; but no inference can be made

l. Cohen, Organic Chemistry, 194.
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that the derivitive obtained by the use of the sodium compound
is a gulde to the structure of the original substance. Acetic
anhydride can not be used for a similar reason. Both forms of
formal phenylacetic esters yield the same acetyl derivitive.
Phenyl carbimide when it is dissolved in a non-ionizing solvent
is a reagent which appears to have no, or but little, effect
upon the isomers. It reacts in cold solutions with hydroxy-
and amino- compounds forming carbenic esters and carbamido

compounds: 7 O/ + CfNVco —= FO-CO- NH*CcHs

ReyHe + CoHsNCo —> RNH-CONHLHy,

Phenyl carbimide in this manner combines with phloro-
glucinol, but not with succino-succinic ester, indicating that
the former is enolic and the latter ketonie. Schieff attempted
to determine the presence of the two forms of acetoacetic esters
by using benzalaniline. It combines with the two forms in this

manner: Z%zx»%ffcooaiHy o el S Hy COH) ¢ Cooe, Hs

. |
Céﬂj- C—H'/V/'/'C‘/‘/,~ Cé/"/f'('-/u'NH'CgH.’f

He was able to separate the two compounds and found that they
melt at 78° C. and 104° C. respectively.

We have undertaken the research with different form-
amidines with the view that they would condense with only
those molecules that are in the keto form and cause them to
separate out of solution and that they would not interfere with
the molecules in the enolic form. We expected this to give a
qualitative test for the presence of the keto structure as well
as a rough quantitative test for the percentage of the compound
that was in the keto form under the conditions of the experi-

ments.
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Before turning to the research I wish to give a hasty
review of some condensations that are either well known or bear
very closely upon the formomidine condensations. The com-
pounds containing the group - opc# .co-, or ~<P¥=CH/ o -pnave many
condensation products. It was early believed that these were
definite indications of the keto or enol structure, but more
recently they do not carry with them that belief, since many
of them are thought to bring about isomeric change. The fol-
lowing substances occur among the condensations: (1) cyanacetic
ester combines with benzaldefhyde when & minute quantity of

N el
sodium has been added. = = = ., s Opec el
Gt - ~ceoe © Reng Hi-

(2) Acetone anmd formic ester in presence of sodium ethoxide
/<
yield the sodium compound of acetaldehyde, /..o (. <o, which

—_—

immediately condenses into triacetyl benzene on the addition

co-cH Ce. 2y
(]
of acetic acid. L i e
OHe . - HC{ s 3H, O
Cfvg-Co H e 4, cor C H; C/{?'CO-C\/ Je-c(ﬁ-¢H3 .
C,/HD cH

1
The second step shows a ketonic action. (3) Ortho-formic ester
condenses with acetoacetic ester in presence of acetyl chloride

removing the atom of oxygen which constitutes the keto structure:

" {/v;

TH‘} ¢ H O~ / ("C,,l“)-»-

CO g 5 d// ‘k,/. ,/“ / {9 ¢ : H")\ ¢
‘ . [ ; ,, HC

C Ha * CLH, O P M, I+ H Cool H,.
! {

Ceoc, H,y- eooc,Hy-

The condensation comes sbout in a different manner if acetic

anhydride is used as the condensing agent. In this case the

oxygen atom remains intact while two atoms of hydrogen are

1. Cohen, Org.Chem., p.284.
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removed from the adjoining carbon.

¢ Hi
f)‘}./z ClHj [\\‘ L‘:.vo H
o CH-oC H, —> |, _ecats 4 2 ¢ Moot ,
¢ e, Hy 0 e G
CoN"LH?* B Coove, Hs-

Either reaction shows the ester in the keto form but this form

can be accounted for by the presence of the condensing agent
which tends to change the equilibrium of the two isomeriec

bodies toward the keto form.
Oloisen1 obtained condensation products with acet-

aldehyde, benzaldehyde and acetoacetic acid by having hydro-

o Hs o Hy
chloric acid present: éo I

. &0

ZH.’L +0H(’ < eHs I

?
Cool H,.

. eHs —+ HiO
(t"’f‘f) C':’ et ceHs? !

e
5 {3
Japp and Streatfield used ammonia as the agent in

condensing phenanthra-quinone and acetoacetoacetic ester:

!Lt H) - 'C H?
CH ¢:0 0 C Hy ¢ 0
! ALAL & | . 4 ’C-" 5 / © lC I, L)
e, H« CO } ,. I_'f.-%’ Cy Hy — € ::9 r -
¢ o0 C Hi- e o0C, s

In 1893 Knoevenagel used ammonia in his investi-

gations and also ammonia substituted products, namely: di¢-

(thylamine (C.H,) NV # piperidine gzijgi and aniline
CoHs 2 H,

Benzaldehyde and aceto-acetic ester in presence of
a small amount of diethylamine, at a low temperature gave the

same product that Claisen obtained in using hydrochloric acid
,&GGMH,
e
N ¢ 00(.'(/-/;~ .
The keto and enolic compounds under discussion were

as a reagent on the same two compounds. C, /-

4
found by Daines to be very reactive with t he formamidines of

1. Annalin 1883, 218,172.

2. Trans.Chem.Soc. 1883, 43,27.

3. Annalin, 1894, 281,25; Ber., 1904, 37,4461.
4. Ber., 35, 2496.






the type C.iﬁiﬁz? Daines early concluded that the
groups —co-cH-Co-and .. C;:jé were necessary for the
condensations. He accounted for the reaction by an addition
process at first and then a splitting off of an amine

WH -« CH=NR X i AVH = H{ 7Y+
F TRy T R g e = WAEE \r =+ G

Webster Jonesl under the guidance of Professor Sydney

Calvert, 4id research with these compounds. Near the end of

the year he tried to condense phloﬁ%lucinol with the formamidines

some of which we are following out to confirm the keto structure.
Phloﬁ%lucinol behaves in the most of its reactions

as a try-hydroxy phenol. However, some of its reactions point

to a ketone structure as well as an isomeric change between the

two. CoH 0:OC o,
He H H, ¢
—y
Ho-c c o = o:C co
H CH,

It can be synthesized by forming its dicarboxylate and fusing
this with potash.
The dicarboxylate is synthesized by heating at

_o O O, Hs-
145° ¢. ethyl sodic-malonate, H’ /v
hy A i - with ethyl
' coo CLHj'
malonate 2JEQHT , a8 represented by this equation:

C, H00=0 w0

CH & 7 \ e
L e CBas: . H 00/ C e NVaCool s 40/‘/) He cHe
20 H-0l;
e M 0.00 eooe,Hs- (H‘O) - A6, H:0h
C:0

oc
e _F@o-+4fﬂo“ “H,

1. Methylen Condensations, Thesis 1909, University of Missouri.






10

this reaction gives the triketo arrangement if no isomeric
change occurs. It condenses with hydroﬁiamine giving the tri-

SN0 H

oxime Hoor  NCHe With phenyl hydrazine a similar re-
HoO-f :C‘\/ Ja N/ oH

action takes piace. Bayer thinks it undergoes a structursl

modification by & shifting of three hydrogen atoms:

oH
H,

HAHNHN. @ s ANV A H
oe/ Nco s HHVN: o A//y,%‘/% ‘ \L,f/,.H/VH/V L: \\,L W VA H,
+ 3 CHp A - 1
H N\ AH e /;;L " Hc' \\/ A
co

Whnn~alkylated in presence of alcoholic potash it
(C/‘/\(’ ‘r(c”f}ll (C/L/) (j@LH)

yields tetra - and ‘hexa-alkyl derivitives:
oL \(uﬂx
On the other hand it shows its isomeric form istlnctly as

in the following cases; it forms metallic “derivitives,CHiles);

trimethyl ethers, .+, (oc+: ), ; & tri-carbanilic derivitive

with phenyl-carbimide(phenyl isocyanate)

0 oH (_()/VI‘/CH5

R Ner
Har Nyt o . _ o ;
} + 5 L,G/“/r' N-CO > { 07\?/‘/'((,//5'
woolt //L oH CHNVO g

cH
cH These reactions as are those of the aceto acetic

ester are conflicting, but many chemists prefer to assign the
tri-hydroxy structure as the formula for phlor®glucinol. How-
ever, they think that it can easily be made to pass over into
the keto form by the use of different catalysts or good ioniz-
ing solutions.

Jones prepared dipheny: formamidine by heating ortho-

formic ester and aniline on a water bath

0 C Hs- /V/jf‘/h/a N CH s -
/ <L H s 2 N — N e — l
/“/ \\:é //} f 7 (.6/’/5 A//L/)_ 7 AUQ\ /I//‘/[/fj /—/ \\/V(k,f/j«

1. Berwnthsen's Org.Chem. 1906.






11'

and then condensed this with phloroglucinol in an alcecoholiec
solution. A yellow precipitate separated out which on anal-

ysis proved to be triformalidocyclohexantrione.
¢ Hy Q= WH-CoHs-

oce” Ne ) N H.CHs= e ”

C ] 4 3H L, T ° 4G H VI
= NG H s 4 o WK Co s )
He cHa [A c‘,,,;,H/v.S,C c L._:y/V// ¢!73

Th; yleld was about 15% of the possible theoretical smount.
If the phloroglucinol had been originally in the emnolic con-
dition this would indicate that only a part of it had been
changed into the keto form and would also be evidence that
the equilibrium between the two isomers (enol and keto) is
not maintained on the separation of one phase which would let

all of it pass into the other isomer. He repeated the ex-

periment using a different formgmidine (methenyl-di-para

phenitidine) .~ NG Hae B ~ and obtained a similar
NN HC Hyeo o
Lo —HHrCHpC/—-I~
CHp O CH BN (1@ TN AT TR T
condensation yielding the product " giving
) gc¢ cCo

W @ TNVH (H,0 C
the same evidence as the previous result.
Barbituric acid is synthesized from malonic acid

and urea in the presence of phosphorous oxychloride.

O'C/NHL + HCOC\CH —_— : CUCH
~NH . = oe .
o Heoc NE o

This compound has the group -Co CH.' CO— and is an acid.
Although acids as a rule, hydrolyze the formamidines, this
one condensed with diphenyl formamidine in alcoholic solution

yielding the derivitive of the methylene group.

' H; / /YH 8 r’ o
R ‘ + HC\\ N C Hs- 7 o(’/—_—_’\“'c NH Gy
A€o 6 N —)
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Jones attempted to confirm this reaction by means
of di-para-phenitidine formamidine which on analysis indi-
cated the following condensation product: /ﬁi*”*gd,ufxf+udéf%”°

ce
L\ﬂ; ,,_/
NH e

although he was not able to get the compound absolutely pure.
He accepted Enoevenagle's explanation of the condens-

ations of aldehydes and ketones with 1.3 - diketones and

ketonic esters in that the aldehydes or ketones first unite

with a base. Benzaldehyde and aniline combine as follows:
UHscHO +  He NwegHs > LZHa‘ﬂf%ktofﬁ+>Hz“

The product thern interacts with the diketone and regenerates

the base. Thus it plays the part of a catalyst.

) CoocC,Hs-
I"‘ U[/CCst- /-/\ ) 4 )Vl—/
3 4 -y ) .
( .< Sty . - ‘- . - [,
Ll(’/-/’,_ CN Ot + He > Cy Hy - C ~N & + < %
“unE cooe, Hs-

Jones isolated the intermediate products such as benzylidine
H H H
anilinecxra-c:r%gHjoximes Cotts--Ct Voo H, and CH,y ¢- ecnvoH
hydrazonesLi,ﬁJC{gww%qﬂv or those bodies that contain the
I

HeS R group, and tried to condense them with phloriy

glucinol, taking the latter as a representative of such
bodies as malonic ester, acetoacetic ester, and barbituriec
acid - all of which have the diketo group, co- c#. - - But
no successful condensations were obtained. He was thus
forced to the conclusion that the only group that reacts

_NHs@
readily with the group co-cH.-co - was M Cspyam

In our research we have endeavored to make & number
of condensations with the formamidines with compounds con-

taining ¢o- c . —co- a8 4id Jones save that in some

cagses we used different bodies and also endeavored to make

some entirely new formemidines and try their condensations
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with the view, as mentioned above, of ascertaining (1) the
possibility of condensations, (2) the presence of the ke to

structure, and (3) roughly the percentage of the compound
that is in the keto form under the actual conditions of the

experiment.
The first formamidine that we used was the dibromo-
diphenyl formamidine which was made by condensing p-bromamiline

#n{  >F, with orthoformic ethyl ester. HC{;’S}}Z{‘ Equivalent

OC; Hos-

a.mounfa were placed in a flask attached to a reflux condenser
and heated on a water bath. The reaction goes without the
presence of a solvent. The mixture at first goes into solu-
tion and in about twenty minutes the di-bromo-diphenyl forma-
midine begins to separate out, and in an hour or so the re-

action is complete. The product was recrystallized several

times from absolute alcohol when white needle 1like crystals
were obtained which melted at 185° C. The yield was almost

the theoretical amount. Reaction:

et v e S —
o C Hs- //\//‘/ic/-/s‘e)- il
5 o, = ¢
HES ot t 7 HNCHE Hci WM e e, N HCp Hy Br
\ C‘C /—/ NH'(G /‘/,( E)r’
L Hs-

+ NH>- L'(f/k /r
The product was analyzed forw Carius' halogen de-

termimt is, at a rather high temperature,
260 - q O° C a sealed tube with silver nitrate and

fumingv itric acid, .2249 grams of the substance gave .2388
grams of silver bromide which shows the presence of 45.18%

_ WV Hy Br

bromine in the formamidine, /#¢ which has a

N N C()HQ'()J,_.
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theoretical amount of 45.17%. 3.54 grams of this substance
was then condensed with 1.29 grams of barbitu:ic acid in an
absolute alcoholie solution. On heating on a water bath
for three quarters of an hour an almost white (slightly

yellow) folocculent precipitate separating out.
vH cR) Ny co +H
1// /VL()//@B,—

7 . 2
: o WIS P

4, S W HCo L PY o + Ha N Co My By,
.The substance was recrystallized several times from alcohol
and gave a yield of over 75% of the theoretical amount. It
gave a melting point of 370°C. and by a halogen determination
.2617 grams of the substance gave .1588 grams of silver
bromide which q}ows 25.82% of bromine. This corresponds with

Co

the formula‘*<f::jy”C3$“Vﬁ6* which has 26.79% of bromine.

A siﬁ?laiocondonsation was made with the‘dibromo-di-
phenyl formamidine with phloriglucinol using 65.30 grams of
the former and .81 grams of the latter in alecoholiec solution
and heating on the water bath. The reaction was slow but in
four or five hours a yellow amorphous aoiid separated out

' :
whi&ﬁ'when pure melted at 285° C. The reaction took place

”\
in this manner: BrG HHN=C (O ot
p R L NG v g Hy B
" YCH2 N CHePBr
—+ 7HC /7’66 co e —+ IH NP
ocC C o ~ éﬂkﬁr G

CWH CoH 13
The égapound was orystallized several times from absolute
alcohol and then tested for the percentage of bromine by the
Carius' method. .2179 grams of the compound yielded .1830
grems of silver bromide which showed the presence of 35.73%

of bromine. This corresponds well with the theoretical






15

amount.of 35.695 %. The yield was about 20% of the theoreti-
cal amount.

An attempt at condensation between the di-bromo-di-
phenyl formemidine and oxalacetic ester g;lkiHi_ will be

discussed later. -

Another formamidine was prepared by heating on a
water bath for several hours ortho-formi® ester and meta-

nitraniline. The reaction is similar to that for the pre-

paration of bromo-formamidine.

oc, K- WAy VO WH - G P VO,
— 2 - -
~ 5 v o o C e N Cr =D
Ho = ocC, Hs- —7‘- /’\//‘7/1(6#9/%2 7%//‘:\" /V#C‘;*:/V[ C:'/V'LC)/-/ﬁ(,/V[)L
wH e =

o C, My~

On crystallizing this body from alcohol it gave slender needle
like crystals which melted at 195° C to-6°C.

An attempt was made to condense this with phloroglu-
einol. 3.26 grams of it were placed in a flask containing
.62 grams of phloroglucinol and 50 cc. absolute alcohol. We

expected the following reaction to occur: o

H
- s N O,
. ; 3 o (‘,‘C-/I/// (Gf/{l z
. -
3 HC o ’ _
0(1\,&\(\ ul NN Coh W E ochg .[;0,/\//4'56/45‘ N O,
"

Co

chH Y

After héating for three hours the formamidine did not appear
to have gone into solution. Some of it was removed and a
melting point determination showed that it hed remained un-
changed. On heating five hours longer it went into solution
giving a marked brick red color. No precipitate separated
out on standing even though nearly all of the alecohol evapo-
rated off. More alcohol was added, the solution heated to
boiling and then hot distilled water was added which caused
crystallization of beautiful yellow flakes. The crystalliz-

ation was Bepeated four times. The crystals were then dried
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and gave a yield of over 35% of the theoretical amount and a
meiting'point of 106° C.

Analysis of the compound for the percentage of nitro-
gen by the Dumas' method followed:

.1974 grams of the substance gave a volume of 37.02
ce. of nitrogen at 22° ¢. and 440 m.m. This on calculation
yielded 20.66 % of nitrogen. On repeating the above .2018
grams of the substance gave 38.3 ce. of nitrogen at 25° ¢

and 744 1/2 m.m. which calculates 20.7f % of nitrogen; the

average of the two is 20.68%. This result does not cor-
respond with any of the expected condensation produects. If
three molecules of the formamidine had condensed giving this

P CCH WHCHy v o,
product LO&\/ €0 14.73% of nitrogen would
”\
NG H n#CiC .
- C o

A
€0 IHCrt N

have been produced, if only two molecules of formamidine
HC Q‘\ 1Q K VA VG

had combined to give this product, : the
o @l )L,(
\

CH MAC /@ N Oy
analysis would have shown 13.27% of nitrogen, and had bt
one molecule of each condensed giving the product

o

C He
condensation was repeated with small amounts, but the pro-

H.c 7L cH VH CHawve
‘[ Les 10.22% of nitrogen would have been given. The

duct on purification gave the same melting point 106° ¢ and
as the amount was very small no determination of the nitro-
gen was made. The supply of nitraniline had all been used
8o that no further experimenting with this body was possible.
The following three bodies had failed with Jones to

condense with the formamidines and we have tried to condense
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them by varying the conditions as indicated in each case.

./~ Resorcinol was rlaced in pressure tubing with diphenylformam-
idine and a few cubic centimeters of absolute alecohol. The
tube was sealed and heated four hours at 220° C. The tube
was allowed to cool and the comt ents examined. A reaction
had taken place as indicated by the melting point and the

red color, but the reaction had not stopped where we had

cH
N CieH WHC Hs

cH
W 'wm G- H
+ 2 HC_ S
oc J(’“

expected.

“VH CoHs- OC\
CH, f

l¢ o
T Hv/\//'/' L(ﬂ‘f

Another condensation between resorcinol and diphenyl formamidine
was attempted by heating the two in alcoholic solution in the
presence of small amount of pyradine with the view that the
pyradine would act as a strong catalytic agent. On boiling
two or three hours no precipitate had formed, but on boiling
still longer and allowing to stand a precipitate came down
that looked 1like the original fofmamidine and had the same
melting point. The action between these two substances,
therefore is not an easy one, or, at least, we did not find
satisfactory conditions for it.

/7 Phloroglucinol and nitrosodimethyl aniline were
placed in an absolute alcohol solution and heated in a re-
verse condenser. After prolonged heating a black precipi-
tate separated out which was very hard and granular and did

not have the characteristics of the condensation products.
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i e Hy-
[ lo

Condensation products of oxalacetic ester <v:

g NCHyBr S £y 7y~
with dibromo-diphenyl formamidine HC_,,. 4,2~ a&and diphenyl
oC H o
formamamidine H¢ 7’ ¢ were examined. 2.20 grams of
\/V/‘/C(’/'/)-\

the ester and 4 grams of diphenyl dibromo formamidine were placed
in a flask with reverse condenser. When the two were added the
temperature of the mixture rose slightly and on standing a few
minutes the color became dark. On heating an hour on a water
bath withcut a solvent the mixture became a dark thick syrupy
substance with a trace of granules in it. This was colled and
ether added. The ether slowly caused crystals, pale yellow

in odlor, to separate out. The separation seemed to be com-
plete in a day's time. The solid was dissolved in absolute
alcohol with some difficulty, but later refused to crystallize
out. The alcohol seemed to bring about some change in the com-
pound to make it act in this manner. The alcohol was evapo-
rated off and the compound purified by extraction several

times with ether. The yield was small - not more than 10% of
the calculated amount. The compound was analyzed for the
percentage of bromine. .2038 grams of substance gave .1532
grams of silver bromide which shows that the compound contained
51.99% bromine. This percent does not correspond with that of
any expected formula. if one molecule of each had combined

by the following reaction,

Co(’l,LH)"
CooC, H -~ Lo !
= 5 = L \ IOr
¢t o " S INHCHyBr _— c',{—r{/vﬂ CoHy B N Ha CoH !
C,_Hz 'L/_C\ o Cohg B )
' \/V ( * UU‘)CL/“/)‘
Cooly Hy-

the analysié should have given 22.98% bromine. If the ester
had combined with two molecules of the formamidine giving a
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condensation product of the formula ?GDLLH»*
[V

i HAH-CHs P
L'o./VH'(‘é h’;(/?%
the analysis should have given 34.16% of bromine. If one
molecule of the ester had combined with three of the form-
CO-NH'CéHy B

emidine giving the product of this formula: L G Hy B

!
CONH CeHy B

41.36% of bromine would have been present. As mentioned
before, the supply of bromonitraniline was exhausted so that
the experiment did not permit of repetitions under varied
conditions. The data at hand could well be interpreted to
mean that a mixture of products had been obtained.

The same ester (oxalacetic) and diphenyl-formamidine
were experimented with. 12 grams of the ester were added to
13 grams of diphenyl formamidine. When added the temperature
of the mixture rose about twenty-five degrees and the color
became dark green, but soon changed into blue. This was al-
lowed to stand until the next day so as to ascertain whether
a spontaneous reaction had occurred. The blue color had
disappeared in the meantime and the formamidine seemed to
have separated and gone to the bottom of the flask. A small
amount of this substance was removed, purified, and its melt-
ing point 136° C., showed it to be the original formemidine.
50 co. of absolute alcohol was then added to the mexture and
the whole with reverse condenser attached, was heated on a
water bath for an hour. The formamidine went into solution
but no precipitate separated out while heating or after the

solution had cooled. The alcohol was evaporated and a thick
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reddish brown syrup with scarcely more than a trace of pale
yellow orystals was left. PFrom an analogy of the action of the
bromo compound and the ester we expected thatﬂhe crystals of

this would separate out faster on the addition of ether, dbut

the ether seemed to be without effect. The compoﬁnd was al-
lowed to stand in the laboratory where we could observe it. At
the end of the second day we could see that the amount of cerystals
was growing. The growth gradually continued until at the end of
eight or ten days the crystals were removed by filtration in
etherial solution, in which the syrupy substance was quite sol-
uble. The solid substance and the original diphenyl formamidine
were about equally soluble in all the common solvents, save
benzol. It was extracted with benzol several times. The
yield was two grams and the melting point was 145°C. An analysis
for nitrogen was made. .3800 grams of substance gave 34.25 cc

of nitrogen at 26° ¢. and 745 mm. pressure. This data gives
12.21% of nitrogen. As in the previous condensation between
dibromo formemidine and the ester there seems to be a possibil-
ity of a combination of one molecule of the ester with ome, two,

three, or even four molecules of formamidine with products of

the following formula: 0 0 NHIC,Hs CON H-Cobs-

ngcﬁh‘ L& o0 Hy- Lo ¢ CN @M

[ & - I

CiCHWH-Chs Lopp wvrC Hy- Cl:cH WH C Hs- CiCH NH G

. ) : . ! < e

CooC H,- ) lco'/l///, CHi- Com Gt g ¢C.a A /
L I e

These have 6.03%, 8.26%, 10.91%, and 12.18% of nitrogen re-

spectively. The percent of nitrogen for the fourth formula
corresponds well with the results of the analysis, 12.21%.
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Accepting this as the correct reaction it will be seen from
the data that the yield of two grams is about 30% of the
theoretical amount of product.

No doubt the reactioh in the former case with the
bromo compound was analogous to this and might have been
shown so had the necessary supply of material been present.

All of the attempts at condensations gave some kind
of reaction except rescreinol, and the most of them gave the
éxpected bodies. The di-nitro compound with phloriglucinol
gave an abnormal reaction. It should have gone smoothly as
did the bromo-derivitive of phloroglucinol. The real product
of the reaction will probably be found only by determining
the carbon, hydrogen, oxygen, and nitrogen and securing the
molecular formula.

The work seems to indicate that all the attemptéd
condensations could be perfected if the proper conditions
were selected for it. The groups essential for the con-
densations are -Co-c#+H.—CO - and H C Z:://jp The
radical R permits of a wide variation. In no case except
that of barbituric acid, did the quantitative result indi-
cate that the whole compound was in the keto condition and
consequently this guestions the theory of equilibrium which
would have the whole to pass into the keto form on the preci-
pitation or separation of the molecules of that structure as

fast as they are formed.
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In conclusion I desire to say that this work was
undertaken on the recommendation of Professor Sydney Calvért,
Professor of Organic Chemistry. My best thanks are due him
for the interest he has taken and the help he has given in
carrying it out.
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