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HISTORICAL.

In 1876 Butlarow (1) suggested that in the case of cer-
tain bodies & kind of intramolecular vibration was continual-
ly taking flaoe, which may explain why some substances reactA
at one time in one way and again in another according to the
kind of reagents with which they were treatd&. Some years
(2)

later Laar (1886) collected & number of cases of substances
acting as if they had two constituents which could be explained
by the oscillation of the hydrogen atom from one carbon atom to
another. Laar called this particular phenomenon, of one sub-
stance doing duty for two structural isomers, "tautomerism".
Isatin occured among the number collected and he represented

the two isomers thus:
.0 c:o

c.o C.0H
Nil// N
I
He accounts for the second form by the wandering of the hydro-

gen atom from the nitrogen to the more stable position beside

the oxygen atom. By him a - naphtha - quinone phenylhydra-
zone and its isomer aré represented thus:
e:o c.OH
L q
N.NHG He SNV GH,
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(1) Annalen 1876, 189, 76;

(2) Ber. 1885, 18, 648; 1886, 19, 730. 127177 59






The first is formed by the interaction of a - naphtha quinone
and phenyl hydrazine and the second by & - naphthol and diazo-
benzene chloride. He also mentioned the two fold character
of nitrosophenol which at one time reacts like a dioxime and

the other like & phenol: c.OH

.0 @
@ MO
NOR

The tautomeric compound, aceto acetic ester was the sub-

ject of discussion between Geuther and Frankland. Geuther,(l)

who upheld the enolic structure, CHS.(’/OH.'CH. COOGH

offered the following equation to explain its formation:
5 C%c,”oo GH-# M, » CH Cone + GHONa |
L e . Heonax c}}coo&lﬁ, -5 Q,I-é,e,o/vq,;ch.&ooin_ tH
@ “3 .CONaC H. €00 clHo + CHcooH > u.g,e,on:w €o0g H » CH, Goova.,

(2)

Frankland, who favored the keto structure ci,.C0.¢H, CooGhH,-

explained its formation in this manner:
CH eoo g + Ne = ey NaCOOGH -+ H
C’_iﬁ/Va..co-o & M-+ cg coo gl > C% ©0, CHNa GO oﬁlﬁ'f CnOH 1
¢ He0.CHNe o0 G « ek coo k> CH 00, N COOG N> eH, oo,

To distinguish between the hydroxyl and the carbonyl
groupe in aceto acetic ester and similar bodies seems at first
sight an easy matter, but on further examination of the addi-
tion products one can see that the addition can be explained
equally well with the enolic or ke€lonic structure.
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(1) Annalen, 1883, 219, 123.

(2) Annalen 1886, 204, 328; Trans. 1886, 166, 37.






thus for examnle, we shall consider the addition of hydrogen:

(9
f’é : Ha C"“3 (‘.'43
COH . 2K > CHoON co ool cHORH
CH ! i d (
1 CNJ_ ) C“J- ('.H,_ )
coo ¢H. ' y i
20 COOENJ Cooil\/_ COO&’t‘

In either case we see the final preoduct is the same. Experi-
ments and results supporting each structure are numerous and
often very conflicting.
Some of the arguments in favor of the enolic structure
CN.cONCH.Co OGH,. are as follows:

3 9
(I1()the ease with which it forms

(a) a sodium sal$ C'Na CONa:CH COOCH,

cuae_ic,ﬂ. COO&N-
(b) & well crystalline copper salt o

c Na-c::/c,N. a0 §Ns-
(c) & violet colored ferric salt
(G K,Q)
(2) it reacts with phcsphorus rentachloride giving the charac-
teristic reaction for the hydroxyl group:

C ‘\3 eoN:ecHNceo Q.t“y 1 PC,QO;; elﬁ- eel:eN. oo + HJM’M@;

(2) with the secondary amines it gives the ester of the formula:

cH - eWR): eN.coogh,-
(4) with ammonia, it gives /(3-amino-crotonic ester:
C/{i. e.(WH)reH. coogH.

(5) with chloroformic ecter it gives a carbonic ester:

c,/:l;.e,o/\l; ON.QAO"LNJ*_) (',%.COCC‘"’ 3!1'),' eNcoo i/’,:ﬁ HC@,’

. eo0 G N
(6) with phenol it condenses with the formaticn of methyl
coumarin:
o N 5 _/—0-——'-'\ —f-f‘,ﬁ % " N
H %_Floe:&N.eooiﬂ, e=cl.ezo0 §hHo"
!

N
c, \)

There are still other reactions where & molecule of water splits
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off that can be explained more readily by the enolic than the

ketonic formula.

The evidence for the ketonic structure is equally as

strong:

(1) with nitrous acid it forms isonitroso - acetone:
Gg.@o,e%x@dogu-

NO'OH 7 Q%ﬁOﬂ@ﬂO+6@¢%&ﬂQ5

(2) with hydroxylamine, an oxime is formed which loses alcohol

and passes into methyl oxazolene:

CH
3 Cl ¢ - CN
c}_:o + LNVON > éé\/OH > N"% ﬁ >
CH, ;'“ 0° At G,’L/JJ'ONJ
CLOOGH, iy
GOOG N
(3) a hydrazone, with phenyl hydrezine which also loses &lcohol:
CN X
;3 L8 We— €—Ch
C=0 tUNNHGHY- > C-NNHGHs- |/ cILON
Ay CH, 0-€_ VR -
COOGH_ C o0 GH, LAY
(4) combines with sodium bisulphite andhydrogen cyanide:
a N an
) 3 ( ;%/4 ?/ﬁ 9'$u
?"0 +/Va,HS<03 = (’r\/VuSQ ) %:O t RCY > C'/\ouy
cH, CH : )
: C N, ak N, D
CooGNH, COOGH,. Cooc N, 'e,aogN-

(6) by the action of iodine on the sodium compound di-aceto=-

succinic ether is formed:
c_ujao.cN/}gac.oeS/dy CH.COCN.CO0GH-

5 o vl
e Heoe Moo 3Ky

K, co.cHMLOO Iy
This data is not conclusive proof of the enolic or ketonic
structure because it is generally supposed that the reagent with

which the reactions are brought about might cause isomeric change.






The stability of the two isomeric forms derends upon the temrer-
eture, rressure, solvent,-and strength of solution. Acids

and hases cause the shifting of the hydrogen atom within the
molecule and cannot be usel for determining the structure of
enolic and ketonic tyres. (1) A large nunher cf the sodium
comrounds have been shown to he of the enolic type; but it would

not be logical to assume that the derivatives resultine from

their use is a guide as to the structure of the original subh-

stance. Both forms of formylphenyl acetic ester yield the
same acetyl derivative. Phenyl carhimide is a reagent which

rroduces little or no effect on the isomers when dissolved in a
non-ionizing solvent. In the cold it reacts with hydroxy &and
amino-comrounds in the following way to form carbamic esters
and carhamido compounds:

TOH + %/J\\L/V.'C.'o > 0 coNH GN-
W H §HpVe€ 0> RNH.CONH G K

When orthoformic ester, in the presence of acetyl chloride,

condenses with acetosacetic ester the ketonic structure is in

evidence: 3‘3 %J%-O\> N 9'{% g I4y-
10+ >l E + NCOOGN, -
Cih SN ah 'auwlw i
COOGH- €00 %Ny

Diethyl hydroxybutyric ester is the result of the reaction. If
acetic anhydride is used as the cordensing agent instead of acetyl
chloride the oxyeen atom remains intact while two atoms of hydro-

cen are removed from the adioining carhon:

(1) Coher’® oOrganic Chem. Page 194.






CH
¢ Hy N 0 N | ! 3
28 4 T >, oo G0 + 2CH.0H
! ¥ . = .
Q,, by g\/JJ’O & g é,h, e:_ OS“&' E N
(
COOGH- Coogli

Each reaction shows the ester in the k®to form but the presence

of the condensing agent tends to change the equilibrium of the
two isomers toward the k£to form. Condensations products
with acetaldehyde, benzaldehyde, and acetoacetic ester have been

obtained in the presence of hydrochlorie: acid by Claisen: (1)

- ( CN
% H @%)9 Lo QN
C:0 =g, L &'o GHg
] J v
%“1-+ 07" é:eHJ1% 4;£a
|
e 00 G H,y- CO0 &My
(2) d-d-dio
He concludes that the 0:¢-C¢—C: group which is present

in these substances may play the same part as the 5‘oxygen atom
in a carboxylic acid, a view which is readily understood by a

comparieoh of the two atomic groupings:

0:é-c-C=0 Q
(] "
cCHOH eHoH
Hydroxymethylene diketone, Formic acid

By the aid of Michael's (3) positive and negative theory,
Michael has shown that the sodium salts of the Co- cld~ =0
group condenses with unsaturated compounds of the general form-

ula RCH.CH- X or R.Ci¢. X where R is a positive

or negative radical and X a strong negative radical like carbonyl

(1) Annalen 1883, 218, 1724
K=
(2) Annalen 1897, 279, 1.

(3) J. Prakt. Chem. 37, 473; 43, 395; 45, 65 ; 49, 20.






or cyanofgen group. A condensation between sodium malonic

ester and cinnamic ester takes place according to Michael as

follows: ¢ K- CH:ICH.COOGHM- CH:C N, elie.co0 K-
6 ° |
T i e Hleoo e 4.
Na € H'@OO&“}")} 8— é)')_
Ns € ~-H
Hl@* Coo0 i/‘l_)’ fumaric’ MS— M
In a 1like manner maleic . Q-Q_oo SJ%' ) - M- .cooi&_
QM3~(’,~ crog
and citraconic Ne&-Cco0 0;1“\5’ esters
condense with the sodium salt of malonic acid.
Japy and Streatfieldll) used ammonia to bring ahout a
‘condensation between phenanthraquinone and acetoacetic ester,
i €zp ,LmQN Q,J e eo. CH;
L e L e’“’i’t“ + Ho.
X “ooosh %Hf
Enoevengel carried out a much more comrlete investi-

gation, using primary and secondary amines as well atc ammonia
to combine with the proup — 0 C- i~ €O~ and assumed that
there was first an addition of the aldehyde with the base and

then a splitting off of the amine. '
~NH P

Forméadines of the type H. C~7v/? . were found, by
Daines, (3) to be very reactive with substances containing the I
Co00¢ N

s @ C,IJ,; CO- group. Ethyl lialonic ester ill QH SLN
6003\ -

did not reasct with dirhenyl formamidine, nor did acetdirhenyl- ’

N- G My
formamidine y&e\ ‘canﬁ ¥ Therefore, he concludee that the
é N%“) ~N=
group ¢:o-el, €:0 and N. s are mecessary

for condensation and accounted for the reacticn thus:

(1) Trens. Chem. Soc., 1883, &3, 27; Ber. 1898, B3I, 778.

(2) Annalen 1894, 28], 25; Ber. 1904, 27, 4461.
(%) Ber. 180", 8. 2496.






, ‘ X
; _X RNH Gy
/RWMCHJMR1»4¢7?$ pwps e gg

X
— /?./\/H.e/i,:ciﬁ? + RPNH,

calvert and Jones ‘l) worked with bodies of the tmpe

N ’NHM and I?. Q:/\f;a/\, in order to determine what
groups are necesssary for the condensation with the methylene
group — €0~ &N, 2= o Co— They succeeded in condensing
vrhloroglucinol /3:(205“ with the formamidines, some of

which we are studying in order to confirm the keto structure
rrovidine no shifting takes place with the reagents and solvent.
Phlorogplucinol, in most of its reactions behaves like a

trihydroxyrhenol and was considered as such for a long time,

until Von 3Baeyer 2) synthesized it by heating at 145°¢ sodium
malonic ester Nwmoyﬂ—- .This pave ethyl phloroglucinol tri-
carboxylate whichl"oor;7 %s{ting with rotassium hydroxide gave
phloroglucinol:
@ €zo0 . .0
N%OO(L H/N‘lc o ‘Q/Vm 'H c',ooi/%"i 004/., /l/a,GOOS_“y
\
: | Ve J ,0{‘/)
\/“\ﬁ 0¢ 0 0\3/%* " e I&h
\\\ H(Na, ’/l/a,e,o—o&N)—
0‘0 ’J) E
IJ)'SO 0 2N QNLM SJJ_ ' l@( CIJZ
k o T [{ON > e o
CNwCOOC;L/l,

S R G ) WS G G n e TR G S T WS GR GR W WS e WD WP WR e ee S R R WS SR G T m e S G R WS e WP e e T SR WD G W Gm e R WP W e G e e W e e e .

(1) methylene condensation, Thesis 1909, University of Missouri.

(2) Ber.ygep, I8, 3458.






PREELINE - .

This reaction gives the triketo structure. Ihloroglucinol

will condense with hydroxylamine giving the trioxime:

¢ NoH
I “
&c(\‘ N VOH R
0; u:"' Hon: & Cc:/voh
also condenses with phenylhydrazinéabut Baeyer(l) thinks it is
a hydrazide caused by the wandering of 8 hydrogen atom from the

benzene nucleus to that of hydrazcne radical and nct a hydre-

zone of the keto form. ¢ H
e N y
BLEHN N e Envovn el GHAHNe CHNAH G-
—
NLC C,/JL He QH
CoNATH § Ry LNH»NHgA_r

(2)

When chlorine acts on phlorcglucinol in chlgfoform

solution, a hexachlorophloroglucinol results, = =B

e
Also yields a tetra- and hexa- alkyl derivative when afkylated

in the presence of alcoholic potash. The arguments in favor
of the enolic structure “oc1\‘i:4 are: it forms metallic
derivatives Q/Jd(O/Va,j3 : tr‘iacetyl derivative with acetyl
chloride; & trimethyl ether: €N ©CK) . & tricarbanilic
derivative with phenylisocyanate: oH
/:l,gﬁ/vg.o oc_}:v %/Q
%rgAzcm 2 - ol .
oc‘_&lvnc"g—-

Thus we see that reactions of this kind are almocst as con-

flicting as those of acetoacetic ester, and may not he used as a

(1) Bers IB9I, 24,. 2688,
(2) Ber. 1889, 22, 1476; Ber. 1890, 23,230,
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to the original structure of the substance for the reagents
may cause isomeric change from the enolic to the ketonic form,
or vica-versa.

The diphenyl formamidine prepared according to Walther (1)
was condensed with phloroglucinol in alecoholic solution by Cal-
vert and Jones. The yellow precipitate which separated out,
on analysis proved to be 1; 3; 6 triformanilido cyclohexantrione
The yield of this body was about 15% which is good evidence that
the equilibrium between the two isomers is not maintained on
the separation of one phase which would let all of it pass into
the other form. The experiment was repeated using ethyl di-
para phenetidine which gave & similer condensation product.

/JJ_QOI-;%H/V}}C,'C C:Z:ci;’;mg/;.osﬂr
0./a Cc’o
e ey NeH 0 GH-

With barbitruic acid, a compound containing the methylene
grouping —oé-cl-e0— | a condensation was obtained with
both diphenyl formemidine and ethyl depara phenétidine. The
nitrogen content of the latter was little high, probably due to
some ocoluded barbituric acid which was difficult to extract.

Calvert and Jones accepted Knoevenagel's theory of conden-
sation of primary amines with aldehydes &and ketones in that
the aldehyde or ketone unites with the amine to form an 1n£er-
mediate compound, %Nf eyt MNGH = CH - S gH -+ MO
The imide group then condenses with the diketcne and regenerates

the primary amine, playing the part of a catalysis,

‘l)Jo Prakt. Chem. éé. 4].






KRS, § OO

COO&H, QOG&H,
H o) ‘l\ 'y
QR =i '&7" — GH-e=¢ « ANVEN;
)
6003}54 COO&Hy.

Calvert and Jones used & number of these compounds con-
taining the imide or substituted imide groups such as benzyli-
benzaldehyde phenylhydrazone,

ch
7 ~
cz/.{r.\ c ;A,_,VH%&_ and acetophenone oxime ¢ L&— APt

and tried to condense these with phloroglucinol as a representa-

_H
dine anilir:’e, G Ny c=meh,

tive of the diketo structure. Their results were all negative.

Thus they concluded that the only group that condenses readily
_ANHarn

: =N aA,
Later Calvert and Stagner did research with formemidines

with the — ¢ 0-eN - eo— group is H-¢ "
on substances containing the methylene grbuping with the view
of ascertaining the percentage of the compound in the keto form.
Calvert and Stagner prepared dibromdiphenyl-formamidine by
heating equivalent amounts of parabromaniline with orthoformic

ester, without the presence of a solvent, on a water bath.

N, Br H&H, Br
/o 5-/\(3- /VHE ») /N !
He0ou. + 3NN Br> N&nngh Br—>HE g heedr

0 & K- ‘WG 3
and condensed this formamidine with barbiturie acid in absolute
alcohol solution. A white flocculent precipitate separated
which on analysis of bromine content corresponds to the hody

formed by the equation:

H 0

/\/H("K{(/f)’r‘ - _
L“Lf‘ ’4( ) — 0! "CI“HQ
‘ SAGNBr ‘S Kar

ar o Sy
+ H;’V ¢ KRBy,







This yield was over 76% of the theoretical amount. They &also
condensed this formamidine with phloroglucinol, obteining a yield

of about 20% of the theoretical amount.
LWHGUYNO,

RAGH VG,
by the action of metanitraniline on orthoformic ester and attemp-

They next prepared a formamidine of the formula HC

ted to condense it with phloroglucinol. On analysis of the
nitrogen by Dumas' method, it gave 20.68% N. This result
did not correspond to any of the espected condensation products.
As the supply of nitroaniline had been usedj;t was impossible

to make further experiments with this body.

NHchr
Dibrom-diphenyl formemidire H e‘/VQ/tBr and
_NHGI.

diphenyl formamidine flG_,V%,, were dondensed with
oxalacetic ester Coo0¢ly

¢zo

c

c 00 &Nr

when the former was mixed with the ester there was a slight rise
of temperature and the solution turned dark color; on heating

it became thick and syrupy with a trace of orystels in it.

The addition of ether caused pale yellow érystals to separate.
Analysis of the crystals gave results which lead them to believe
1t was & mixture of one and two molecules of thé formamidine

with the ester. The supply of nitraniline being exhausted
prevented repbtition under varied condition. With the diphenyl-

formamidine the ester gave results for the following equation:

€00 GMy- o conH Gy
Ve "Ney;ﬂ%‘;{j = C Vet

¢ c CHNVH G-
cwo&M—

Qomﬂg@_






All attempts at condencation gave some kind of reaction except
resorcinol and in most cases the expected bodies. So they con-
cluded that condensation could be brcught about if the prorer

/
conditions were selected, and the essential groups are Cn»d/g-&h)

NWNHNR
and Nl o

variation.

where the radical R will permit of wide
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EXPERIMENTAL _PARTS.
Part _A_

In order to study the structure of rhioroglucinol we

l}
i
[

decided to use the dipheqyl formamidine derivative of rhloro
CLHNVAGH, -

lucinol! | e 0
g ueinol. v N ) LM ‘
hghaedsgle Aine p

This wac prerared first accoriing to Calvert and Jonee by the

~NH %/J),
action of diphenylformamigine H'C:/V§~f

. oie/eio . £
on phlorqgluclnol N, oA, The reaction goes
‘0
with great ease. All that is necessary is to place one part

of vhloroelucinol and three parts of dirhenyl formamidine in a
flask attached to a reflux condenser and add about 100 parts of
absolute alcohol. After heating on a water bath for 185 or

2C minutes a yellow silky rrecivritate begine to form which
increased in bulk as the heating continued. After heating
for four hours the heating was discontinued and the rellow pre-
ciritate removed b filtering. The comround waes almost insolu-
ble in the common organic srlvents such as alcohol, benzene,
carbon hisulphide, acetone, and lieroin but eoluble in chloro-
form and erlacial acetic acid. Recrystallized the comround
several times from glacial acetic acid and dried it on a vorous
p;ate, it cave a melting point of ZOZO ( corr.) The reaction

takes place accorind to the following equation; y

e Ny CCAH N
o,'C C:O /NNeb/“)‘ o. e % !
—+ 3 H Q:/l/% A — " H o
N, CH, o lj;C///y ] o CCAH GH,-
6 :o )\

(O3]
The yield of this 1: 2: b triformanilido cyclohexamdétrione is

about 17%.






Later we endeavored to hrine about this same condensation
in the absence of é solvent by simrly fusing one part of phloro-
glucinol with a little excess of three parts of dirhenyl formam-
idine. The mixture was heated in & | SQ, bath to 220°-225°C.
for thirty minutes. The brown liqnuid solidified on cooling and
was dissolved in hot pglacial acetic acid drom which it erystal-
lized in yellow crystals. A melting point showed it to he the
same substance as that produced with alcohol as a solvent. The
yield was much better by this method, giving about 50% , This is
good evidence that the alcohol solution changed rart of phloroglu-
cinol from the ketonic to tﬁe enolic structure.

2,35 grams of the diphenyl formamidine derivative was placed
in a small flask with 20 cc. of phenyl hydrazine and heated gently
for a half an honr. On cooling a yellow precipitate separated.
The suhstance was soluble in hot alcohol from which it was recry-
stallized severml times and finally dried on a pordus rlate. A&
nitrogen analysis gave the following results: |
0.2880 pgrams substance gave 48.3 cec. N. at 737 mm. and 26°0.

calculated for

&
45 /—g? /V9 Fouund
N. 17.88 % » 18.02 ¢
corresponding to the equation:
H N
CiCwHC N- 2 2
O.C - g/" 6/‘ Iﬁ_g”NN_( ¢ C/.\I“%"‘)
‘s . + 3 c'/V./\/ﬁ%N-
N’_/V NN EH_ = )
H\C,C . 7 '( \) H ’h _‘3,\110'
NEHNC. cncwH%(( mgHVCIC C:CNH%N-

Co,'o Q:A/-/VI
‘I%N‘_






This result confirms along with the oxime of rhloroglucincl and
the 1: 2: 5 triformamilido cyclohexamdtrione the keto structure
of rhloroglucinol.

In order to get a further proof as to the structure of
ﬁhloroglucinol we decided to make the oxime of the -diphenyl
formamidine of phloroglucinol. 4,35 grams of the diphenyl
formamidine derivative were dissolved in 60 cc. of aniline sxd in
a separate flask 3 grams of hydroxylamine hydrochlorine) .

szo}LHcﬁ were dissolved in aniline. The two rortions
were mixed and allowed to stand for several days at room tenmp-
erature. Cn standing a yellow com~ound, having very much the
arpearance of the original body, serarated. This was removed and
recrystallized several times from glacial acetic acid. A constant

o .
melting point was ohtained at 284 C. 0.2188 ecrams of this sub-

stance gave ZC.5 ce. of nitrogen at 25.5o and 742.5 mm.

calculated for Obtained
Gy N3% G
N. 15.05 % 15315 %

This percentage of nitrogen corresronds to a dioxime and not a

trioxime as we had expected. H
acNH%Mr
0.¢ CINOH
M N
HGHNC:C CLNHG K-
CINOH

Several attemptse were made under the ahove eéonditicns to obtained

the trioxime of the 1: 2: & formanilido cyclohexamtrione, hut
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each time it came down as the diderivative.

As hydroxylamine failed to give the trioxime, semicarbazid,
a reagent which is known to condense readily with compounds con-
taining the carbonyl grouping forming semicarbazones, was next
employed as the condensing agent.. The reaction was subject-
ed to the same conditions as the above hydroxylamine. The
formamidine derivative of phloroglucinol and semicarbzid chloride
were dissolved in separate portions of aniline and mixed while
warm and &llowed to stand for several days. A substance sépara-
ted having very much the appearcnce of the original body which
it was found to be upon taking a melting point of the purified
product. The unchanged body was again placed in the aniline
solution end heated to 120° —i—e 148° for two hours. This
time, on colling, & different compound came down which was due
to & reaction that had taken place between the aniline and semi-
carbazid. Several attempts were made to get the semicarbazone
derivative in aniline solution by heating at different tempera-
tures, but all were:« fruitless.

If our theory of the formation’of the diphenylformamidine
derivative of phloroglucinol is correct, there should be double

bonds between the nucleus carbon atom and the carbon atom of

H
the formemidine group B c'gg”*%“f
A
}{’_QHX)Q: e= CVHGH -

)
This theory being tikrue it should add six bromines. The re-

actions went with great ease. 2.17 grams of the formamidine

derivative were dissolved in hot chloroform, cooled and an excess
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of the calculated amount of bromine gradually added, with con-
stant shaking. Soon after the addition of bromine an oily
liquid formed on the surface and immediately a&a reddish brown
preciritate hegan to separate. Tﬁe mixture was allowed to
stand over nicght. This precivritete was insoluble in the com-
mon solvents, alcohol, chlqroform, ether, retroleum ether, ligroin
benzol and glacial acetic acid. It was nurified by long ex-
traction with chloroform which removed the unchanged rhloroglu-
cinol derivative and also the excess of bromine. It save a
constant melting noint of 28100. On analysis 0.2121 erams of

substance gave 0.261Z grams of AgBr.

calculated for Tound
C N N i3y @
7 A1 3 6 3 I 11
Br 52,45 52.42 52.34

_RBRr H

¢ Q—//VH%N - uci/\/H CGIJ‘_
0ic cio PN J. cia By
A oA » 7 A Br, Br N

/"-%H/V cse CCwWH %IJJ— “_CH/V,C~ [ C,—C’—/\/HC/J_

o s g V69
) Rr Lo Br

Our attemtion was next turned to ethylphloroplucinol di-
1
carhoxylate which was prepared by lMoore (1) by the action of

sodium ethylate on malonic ester:
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(1) Jour. Chem. Soc., 85, 168,1904.
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This body on treating with potassium hydroxide also forms phioro- ?
B
glucinol. Therefore the ketone structure was assigned to it

10
Moore brings proof that the body Baeyer synthesised was dicarbo-

xylate instead of a tricarboxylate as he supposed. This sub-
stance should condense with diphenyl formamidine if it is in

khe ketone form to give a8 momoformamidine derivative. 1.13
grams of diphenylformamidine were dissolved in alcohol and 1.35
grams of ethyl phloroglucinol dicarboxylate added. The flask
attached to & return flow condenser was heated for six hours bdbut
no reaétion took place. Semicarbagid and hydroxylamine dis-
solved in aniline also failed to react. When heated with ace-
tic acid no acet derivative wmas obtained. We next employed
the fusion method to obtain a formamidine derivative of ethyl
phloroglucinol dicarboxylate. One part of lMooré’sbody and one
part of diphenyl formamidine were heated to a temperature of

140° - 14500. for 20 minutes. The brown mass was slightly sol-
uble in alcohol and easily soluble in chloroform so a mixed sol-
vent was used to ' i recrystallized it. It orystallized in yel-
low crystals with & melting point of 202° - 2OZ°C. ihe yellow
~ color would lead one to believe it was a ketone splitting. The
average of seven nitrogen determinations ranging from 8.80 to

11,80 gave 10.13% N. which is too much for one formamidine group.

1f the carboxylate groups had been removed and replaeded by the
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diphenyl formamidine groups we should have the same compouﬂ&as
when phloroglucinol was fused with diphenylformamidine with
9.70 ¢ N. and melting pbint of 297 C. (uncorr.,) We ran out
of Moore's hody and we did not have time enough left to repeat
the ahove exreriment. We helieve that by the fusion method
we could obtain a derivative of Hoore's body. —

Since we were unable to get the troxime of the 1. &: & tri-
formailido-cyclohexantrione, nothing with semicarbazid, and noth-
ing with Moore's body we next prerared the trioxime of phloroglucin
-0l accoring to Baeyer(l). One part of phloroglucinol in 45
parts of water with 1% parte of hydrcxylamine hydrochlorine and
1% parts of potassium carbonate were placed in a glass storpered
flask and kept in the dark at a temperature of ahout 0°c. for
five cr =ix days. The brown sandy precipitate which formed
was filtered off from time to time. This sandy crystalline
powder had all of the properties he described; that is, diffi-
culty soluble in water, more scluble in chloroform, turned black
at about 14000. and exploded at 15500. colored a pine thaven
yellowish red.

Since the trioxime forme® so easily we concluded the semi-
carbazone should form in a like manner. 2.2 grams of phloro-
clucinol, 8,5 grams of semicarbazid hydrbchloride, 7 prams of
potassium carbonate, and 30 cc. of water were placed in a glass
stoppered flask and kept away from the light at a temperature éf

about o°c. for nine or ten days. Sandy cream colored crystals

- - - - - e R e e S ——

‘Ber. 1886, 19, 169. (1)






were formed. The crystals were removed, washed with water, sev-
eral timee and recrystallized from absolute alcohcl in flaky,

- o
cream colored crystals. Melting point 155-156 C. 0.2148

grams of suhstances gave 45.4 cc. of nitrogen at 747 mm, and

28°.
calculated for . Found
GHA4G
N. 22,95 22.79
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This experiment wae repeated several times under the ahove con-
ditions with the expectation of putting in two and possibly

"three semicarbazone groups.






THE STRUCTURE OF RESORCINOL AND SOME NEW DERIVATIVES.
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when fused with rotassium hydroxyl yields phioroglucinol; there-
()

Resorcinol_Nc usually considered a dihydric rhenol,

RN

fore it too may exist in the ketone structare AC[)‘“

N <o
CHw
This formula contains the —c0-cll,-C0- groupine which is
known to react with the formamidines. Jones and Stagpner

attempted to condense dirhenyl formamidine with resorcinol by
heating a mixture of the two in alcohol as a solvent. Both
were unsuccessful. We endeavored to bring about the reaction
by heating under pressure. Two rarts of diphenyl formamidine
and one part of resorcinol were dissolved in alcohol and heated
in a sealed tube in & brine bath at 1040 to 105°C. for ten hours.
This method eas also unsuccessful. we next resorted to the
fusion method. 1.1 erams of resorcincl and Z.9 gcrams of
diphenyl formamidine were heated in a flask at & temperature of
1450-16000. for three hours. The brown mass was soluble
in a mixture of alcchol and chloroform from which it was recry-
stallized several times and finally dried on a porous rlate.
The yellow comround melted at 197cC. C.2746 prams of sub-
stance gave 21.4 cc. of . at 1600. and 742.7 mm. rressure.
calculated for Found
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To remove any doubt we used a different formemidine, ethyl

dipsraphenetidine: g o7 HSH oG H-

TYGH, 0 SHy

This was prepared according to Walther(l)

by heating for &
hours two parts of phenetidine /4#%/; ogﬂé with one part of

-
orthoformic ester H.c,(g zf"— in a flask attached to & re-

turn flow condenser. ° ng.:t'ified by recrystallizing from
alcohol. 5.68 grams were placed with 1.1 grams of resor-
cinol in a flask and heated in H,JSO% bath for two hours at
& temperature between 1500-16000. The product was recry-
stallized from benzol in reddish yellow crystals giving a
melting point of 145°¢. 0.3036 grams gave 16.2 cc. of

nitrogen at 21° and 756 mm. pressure.

Calculated for Found
g
N. - 6.93 ' 6.73
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(I) J.Prakt. Chem. 55, 4I.






SUMMARY

Jones and Stagner, in their respective researches,
show that only substances containing the-ca.clg-oo- group will
condenwe with the formamidines of the type Hc;",'\:‘;

ed in bringing about a condensation between phloroglucinol

e succeed-

and diphenyl formamidine by simply fusing the two at a tempera-
ture of 2200-22500. for 30 minutes, giving evidence of the kato
structure of phloroglucinol. This method also gives & much
better yield than when a soivent is used. This formamidine
derivative of phloroglucinol d4id react, as our experimental
evidence shows, with phenyl hydrazine and hydroxyl amine, reagents
that are known to condense with bodies containing the keto croup-
ing, giving further evidence of the keto structure. When treat-
ed with semicarbazid, no reaction took place. The reasons why
this reaction did not take place is due to the slight solubility
of semicarbazid hydrochloride in aniline, to the reaction that
takes place between semicarbazid and aniline on heating, and to
steric hinderance caused by the nature of the groups in the mole-
cule. The fact that semicarbazid does react with phloroglucinol
giving a monosemicarbazone is proof that the negative result of
the triformamidine derivative of phloroglucinol with semicarbazid
is not due to the inactivity of the two substances.

From these results of phloroglucinol and its deriva-
tives we conclule that phloroglucincl has a large per cent of
the ketone structure as we were able to get reactions with every
reagent tried on the diphenyl formamidine derivative of phloro-

glucinol except semicarbazid.






Ay | PIBS

Resorcinol, usually considered as a dihydroxy phenol,
exists in the ketone structure as is shown by its condensation
with formemidines in the absence of & solvent by fusing at &
temperature of 1450~I600d. for three hours. .Calvert and
Jones and Calvert and Stagner attempted to condense resorcinol
with diphenyl formamidine in alcoholic solution, bﬁt were unsuc-
cessful. We also endeavored to bring about a reaction by
heating the alcoholic solution under prescure, but failed to
get a reaction. The enclic structure of resorcinol in alcohol-
ie sdlution seeme to be the more stable form, and for this rea-
son no reaction takes place with the formamidires in that sol-
vent. »

From these results we conclude that resorcinol exists
partially in the ketone structure when not in an ionizing sol-
vent. The evidence seems to show that substances which are
tautomeric in regard to enolic and ¥etonic structure will in
non-ionizing solvents give reactions supporting the keto struc-
ture if a reagent, like the formidines, is used which causes no
shifting within the molecule. |

This work was undertaken at the suggestion of Pro-
fessor Sidney Calvert, Professor Organic Chenmistry, at the
University of Missouri. I here take the cpportunity to ex-
press my thanks for his sound counsel aﬁd hearty encouragement
through the course ot this work. I also wish to thank Pro-
fessor Wehster Newton Jones for his valuable suggestions and

kindly interest shown me.
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