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REACTIONS OF METHYLENE HYDROGEN.

With Speciel Reference to the
Formamidine Reactions.

llethylene hydrogen is the term applied to the

hydrogen in certain groups of the formule CHs: when the
two unsaturated bonds shown, are filled by some group,
~or groups, which are negetive enough to make the hydro-
gensact as acid hydrogens and be replacable by metals.
When the bonds are filled by positive groups, such as
hydrogen or the alkyl radicals, these hydrogens are not
especially reactive. This property is shown very well
in the aliphatic hydrocarbons or alcohols where the
grouping is CHsCHsCHs-. On the other hend, when at-
tached to two negative groups, this hydrogen becomes
very reactive. The ketone group, -CO-, seems to have
a very strong effect, and, in those compounds where both
bonds of the methylene group are replaéod by ketone
groups, the acid properties of the hydrogen are espec-
ially marked. This action is explained by the fact
that the grouping *CO*CHs* CO* is tautomeric with a
second grouping -COH = CH+ CO * which is the structure
of an ordinary carboxylic acid in which the oxygen is
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substituted by & :CH-CO-

Other groups which have a tendency to make
hydrogen more active are cyanogen, which is present
in cyanacetic ester, nitro groups, &s in nitro ethane,
whieh in many ways seems to contain methylene hydrogen,
and the double bonded carbon which appears in some of
the ring structures.

A few of the best knoﬁn of these compounds
are aceto acetic ester, benzoyl acetic ester, maloniec
ester, cyanacetic ester, and, of course, their sacid
derivatives. Some of the ring structures, such as
methyl and phenyl isoxazolon, and the pyrezolones also
have methylene properties.

As noted sbove, these compounds have been
found to re<wet with a very large number of other sub-
stances, and have béen of great value in the building
up of organic compounds. Some of the more important
of the substances with which this methylene hydrogen
recacts are given in the list following.

l. Metallic sodium replaces either one, or both
of the hydrogens, the latter being given off as a
free gas.
2. ©Sodium hydroxide replaces the hydrogen by the
metal, with & splitting off of water.

Je Sodium ethylate re=acts, giving the metsl
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substituted compound, and free Cs2HsQH.

4. The alkyl halides and sodium ethylate to-
gether, replace the hydrogens by alkyl groups. Both
hydrogens may be replaced by the same alkyl group on-
by changing the alkyl halide, different groups may be
introduced.

b, Aldehydes condense with the methylene group,
splitting off water. One molecule of aldehyde may
re-act with either one or two molecules of the methyl-
ene compound.

6. Halogens will replace the hydrogens directly.

7. Diazo compounds re-act with compounds contein-
ing methylene hydrogen, 8plitting off an acid and giv-
ing the same compound which would result if & hydro-
zine were to re-act with a similarly placed carboxyl
group.

8. Mercuric oxide will replace one of the
hydrogens by the metal, mercury.

9. Alkyl substituted diformamidines of the
structure Hc:§§3 re-act, setting free & primary
emine, and producing a substance of the structure
:C:CHNHR.

10. Cyenogen, with these compounds, forms addi-
tion products with either one or two moles of the re-

acting substance.



1l. ©Nitrous acid oxidizes away the two hydrogens
and leaves a nitroso compound. Where one or both of
the hydrogens have been replaced by alkyl groups this
reaction does not take place.

- 12. With unsaturated compounds such as ethylens,
the compound containing methylene hydrogen will bresk
the double bonding and replace one by a hydrogen; the
other by the remainder of the compound. It is also
possible to break down triple bondings by this same
method.

13. With some of these compounds, carbon bi-
sulfide will re-act, evolving HsS,and replacing the
two hydrogens by :CS. With other compounds, it is
necessary to first replace the hydrogens by sodium and
let the'resulting substance be acted upon by CSCls.

 14. Where the methylene group is attached to
& ketone, or carboxyl, there is a tautomeric form,
~CO+CHs+ going over to -COH:CH-. Then the OH, to-
gether with the hydrogen from any smine present, will
split off water and leave the amide *CNHs:CH, where
ammonia is used,or -CNHR:CH where & primary amine is
used and R is the a2lkyl radicsl.

156. Sulphufyl chlorid will re-act in two ways
substituting either one or both of the hydrogens by

chlorine.
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This comprises a rather incomplete 1list of the
reactions and includes some reactions which teke place
with only certain compounds or groups of compounds., It
will, therefore, probably be better to give a survey of
some of the resctions of two or three of the better
known compounds of this type.

MALONIC ESTER.

One of the best known of these methylene-
hydrogen compounds is malonic ester, COOCsHs*CHs*COOCsHs.
This hes been especially studied because of the great
variety of syntheses into which it and its anselogues
enter. Melonic acid is a white, cerystalline compound,
melting point 132°C. Heated to about 140°C, it loses
COe and forms acetic acid. Its ethyl ester is a fra-
grant smelling liquid which is feirly stable.

Malonic ester re-acts with sodium, replacing
one of the methylene hydrogens by sodium and evolving

free hydrogen according to the reaction

CO00CaHs /DOOGaHs
2 HCH + Nas = 2 HGNa + Has
00CaHs CO00CsHs

melonic ester.

This reaction)takes place very slowly at room temper-

'). Ann. 204, 129. Conrad.
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ature, moderately fast at the temperature of the
boiling water bath, and briskly at the temperature of
the boiling ester. The low rate of reaction at room
temperature is due to the fact that the sodium deriv-
ative, produced, forms a coating over the metal and ,sq
slows down the reaction. The resulting compound is
80 much of a hindrance to the reaction thet even at
the higher temperature, it will not go to completion.
In obtaining the sodium derivative, it is therefore
better to let a ten per cent solution of CsHsONa in
alcohol re=act with the ester. The sodium selt will
then crystallize out as a white solid. Sodium malonie
ester has not been formed, as far as I was able to find,
by the direct action of NaOH. The reaction with sod-
ium ethylate is as follows.

///COOCQHS COOCsHs

QE:\ + C2HsONa = HQNa + CaHsOH
COOCsHs CO0CsHs

sodium malonic ester.

An alkyl helide will re-act with sodium
melonic ester, replacing the metal by an alkyl group.
Then a second mole of sodium ethylate will re-sct with
the substituted melornic esfer as follows.

% COOCaHs CO0CsHs
HCNa + XI = Nel + HCX

\\\ alkyl halide
COOCaHs C00CsHs



‘/COOCaHs CCOCsHs

HCX + CsHsONa = NaCX + CaHsOH
00CasHs COO0CsHs

This second sodium can, in turn, be substituted by a
second alkyl group which may or may not be the same as

the one first substituted, according to what alkyl helide

is used.
/OOOCaHs X /COOCaHs
NaCX - = C
N\ VAN
COOCsHs Y COOCsHs

In practice these products are made by heating either
one or two moles of sodium ethylate with the proper
quantities of malonic ester and alkyl halide. The re-
actions have been carried out using methyl, ethyl, propyl,
isopropyl, octyl, amyl, benzyl, end allyl iodides.

The ester can be broken down to form the potas-
sium salt by the action of potassium hydroxide, and these
salts when heated give off COs, going.over to the momo-

basic acid.

X COOCeHs X CO0OK
AN c/ N/

¢+ 2KOH = C + 2 CsHsOH
Y CO0OCeHs Y CQO0K



X COOH X ///COOH
AN AN
C Hggt c
N
Y COOH Y E
This gives an easy method for the synthesis of a d4i-
substituted acetic acid, or a forked chain aliphatic

acid.

VWhen two molecules of sodium melonic ester re-

ol ecant oy,
act with iodine '), sodium 10did 1s freedand seebyiems

tetracarbonic ester is formed.

//COOCaEs ?OOCIHE ?OOC:HS
2NeCNa + 2 Ie = 4 Nal 4 C========?
|
CCOCsHs CO0CsHs COOCsHs

In meking the disodium melonic ester for this reaction,
the selt must -be separated from the solution in which
it is made at once, or it will breek down give the fol-

lowing reesction:

C00CaHs //GOOEa
Na 8 Na + HaQ = Hqgf + CaHsOH
CO0OCaHs CO0CsHs

Substitution products of acetylene tetra carbonic ester

1) Ber. 17. 2782. Bischoff and Rech.



mey be made in the following ways:
a). By the direot setion of halogen compounds

on the sodium selt at higher temperatures. ~An example

of this would be the formetion of the hexscarbonic ester

of propene by the following resctions:

CO0CaHs CO0CsHs
Cls + CHs = HC1 + CIQE\
- COOCaHs CO0CaHs
?OOCan CO0CsHs
CHs + 2 CsH«ON&e =+ 2 C1CE =
| \\\
CO0CsHs CO0CeHs

COOCaHs ?OOCan ?OOCan

I
2NaCl + 2CesHs0H + CH c CH
I |
C00CsHs COOCsHs COOCsHs
hexacarbonic ester of propene.
b). By the reaction of & sodium mono alkyl sub-

stituted malonic ester on a chlor substituted maloniec

ester.

/cooc.Hs 00CsHs cl:ooc.Hs CO0CsHs
Hcc\i + NaGCsHs = NaCl + HC C CaHs
|
COOCsHs CO0CsHs CO0CesHs COOCsHs

ethylacetylene tetra carbonic

ester.
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This, in turn, when treated with chlorine gas, forms

ethyl chlor ecetylene tetra carbonic ester.

CO00CaHs CO0CsHs

/
c1 ¢ C\CaHs
\ooc.ns CO0CsHs

¢). By the action of iodine on the sodium

acetylene tetracarbonic ester or its derivatives.

C0OCrHEs ?OOCaHs COOCsHs COOCsHs
NaC————C - Na + Is = BNal+ &:-(I;
i ,
CO0CsHs COOCsHs COOCesHs COOCaHs
Dicarbontetra cearbonic
ester.

or, by the reaction of iodine on disodium di-chlor tetra

carbonic ester, di-chlor acetylene tetracarbonic ester is

obtained.
?OOCBHB 1?000335 ﬁOOCsHs
2 cl?Na + Is = 2 Nal + Q1C———C—C1
‘C00CaHs CO0CsHs COOCsHs
di-chloracetylenetetra carbonic
ester.

1)
When sodium is allowed to re-sgct with malonic
ester at 60 - 100°, alcohol splits off end two molecules

‘Join together as follows to form disodium acetone tri-

1l). Ber. 32. 1273 Willst#tter.
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carbonic ester.

COOCsHs COOCaHs
2CHNa(CO0CsHs )s = HC-———-CO-—G{fNa(H)
Na COOCaHs
(E) + 2 CaHsOH
This forme an acid which is strong enough to dissolve
carbonates and bicarbonates and to turn litmus red. With
ferric chlorid, it has the characteristic red color, which
is shown by the enol form of aceto acetic ester. It can
be shown as having either of the following two formulsae

to0 account for this.

(COOCsHs )sC =—==C(OH)——CHs °* COOCsHs
or (COOCsHs )s CH + COEH=—TH - COOCsHs

This compoundshould and does re=act very much like aceto
acetic ester. It undergoes both the ketonic and acid
splittings. The ketonic splitting yields acetone ac-
cording to the following reaction.

H__I‘—H-'l _

C00CaHs! CogCaRs!

| /P Rok 3

CHa CO—CH T~ = 3 CsHsOH + 3 COs + CHaCO
“P__BD-H ) |
ICOOCsHs| CHs

The acid splitting yields simply two molecules

of malonic acid ester.
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|
?OOC‘HB : COOCsHs COOCeHs
CHs c0+—cH = 2 CHs
+ HO'!H TCO0CsHs S~ C00CszHs
(CsHs0 |H)

This acetone tricarbonic ester gives rise to
& method of msking phloroglucinol. The sodium salt will

condense with sodium malonic ester, eliminating water be-

tween them.

COOCaHs COOCsHs
Gﬁ;f 64%&
Cé// CO OCsHs = 06/ \\CO
COOCsHs - \C—NaH+C Na H * COOCsHs
CsHs0CO COOCan-CNa/ggc'COOCnES
(]0)
Phloroglucinol
+ 2 CaHsOH

The acid chlorides 1.) re-act with sodium
melonic ester to give the acyl derivatives of the malonic
ester; and, since the second hydrogen will still re-act
as before, this leads to another important set of synthe-

ses. With benzoyl chloride and sodium malonic ester,

benzoyl malonic ester is obtained.

l.) Ber. 16. 1044 Bischoff.
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COOCaHs COOCsHs
CeHsCOC C1 + Na CH = NaCl + CeHsCO « CH
l
CO0CaHs CO00CsHs

Benzoyl malonic ester.

With ortho nitro benzoyl chlorid, ortho nitro benzoyl,
malonic ester can be obtained; and then, from this by a
reaction with sodium and iodine similar to thst for the
preparation of acetylene tetra carbonic ester, di-o-

nitro benzoyl acetylene tetra carbonic ester can be ob-

tainedo

///,001 ?OOCGHS QOOC-HS
CeHe + Nac|:H = NaCl =+ ca\Ha.— co-«c\n
"NO=s (0) COOCaHs NOs(0)COO0CaHSs

0-nitro benzoyl malonic ester
Na + Is
?OOC.H; %OOOOHB
CeH«a—CO—C——C—0C— CsHs
TT—NO0alo) | | (o) NOa
COOCaHs COOCaHs
di o-nitrobenzoyl acetylene tetra
carbonic ester.
Propionyl chloridl) re-acts with sodium malonie

sster tolgiVe propionyl melonic ester. The butryl malonic

sster has also been made by the seme sort of a reaction.

l1.) Ber. 20. 1325. Lange.
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COOCsHs ?OOCle

%FCOCaHs ?E COCsHy

COOCaHs COOCsHs
Propionyl melonic ester. Butryl malonic ester.

By the action of KNOs these acid radical sub-
stituted malonic esters may be made into iso-nitroso,

substituted aceto acetic esters.

?OOCIHS
CHCOCeH7 + HNOs = COH7GO » CNOH . COOCsHs
CO0OCsHs

Nefl) gives the formula of sodium msloniec
ester similar to that of the sodium aceto acetic estex
enol form, that is, the sodium shifting to the carboxyl

carbon and forming & double bond.

0CsHs
COOCsHs COOCsHs C\
l | | ONe
?H‘ + Na — HCNa & ?
I
COQCsHs COOCsHs CO0CsHs

and for the disodium compound.

-0CsHs
L] Cco

| ~oNe : OCsHs
ﬁ  a ?Nan
~ONa

c‘OC.H; COOCsHs

l.) Ann. 266. 67 Nef.
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He says that the reactions can not be ex-
plained by the saturated formula, because the sodium
should not be very replacable when attached to carbon.
In the unsaturated form there is, on the other hand, e
chance for other substances to add directly and then
split off the sodium sslt. As a second reg=son, he
brings forward the fact that at & higher temperaturez‘)
the sodium malonic ester loses alcohol and forms the
acetylene derivative CONa==C COOR which polymerizes to

form sodium phlorglucin tricarbonic ester.

C O Na
coon-i ﬁCOOR
NaO \\\ //9 0 Na
c
|
COOR.

Sodium malonic ester re-acts with chlorcar-
bonic ester to give an acid, CypH;40,, Which is stfong—
er than carbonic acid, and Nef thinks that this is ex-
plained better by his structure,

_0CsHs

Cc
“QONa

c,cooc.ﬂs
~C00CsHs

than by the ordinary structure,
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CO0CsHs
CH— COOCaHs
C00CaHs

Benzaldehydel') re-acts with malonic ester in
the presence of either fuming hydrochloriec acid or ef

acetic anhydridez') to give Benzqi malonic ester and
water.
CO0OCsHs CO0CsHs
CeHsCH{O + Ha'C = CsHsCH = ¢
COOCaHs CO0CsHs

Benzalmalonic ester.

Benzal malonic ester re-scts with bromine with difficulty.
The brom addition product may be made by letting the two
stand dissolved in chloroform. If the ester is warmed
with baryta solution and then neutralized with hydrochloric
acid, the free benzal malonic acid is obtained. This
ecid is fairly strong, forms metallic selts, and can be
reduced to benzyl malonic acid CeHsCHs + CH -(COQH)s.

With bromine it breaks down as follows:

CsHsCH = C —(COOHfig))a + Brs = CeHsCH:C’ gﬁo"“
+ NaBr + COs.
Acetaldehyde in the presence of acetic anhy-

dride forms two condensation products with malonic ester,

l.) Ber. 14 348
2.) Ann. 218. 132 Claisen.
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reaching with either one or two moles of the ester.

The reaction may be considered to go on as follows:

COOCsHs CO0CasHs
e I
CHaCH [O_+ Hal = CHsCH =?
CO0CsHs CO0CsHs

acetal malonic ester.

Then & second molecuéi)of melonic ester re-scts with the

acetal malonic ester to give ethylidene malonic ester.

?OOG-Hs ?OOCDHS CH(COOCsHs )a
CHeCH =(i + CHs = CHaC\H |
l
CO0CsHs CQOCsHs CH(COOCaHs )=

ethylidene malonic
ester.

Paraldehydel') in the presence of acetic anhydride con-

denses with malonic sacid, breakiﬁg off COs, and forming
crotonic or B methyl glutaric acid, according as one or

two molecules of the malonic acid re-act with the paral-
dehyde.

CO0CsHs COOCeHs
CCls CH{C + Ha C = ccucn-—-——/

CCOCsHs COOCsEs

l,) Ann. 218. 145. Kommenos.
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The reactions of ortho formic ester <) with
malonic ester in the presence of acetic enhydride and
of ZnCls give another method for synthesis. Aicohol
is split off, and ethoxy methylene malonic ester formed.
Thig compound is very reactive. With ammonia,it goes

over to amido methylene malonic ester.

?OOCaHu CQO0CsHs
|
?———0316_6;1155_ HNHs = C = CHNHs + CsHsOH
|
C COOCsHs CO0CsHs

Ethoxy methylene malonic ester.
With eniline it forms & similar anilido compound. In
the presence of caustic potash, the CsHsOH is split off
end hydroxy methylene malonic ester formed.

?OOCnHB COOCaHs

?===CHCOC-H5 4+ HOH = C——CHOH + CsHsOH

COCCaHs C0O0CaHs

This is an acid which forms metallic salts.
Ethoxy methylene melonic ester can also re-
act with malonic ester to form carboxyl glutaconic ester

eliminating alcohol.

COOCaHs ?OOCan ?OOC.HS ?OOGsﬂu
[

?===CH003H5 + CHa = (f _“_""—‘-CH—?H
CCOCsHs éOOC-Hs CO0CeHs COO0CseHs

dicarboxyl glutaconic ester.
2.) Ann. 297. 1, 75 Claisen.



19.

With loss of alcohol this goes over to ethoxy cumalin

dicarbonic ester.

?OOCIHE Q?OC;Hu

C=—=CH—¢C
! / .
CO — 0 —COCsHs
Halogensl') will replace the methylene
hydrogen directly, forming either mono or di substitut-
ed products. When chlorine gas is led into malonie

ester, the hydrogen is replsced.

CO0CaHs COOCsHs

éHn + Cle = HC1 = éHCl

éOOC.Hs éOOC;Hu
By boiling with hydrochloric acid, the chlor maloniec
ester hydrolizes to hydroxy acetic acid. By hydrolysis
with caustic potash and then neutralizing with HCl1l tar-~

tronic acid is obtained.

CO0CsHs
CHC1 + HeO (HC1l) =CHsOH COCH + COs + (HCL)
\\COOC-HB + 2CsHs0H

l.) Ann. 209. 218 Conrad and Bischoff.
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CO0CaHs /COOO-H;
|
H? cL + HaeO = HC1 + CHOH
\
COCCaHs COO0CsHs

Tartromic ester.

Dibrom®*)

maloniq acid cen be made by the
action of bromine on malonic scid in formic scid solu-
tion in the sunlight. It breaks down when hydrolized

with baryta to form meso-oxelic secid.

COCH COOH

| |

?BR: + HaO = co Meso-oxsalic acidz')
|

COOH COOH

By the action of freshly precipitated mer-

3.)

curic oxide on malonic ester the methylene hydrogen

is replaced by mercury.

COOR - RCOO COOR
|

CHe + Hg0 = CH-Hg CH

| yd

COOR RCOO COOR

The calcium?*) Salt of malonic ester Ca(CnH1704)2 is
formed by the asction of calcium on melonic ester. Alum-

inum emalgem replaces & hydrogen giving Al(CrHy704)3

l.) Ber. 25. 1374. Willst&tter.

2.) Ber. 35. 1819. Conrad and Rembach.

3.) Ber. 41. 2087. Schranth and Schoeller.
4.) Meyer end Jascobson I, II, 2; 335.
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The alkyl, disubstituted, formemidines re-
ect with the methylene hydrogens of malonic es‘terz,")split-
ting off the primary emines and substituting, for the
He of the :CHs, the group :CHNHR. This reaction takes
plaece when the formamidine has been heated with the
malonic ester. With diphenyl formamidine the reaction

is as follows:

NHCeHs /COOCsHs CO00CsHs
|
CH + CHs = CeHsNHCH : C + CsHsNHs
' |
et ™ coocas | CO0CaHs

Cyanogenz') re-acts with malonic ester to give
two compounds. When cyanogen ges is led into a solution
of sodium, malonic es‘(;.er a dark red crystalline precip-
itate is formed. This is & d.;imido derivative of oxaly’

dimalonic ester.

CO0CsHs
HN:C— CNa(COOCsHs )s

(CN)s # 2 HC = I
A HN:C —CNa(C00CsHs )s
COO0CsHs

By the action of more cyanogen on a solution

containing sodium éthylate & second compound is formed,

3e)

& dicyeanmelonic ester.

l.) Ber. 36. 2496. J. Am. Chem. Soc. 31. 1148 Dains.

2.) Ber. 31. 191 Traube.
3.) Ber. 31l. 2946, Traube.
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HN:C+CHLOO0CaH
(CN)s + CHa(COOCeHs)a = | %2

CKX
dieyan melonic ester.
Nitrousls) acid re-acts with malonic ester
oxidizing it to mesoxalic ester and to dioxy malonie
ester.
HeC(COOCsHs)s + Os = HaO + CO(COOCsHs),
mesoxalic ester.
HeC(COOCaHs)s + 2 0 = EQ)C(coocaHs)a
HO
dioxy melonic ester.

Melonic ester also shows its acid properties
by breeking into the He and +HC(COOCsHs)s groups and
adding to either two or three bond, unsaturated compound.
With mesityl oxide it re-scts to form di-methyl di-hydro

resorcyliec ester.z’)

(CHs )oC :CHCOCHs + CHa(COOCsHs)s = (CHs)sC CHaCOCHs
CsHsCOOCH COOCaqHs

which with loss of alcohol goes over to

(CHa)m cI: CHsCO
CeHsCOOCHCOCHs

CaHsOH =+

di-methyl dihydro resorcylic ester.

1.) Meyer amnd Jacobson I, II 2. 335.
2.) Meyer and Jacobson I, II 2. 33b.
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Sodium malonic ester re-acts with CsClas

replacing the H groups by & : CS group..
(COCCsHs )s C Nas + Cls SC = (C0O0CsHs)s C = CS

With diezo benzenme ohlorid " melonic ester
re-acts, splitting off one molecule of HCl,and giving
a substitution product which is the seme as that gotten
by treating mesoxalic ester with phenyl hydrazine.
This requires & re-arrengement of the hydrogen in either

one group or the other.

CO0CsHs ﬁOOCaHu
C 0. _ "+ Hs! NNHCeHs = C=—=N . NHCeHs
\
COO0CaHs COOCsEs

Mesoxelic ester
FOOC.HS COOCsHs
H CH _+ ClNaCsHs
CO0CaHs COOCsHs

%FN : NCaHs

As the compound formed is not soluble in
caustic potesh, the probabllity lies with the hydrazine
formla, the second hydrogen going over to the nitrogen
to which the phenyl group is attached.

Latarz°), however, R. Meyer found that this

benzene 8zo0 malonic ester would form silver salts. This

1l.) Ber. 21, 11 Victor Meyer.
20) Ber. 24, 1241. Re. Meyer.
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would point to the second form. It may be that the
two are tautomeric.

By distilling with phosphorous pentoxide®*’
e rather unusual reaction takes place. The melonic

ester is dehydrated to form carbon sub-oxide or CaOs.
CHa (COOH)s ~ J3HaO + CgOe

This may be collected by using & receiver which is
cooled to -50°C by liquid eir. It oxidizes readily

to carbon dioxide and can be analyzed by that method.
ACETOACETIC ESTER.

Acetoacetic ester is another compound aon;
tainging methylene hydrogen and it is found to have &
large number of reactions similar to those of malonic
ester. It is formed by the action of sodium on ethyl

acetate in the presence of alcohol.

40 : _ONa
CHaC +2 CaHsO0H + No = CHe—C— CasHs + Hs
~0CaHs “N0CsHs
OI(’H)
ONa H 8
cHscT0paH,~ + H.L C COOCeHs = CHsC—==CHCOOCsHs
YQCsHs _ BT

This structure is analogus to one of those given for

1.) Ber. 39, 689. Diels, Wolf.
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malonic ester, and is tautomeric with the formula
CHsCOCHs COOCsHs, which is the formula usually used for
aceto acetic ester. ]t has been proven that both struc-
tures exist tautomeric when the aceto acetic ester goes
into solution.

With sodium®*), the sceto mcetioc ester in
solution, in alcohol- and water —free benzene or ether
reacts, giving off hydrogen and forming sodium aceto
acetic ester. This reasction takes place as follows
probably:

2CHaC(OH) : CHCOOCaHs + 2Na = CHsC(ONa) : CHCOOCsHs.

It is probable that the sodium salt has the enol form,
because it is possible $o obtain only the mono sodium
gceto acetic ester, which would be explained by assum-
ing thaet the sodium would replace only the hydrogen of the
hydroxyl group. Other reesctions, however, lead to the
assumption that both forms are present in a solution of

of sodium aceto scetic ester.

CHaC(OH) : CH COOCsHs == CHsCOCHsCOOCaHs
Sodium aceto acetic ester can also be formed
by the asction of sodium ethylate in solution on aceto
scetic ester. The resulting compound is the same &s

thet sbove end in this case, too, it is impossible to

1.) Ann. 186 184. Williams.
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obtain more than the mono substitution product.

By the use of the alkyl iodides, the sodium may
be replaced by an alkyl group, and a&fter the one alkyl group
has been introduced, the second hydrogen becomes replacable
by sodium and then, by a second alkyl group which may be the
same, or different from the first. The mechanism of the re=

action may be as follows:

CHs C: CHCOOCzHs + XI = CHe CO* CHXCOOCeHs
I

ONa + Ia
CHsC(:0) CHXCOOCzHs == CHsCOH : CHXCOOC=Hs

CHsCOH : CXCOOC=Hs + Na = CHsC : CXCOOC=Hs
I

ONa

CH.? ¢ CXCO0C=Hs + YI = CHs ?\- CXYCOOC=Hs
&
Olle ONa

= CHaCOCXYCOOC=Hs
The sodium salt exists in the enol form. The alkyl
iodide adds directly at the double bond and then splitts
off a sodium iodide. The above structure is given to the
substituted sceto aoetic4ester because when it is hydrol-
ized with NaOH, a ketone is formed which seems to have

that structure. The hydrolysis is as follows:

|
CHeCO C COUCe=Hs — Naz00s + CeHs0H + CHeCOCXH=
N %OH
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CHsCOCXYCOOC=2Hs + 2NaOH = CHaCOCXY + Na=00s + C2HsOH

This is a synthetic method for the preparation of the high-

er ketones. When the X or Y are acid groups, the ke-

tonic acids may be formed. It is therefore possible to

synthesize a large number of preparations by this method.
This also gives a synthesis for the higher fatfy

acids, for by heating the disubstituted aceto acetic ester

with sodium ethylate degydro acetic acid and the disubsti-

tuted acetic ester are obtained.

Cc0-0c+CHs

4CHsCOCXY COOCeHs = GE-GéCE~GOGH + 4CHXYCOOCeHs

dehydro acetic acid

As with sodium malonic ester the halogens re-
act with sodium aceto acetic ester to make two or more

molecules add together.

CHeCO CHsCO
I

2CHasCOCHNaCO0C=2Hs + I= = ?H———-QF
CO00CeHs COOCeHs

di-acet succinic ester.

By replacing the second hydrogen by a sodium and then
treating with iodine, it should be possible to get the

ethylene derivative and other products.
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1)

With halogens aceto acetic ester re-scts
to give either mono or di-halides with the structure
CHsCOCHC1-COOC=2Hs and CHsCOCCle  COOCzHs.

With aldehydea?)aoeto acetic ester condenses,
vielding an alkyl methylene substitution product. By
the action of dry hydrogen chloride on an ice co0ld mix-
ture of acetaldehyde and aceto acetic ester, a condens-
ation product methyl methylene aceto aoetio ester is

obtained.

on.clzo
CHeCH |0 + Hs C— COOCzHs = CHeCO(CHeCH:)C COOCzHs

This with Bromine gives a disubstitution product, the

bromine probably entering at the double bond.

BrC COOC=Hs

CHeCHBYr
When dry hydrogen chloride is led into a cold solution
of benzaldehyde with sodium aceto acetic ester, the
phenyl methylene aceto acetic ester is formed. This
like the acetaldehyde derivative forms a di-brom addi-
tion product. With benzaldehyde saturated with dry

1) Ann- 186, 232 Conrad-
2) Ber- 14; 3456. Claisen.
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hydrogen chloride it forms an addition product.

COCHs
|
CaHsCH : C COOCe2Hs + HCl = CseHsCHCL * CHCOOC=Hs
|
COCHs

Which can be changed over to its isomer
CeHs CHs CC1——CO0C=Hs
éOCHs

Chloral undergoes condensation with aceto acetic ester
to form the tri-chloral addition product and isobutyl
aldehyde also forms an analogous product. Aldehydes
re=act with mono-or di-alkyl substituted aceto acetic
esters only with great difficulty and then the condens-
ation is with the hydrogen in the acetyl group ratier

than with the methylene hydrogen.

CeHsCH : CHCO * CH-CeHs. COOCe2Hs and
CeHsCH : CHCOC(C=2Hs)COOCzHs being formed.
When aceto acetic ester is dissolved in di-
lute cgustic potash solution and to it is added a di-
lute solution of benzene diazonium ohloridel) and the
solution then filtered and acidified, one gets a phenyl
diazo salt. This may go over the hydrazine form as

the malonic ester derivative of diza Dbenzene chlorid

does.

1) Ber. 10. 2075, TVictor Meyer.
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?O

l
CO0CeHs

Nitrous acid

30,

CHs
l
co

l
CHE + ClNeCeHs = NaCl + CHN=CeHs

!
CO0QCeHs

1)

oxidizes away the methylene

hydrogen of the aceto acetic ester and forms with it

nitroso aceto acetic ester.

CHs

I
co

CHe + ONOH =

|
COOCeHs

CHs
o
é = NOH
éOOCzEs

This reastion with nitrous acid does not

take place quite as easily when the hydrogens are sub-

stituted by one or two alkyl groups.

When these are

present, carbon dioxide is evolved and ethyl alcohol

freed, the reaction being as follows.

CHs
co
é:iH + 0 NOH =
CHs H
- ‘cﬁq'f;;n’i Tﬁ?
! H
1) Ber. 10. 2075.

Ber. 15, 3067.

?Ha

?o

C— NOH
~CHs

+ CO2.+ C2HsOH
+H=0

Vietor lleyer.

V. Meyer and Ceresole,



3l.

With the disubstituted ester the di-ethyl derivative

is given.
CHs CHe
' I
co co
| ~C=Hs | _CeHs
ol + ONOE = ¢
| “C=Hs | ~ CeHs
CO0CeHs NO

When oyanogen gee is led into a solution con-
taining aceto acetic ester and some sodium ethylate, a
white, crystalline, product of di-cyan-di-aceto acetic
ester crystallizes out. This, on further addition of

cyanogen, goes over to di-oyanaceto acetic ester.

_~-COCHs
CH
| N C00C=Hs
2 CHeCOCH2C00C2Hs + CNle = C : NH

|

C : NH

| - COCHG

CH

~C00C=2Hs
or dicyan diacetoacetic ester
CHsCOCH=2000C2Hs + (CN)2 = CHaOO%(CN)HGOOCsz
C : NH

dicyan sceto acetic ester.

AmmOnial) re-acts with aceto acetic ester to

from paramido acetd acetic ester

1) Ann 226. 298, Collie.
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CHs CHs

C: ‘OH + HNHe = ?HHB
CH CH
(!3000135 CIBOOCtHs

With sodium nitrite in acetic acid solution this goes

over to nitroso aceto acetic esfer with evolution of

nitrogen.

?Ea CHs
l

%KH: + 2HONO = N= + 2H=0 + CO
|

clm C : NOH
I

C00C=Hs CO0C=Hs

With acetisc anhydride, pa;amido aceto acetic
ester condenses to form a pyridine ring, splitting off
smmonia and aleohol and yielding hydroxylutidin carbonic
ester CsNH - OH+ CHs* COOCeHs *CHs 1, 3, 5, 6.

1)

Methyl amine™  and aceto acetic ester re-act

to give a di-ethyl paramido aceto acetic ester.

CHsNHe + CHeCOCH2COOCsHs = H20 + CHeC-NHCHs : CHCOOOsHs
(CeHs)eNH + CHsCOCH2COOC#Hs = HeQ + CHeC*N(CeHs)=:CHCOOCsHs

Aniline re-ascts with asceto acetic ester at room temper-

ature in from ten to twelve hours to give paranilido

1) Ann 236. 70 Enorr.
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acetoacetic ester and this, at higher temperatures,
splite off an aloohol replacing it by an anilido group.
Acetoacetic estexf re-acts with carbon bi-

1) 4n the presence of aleohol to give thio-rufic

sulfid
gcid.

CHeCO * O (CS2H) CSO0C2Hs - C00CeHs

With a metallic oxide, on the other hand & product is
obtained which contains one less alcohol and carbon di-

sulfid than thp rufic seid.

CHeCO C(CS) ° COOCeHs

?) gives two reasctions with

Sulfuryl chlorid
sceto acetic ester. It may replace either one or both

of the methylene hydrogens by chlorine forming either

CHeCOCClz COOCeHs
or CHeCOCHC1 COQC=2Hs

Phosphorous pentachlorid dehydrates aceto
acetic ester and replaces one H by & Cl giving CHsCCl :

CH - COOC=Hs.

With the disubstituted formamidiness) aceto
acetic ester re-acts like malonic ester did, splitting
off a primary amine, and forming a methylene anilido
(or amino) derivative.

1) Ber. 10. 701. Norton and Oppenheim.

2) Ber. 11. 567.
3) Ber. 35. 2496. Dains.
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CHs CHs

| |

co co

I [

CltHs + CeHsN=—CHNHCeHs = C : CHNHCeHs

l 7
CO0C=Hs CO0C=Hs
This however at & higher temperature is acted upon by the
molecule of the amine, formed, splitting off alscohol and
forming the anilido derivative according to the following

reaction.
CHs CHs
éO (;0
é : CHNHCeHs = é : CHNHCeHs
(I}OOC eHs + HUHCeHs (;ONHGcEs

When aceto acetic ester is treated with either
an acid chlorid or any straight chain substituted chlorid,
in the presence of sodium ethylate, it seems to be very
easy to eplit off an NaCl and form an addition product.
Thus, with acetyl chlorid, diacetyl acetic esterl) is

formed. With benzoylz) ohlorid)benzoyl aceto acetic

ester i1is formed.

CHsC CHsCO_ COCsHs
o\/mma + C1 OCCeHs = CE
CO0C=Hs CO0C2Hs

1) Ber. 16. 1368. and 2762. Elion.
2) Ann. 187. 1. Bonne'
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1
Benzyl )ohlorid also gives an addition product, which,
on undergoing ketonic hydrolysis, yields methyl phenyl-
ethyl ketone according to the following reactions.

CHsCO___ CHsC0

~ CHNa + C1- CHeOeHs = “CHCHeCeHs
C0OOCeHs CO0C=Hs
CHsCO ___
— oy CHCH=2CeHs = CHesCOCH2CHeCeHs
COquHq;
2 I H
+ 0 H/

In the same way it is possible to form some
ring compounde by the use of di-substituted halides with
sodium asceto acetic ester. Trimethylenoz) brom_ido re-acts

with aceto acetic ester to form a four carbon ring.
CHs

|

Co

| CHe
¢~ ?cn.
,\0 2

CO0CeHs
Ethylene bromide re-acts to give a tristomic ring

CHe CO- C - COOCeHs
7\
CHz — CHs

Thus acéto asetic ester can be used in a number of

1) Ann. 187. 11. Ehrliock.
2) Ber. 16. 1787 and 2136. W. H. Perkins Jr.
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syntheses for ring compounds and their derivatives.

CYANACETIC ESTER.
Cyanacetic ester is another compound in whose
structure is found a CHes group connected with two very

negative groups, a oyanogen and a carboxyl;
CNCH= COOC=Hs

and which may be considered to have the two tautomeric
gstruotures for its salts:

Na .N : C : CH COOC=Hs
or NCCH : C(ONa) OCeHs

Its reactions are very similar to those already given
for malonic ester and for aceto acetic ester. Only a
few of the more important ones, then, will be mnoted.
Its hydrogen is, 28 has been noted for the others, very
acid, and is, therefore, replasable by metals. The
sodium salt may be made by the treatment of the ester w
with either metallic sodium or sodium sethylate. This
sodium salt re-scts with alkyl halides to give the
alkyl derivatives by & reaction analogous to that with

malonic ester or with aceto acetic ester.

NCCHNaCOOC=2Hs + C2HsI = Nal + NCOH(C=Hs)COOC2Hs
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Acyl chloridse replace the sodium of sodium cyanocacetic
ester by the acyl group. Acetyl chlorid gives aceto
cyen acetic ester CHs 0O * CH(CN) + COOCeHs.

With nitrous acid, oyanacetic ester gives
oximino oyanoacetic ester which has practically the

same struoture as.the aceto acetic ester derivative

NC-C: NOH * COOC=Hs
CHeC : NOH * CH COOCeHs

Acetone condenses with cyanoacetic ester in the presence

of diethyl aniline to form isopropylid.en eyanoacetic

ester.
CH CHs CHN
| \ I CHs
CHe + 0C = (C=C + He0
| | I CHs
C00C=Hs CHs CO0C=Hs

With ammonia and acetone another condensation
takes place yielding a dioxypyridine derivative, Alde-
hydes, with ammonia, also form condensation products
when added to cyanacetic ester. Indeed, the oyan-

acetic emter is so reactive that it even forms addition

products with itself.

2CNCH=2C00C2Hs = C=2HsCOOCH2C : HE?HON
¢00C=Hs
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METHYL ISOXAZOLON.

Hantzaohl)

prepared methyl isoxazolon by the
action of hydroxyl amine on aceto acetic ester in alka-
line solution. He dissolved one and one-third moles of
hydroxyl amine hydrochlorid in water, neutralized this
with caustic soda solution and then added a voimne of
the caustic soda equai to that necessary for the neutral-
1zation. He then heated the solution to 40° - 50° C.
and added, without cooling, one mole of asceto acetic
ester. After standing several hours, the solution
should give, with an excess of concentrated hydroohléric
acid, a yellow, crystalline mass which may be crystal-

lized from hot water or purified by making the barium

salt.
cn.-%{-cna CHsC CHe
|
Ve
_7 0ACO = co
CHe "\ _ _ N\ _/
N AN—{0R0CsHs 0
2)

Whlenhuth = found this method very uncertain,
and so advised a second method. He prepares the oxine
of aceto acetic ester by esdding a concentrated water
solution of hydroxylamine (one mol.) to an equimolecu-
lar mixture of aceto acetic ester and aniline. The
oxime is extracted with ether and the ether left to

1) Ber. 24. 497.
2) Ann. 296, 46.
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evaporate off by standing. The oxime is then put into a
test tube and two-and-a-half times ite volume of concen-
trated ammonia water added. The mixture is boiled until
it 18 brought down to the volume of the oxime used and is
then poured out onto a wateh glass. When treated with
a little concentrated hydrochloric acid, the ammonia salt
is broken down and free methyl isoxazolon obtained. This
method can be used only for very small quantities. UYhlen-
huth says that not more than two cubic centimeters can be
worked up at one time. If a larger quantity is used,
the methyl isoxazolon breaks down.

The CHe group in the methyl isoxazolon is be-
tween two negative groups, and so the hydrogens should,
and do, have acid properties. In fact, there is enough
ijonization so that the water solution re-acts acid with
indicators. It forms metallic salts with potassium,
barium, silver, and in fact, with almost any metal. With
amines, either primary or secondary, addition products
are formed. Ammonis and methyl isoxazolon gives
CgHy10383 which is a white salt. Di-ethyl amine and
methyl isoxazolon re-act to form a white salt Clzﬂlgoaﬁs.
Anilin, naphthylamine, and phenyl hydrazine addition
producte have also been made.

The esters of methyl isoxazolon can be pre-

pared by the action of the alkyl halide on the silver
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salt. Both the methyl and ethyl esters have been pre-

pared. They are white, orystalline, salts melting at
74°c. and 91°C. respectively.

Diazo benzene ohloridl)

re-acts, as with
other compounds containing methylene hydrogen, splitting

off an HCl and forming

CHs ?-;:—-—?N:HCQHB
Cco

X
\ /
0

With acetic anhydride, two methyl isoxazolon

rings condense to form

im—-m clz (I} cfococgs
CHsC 0 c\ 0
N,/ N/

Since the hydrogen of methyl isoxazolon was
acid and since the compound has been found to give sev-
eral of the reactions which methylene hydrogen gives,
work was started to see whether a reaction would take
place with disubstituted formamidines according to the
method discovered by Dr. Dains‘?‘l To do this, however,
it was necessary to get some methyl isoxazolon %o work
with,

1) Ber. 27. 1174. EKnorr and Reuter.
2) Ber. 35. 2496,
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For this preparation the method of Hantzschl)
was first tried. Twenty-seven grams of HeNOH * HC1l
was dissolved in a little water and neutralized with
thirty-two grams of caustic soda. To this was added
thirty-nine grams of aceto acetic ester, the container
being shaken meantime, and the temperature kept below
55°C. The solution was carefully neutralized with
concentrated hydroochloric acid; and, as nothing orys-
tallized out on standing, some of the golvent was distil-
led off under reduced pressure at 40° - 50°c. Now,
when it stood,a white solid orystallized out. This
was not methyl isoxazolon becesuse it burns with explos-
ive violence. It has no definite melting point, but
when heated to about 250°C., it turns black and breaks
down.

The same method was tried using & little
pyridine as a oatalizer, but it was again unsuccessful.
A third triel was mede by keeping the reacting substances
c0ld with 1ice when they were mixed, and then heating

them an hour at 40°- 58 ¢., but with the ssme results.

1) Ber. 24. 497.
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The method of Uhlon.huthl) was next tried
with rather unsatisfactory results. By a variation
of this method, however, it was found possible to get
gsome of the methyl isoxazolon. Two grams of the ox-
ime of aceto acetic ester were made according to the
method of Phlenhuth, and this, treated with concen-
trated ammonia water and distilled under reduced pres-
sure at 40°- 50°0. FProm this a small amount of
methyl isoxazolon was obtained which, when re-crystal-
lized from glacisl acetic acid, melted at 160°C.

When larger amounts were used, this method worked fair-
ly weell. Thus fourteen grams of the oxime with
thirty-five cubic centimeters of ammonia water gave
one and two-tenths grams of methyl isoxazolon.

Owing to lack of time, the reactions of
methyl isoxazolon with diformamidines were not tried,
but attemptes were made to get the derivatives by indi-
rect methods. These were unsuccessful in the purpose
aimed at, but may lead to an isoxazole synthesis.

The reactions of methyl isoxazolon with d4i-
phenyl formamidine should be as follows:

CHs f—-—?ﬂa + CeHsN:CHNHCeHs = OHn(i‘—Cll:OHIi'E
N

co N CO CeHs

\0/ \0/

1) Ann, 296. 46.



It was thought that if the anilido methylene deriva-
tive of aceto acetic ester was obtained, this night re-
act with hydroxylamine to form the isoxszolon just as
aceto acetic ester did.

CHs C——C : CHNHCeHs CH-% —(|2 » CHNHCeHs

I
0 + -0CeHs = N co

\
Hee N* 0 H 0/

This should give the same derivative as would
be obtained by the reastion of methyl isoxazolon with

diphenyl formamidine. A second reaction, however, is

also possible, and this is the one that more probably

took place.
CHe (i———(.". CO0C=Hs Cﬂaﬁ——cl% COOC=Hs
0 CH-NHCeHs = N CH
N &
HeNO —— H 0

This compound was not deseribed in the literature, but
the dimethyl isoxazole carbonic ester was described as
an 0il with an odor like pyridine., This corresponds

with the propefties of the substance obtained from this

reaction. In carrying out these reactions, the o-
anisyl and o-phenetetyl derivatives were used because

aniline tends to form di-anilido derivetives with aceto



acetic ester and these would not re-act as well as the

mono derivatives.

———Qem-

Di-o-anisyl formamidine was made by heating
forty grams of o-anisidine and twenty-five grams of
orthoformic ester on an oil bath at 140°C. for two
hours. On cooling, the whole mass solidified, and
was re-crystallized from benzene diluted with ligroin.

I obtained a yield of thirty-one grams, melting point
105° - 106°c.

About twenty grams of this di-osanisyl form-
amimidine was then added to twenty grams of aceto acetic
ester and heated on the oil bath at 125°C. for an hour,
A product was obtained which was very soluble in benzens,
alcohol and gasoline. This product was re-crystallized
by dissolving it in alcohol, acidifying, and then pre-
cipitating with water. After & second re-crystalliza-
tion from gasoline, it was found to have a melting point
at 107°C. An anelysis for nitrogen showed:

Pound N = 5.86%
¥ = 5.50%

Theory for _.C0O0C=Hs
CHsCOC
CHNHCeH4OCHs

¥ = 5.32%
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A smaller amount of a second product was obtained from
the reaction above, which was only slightly soluble in
gasoline and which had a higher melting point than the
first, 226° - 226°C. This was probably the secondery
product.

In a second trial of this reaction, it was
found that by heating the oil bath to only about 80°C.
for one hour, very little of the secondary product was
formed, the primary reaction taking place almost com-
pletely.

A solution of five grams of hydroxyl amine
and four grams of sodium carbonate in water was then
made and added to about one hundred and fifty cubie
centimeters of aleohol in which was suspended ten grams
of the o-ethoxy anilido methylene aceto acetic ester.
The mixture was allowed to stand several days and then
the aleohol was distilled off. An o0il separated from
the mixture, and this was freed from the water by the
use of a separatory fumnel. This o0il had an odor like
pyridine. It began to distill at 224°C, with decom-
prosgition. A white orystalline solid was left in the
condenser tube, Melting point, 170%. .

Di o-phenetdyl formamidine was made in ex-

actly the same mammer as the di -o-anisyl formamidine
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and then by heating this with aceto asetic ester on
the 0il bath at 120°C. for one hour, the o-ethoxy ani-
1ido methylene aceto acetic aster was obtained and re-
crystallized from gasoline. Melting point, 1110.

Analysis:

Caloulated for C;pH;gNO4 M = 5.05%
Pound N = 4.75%
N = 4.84%

Two grams of this were then dissolved in
aleohol, and to it was added & water solution of two
grams hydroxylamine hydrochloride and two grams of
godium carbonate. On adding this solution to the
alcohol, the original aceto acetic ester derivative
separated out, but on standing this re-dissolved.
After several days, the aleohol was distilled off and
obtained as an 0il which was insoluble in water and
which had the same odor as the one obtained from the
o-anisgyl derivative. There was not enough of ift,

however, to do sny further work with.
PHENYL ISOXAZOLON

Phenyl isoxazolonl) was made by dissolving

benzoyl acetic ester in alcohol or acetic acid and add-

ing to it & solution of one mol of hydroxyl amine

1) Ber. 24. 140. Claisen and Zedel.
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hydrochlorid in water. The mixture is then heated for

thirty minutes and the phenyl isoxazolon allowed to crys-
tallize out.

CeHs C—-CIHQ . CeHs 0_?38
I

O CO OCeHs = N Co
+ HeNO H \O/

Phenyl isoxazolon

Phenyl isoxazolon may also be obtained by the action of

hydroxyl amine hydrochlorid on benzoyl aoetamia.el)

, the
reaction being the same as above except that ammonia
is split off instead of alcohol. It is & white, orys-
talline compound. Melting point 15200. From aleohol
it orystallizes in needles which seem to be very pure.
As is seen in the above structural formula,
phenyl isoxazolon has & methylene hydrogen and it has
been found that its reactions correspond very closely
with those of other compounds containing methylene hydro-
gen. In water solution it is a fairly strong scid, '
one hydrogen being replacable by & meta.lz.) The salts
of quite & number of metals have been obtained. The
alkali and alkeli earth metals form salts which are
soluble in water. The other salts are only slightly

1) Ann. 266, 334. Obrégic.
2) Ber. 24. 140. Claisen.
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soluble. Addition produsts are formed with amines.
Those with ammonia, methyl amine, ethyl amine, aniline
and mono methyl aniline have been obtained. The;/
phenyl hydrezine addition product reduces Fehlings
solution.

Estorsl) of Phenyl isoxazolon may be obtained
by the action of alkyl iodides on the silver salt of
the isoxazolon. The methyl and ethyl esters have been
obtained. With nitrous asid, phenylisoxazolon yields

2)

is0 nitroso phenyl isoxazolon

C:NOH

CeHs C

|
¥ o

With benzene diazonium chlorid a reaction similar to

that with aceto acetic ester is given. The product

being
CeHs C — C:
I | CeHs
N co
\o/

With brominos) & substitution product CgHeO=NBr is

obtained. Acetic anhydride when boiled for an hour

1) Ann. 266, 33.
2) Ber. 24. 140,
3) Ber. 39. 352, Posner.
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with phenyl isoxazolon yields an acetyl derivative of
phenyl isoxazolon. Heated with concentrated hydro-
chlorioc acid, phenyl isoxszolon breaks down with a loss

of carbon dioxide.

CeHs C —— CHe

I |
N CO + OH = CeHs — CHs

N\ ./

0 H NOH + CO=2

Since 80 many reactions of the methylene
hydrogen were obtained, it was thought that there
should also be a reaction with the formamidines., Ex-
periments were therefore carried out to make these com-

pounds and to study their properties.

c—--o——-

Phenyl isoxszolon was made by the reaction
of hydroxylamine hydrochloride on benzoyl acetic ester;
In the preparation, twenty grams of benzoyl acetic
ester were added to about one hundred and fifty cubic
centimeters of alecohol and to this was added a concen-

trated solution of ten grams of hydroxylamine hydro-

chloride in water. The mixture was heated on a water
bath and then, on standing, the phenyl iso_mzol_on orys-
talliged out as a white salt. Yield fifteen grams,
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It was re-orystellized from aloohol and had a melting
point at 15200. Analysis showed:

Caloulated for CgHpOpN N = 8.71%
Found _ _ _ _ _ N = 8.53%
N = 8.56%

ANILIDO METHYLENE PHENYL ISOXAZOLON

When equal molar quantities of phenyl isoxa-
zolon and diphenyl formamidine were heated -in an oil
bath, at 120°C., for one hour, the mixture melted and,
on cooling, solidified. This solid was dissolved in
hot alecohol and, on cooling, a yellow orysfallina com-
pound separated out. This, on being orystellized
from ethyl acetate, comes out as beautiful rhombie
orystals, melting point 145°C. The alcohol residue
from which this product was orystallized géve, after
1t had been evaporated down and treated with benzoyl
chlorid, a large amount of benzanilid. Melting point
160°¢C. The reaction was probably as follows:

CeHs clz—c He + CeHsN:CH mensﬂsns't:“——cl;cmcaas

| |
N 0 K co
\of \/

+ CeHsNHe
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Anslysis:
Caloulated for CygH;pNp0p N = 10.62%
Found N = 10.28%
N = 10.29%

Heated gently with dilute sodium hydroxide, this com-
pound breaks down and forms a white, flaky, orystalline
sodium salt which, when re-corystallized from a.loohol,
turned brown at 26900. and then melted with decomposi-
tion at 278°C. An snslysis of this salt for sodium,
using about one-tenth gram sample gave
Ne= 10.5%.

Theory for CeHsC ‘- CH:CH NHCeHs

go Na Na = 8.85%

When a solution of this salt was acidified,
if it had not been crystallized and separated from the
original solution, carbon dioxide was evolved, proving
that it was split off in the resction. The acid was

also formed and a nitrogen analysis was made of it,

D
(6‘)'
Calculated for CeHsC : NOH-CH : CHNHCeHs \
Q
¥ =11.72% X/
Found N =11.68%

An unsuccessful attempt was 8lso made to

get the same product from the anilido derivative of
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benzoyl aldehyde and hydroxyl amine.

Benzoyl aldehydel) was made by the astion of
sodium ethylate on aceto phenone and ethyl formate in
ether solution. Then the anilido preduct was obtained
on the action of aniline on the benzoyl aldehyds. Melt-
ing point 138°C.

This anilido derivative was then dissolved in
alcohol and to this solution was added hydroxylamine
and sodium carbonate in slightly more than molar quent-
itiee. After standing several days, the alcohol was
distilled off and an 0il remained. On standing, this
gave an impure s0lid, melting point 98°C., whose pro-
perties were not like those of the compound sought.

The solution gave no test for aniline.
p-ETHOXY ANILIDO METHYLENE PHENYL ISOXAZOLON

Four grams of di p-phenetdyl formamidine were
heated at 12000. for one hour with two grams of phenyl
isoxagolon and then a ;éf orystallized from alcohol.
Melting point 174°%¢. \F/W donc

Calculated for CigHyO0z8 ¥ = 9.12%
Pound N = 8.85%

1) Ber. 34, 3891.
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The residue when treated with caustic soda and benzoyl
chlorid gave benz~p-phenetid;J~

0-TOLUIDO METHYLENE PHENYL ISOXAZOLON

Equal molar quantities of di o-tolyl form-
emidine and phenyl isoxazolon were heated at 12000. on
en 0il bath. The product was orystallized out as a
yellow solid from alcohol and then from e thyl acetate.
Melting point 170°C.

Analysis:
Caloulated for CypH140s¥ N = 10.10%
Found ¥ = 10.02%

aaaaa o-—-——

It was found that the methods given in the
literature for the preparation of methyl isoxazolon
were very uncertain, but that it could be prepared from
the oxime. If the distillation of the smmonia from the

oxime, in the method of Whlenhuthl)

, was done under re-
duced pressure & better yield was obtained.
The anilido methylene derivatives of methyl

isoxolon could not be made by the asction of hydroxyl

1) Ann. 296. 46.
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amine on anilido methylene aceto acetic ester, but an
0il was gotten which was probably an isoxazole deriv-
ative.

Anilido methylene phenyl isoxazolon deriv-
atives were obtained by the action of the di-formamid-
inee on phenyl isoxazolon at temperatures above 12000.
These are broken down by either acids or bases giving
off carbon dioxide.

Work on these reactions is as yet very in-
complete and will be continued along the same lines.
A more detailed study is necessary of the breaking
down product of anilido methylene phenyl isoxazolon.
It will also be undertaken to make the anilido methyl-

ene methyl isoxazolon derivatives by other mathods.



