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Formamidines are substituted formic acids. Thus sim-
ple formamidine HC\NHQ is formic acid with the hydroxyl
group replaced by an #mido and the oxygen replaced by an
imido group. When an H from the amido and the imido group is
replaced by a radical we have a substituted formamidine. For

,hC.H

example HCY “ Y 1is diphenylformamidine.

06H5
Substituted formamidines have been synthesized in
various ways, among the most common of which are; -
1. Heating formanilide.
2. Action of phosphorous trichloride on a mixture of a form=
anilide and amine.

2., The reaction of orthoformicester on a primary amine, or-—

thoformic ester. @&nd aniline giving diphenylformamidine and

alcohol.
0C_Hy H
2 N -C Hg ,NHC _H
H C—OC_H_ + H’ =HC %5 -3 C.HOH
\ Z 5 g NNCgH- ~
O CnH vzl UBAL
2h H/ 5

4. The action of amines on the isoethers of formanihde.
5. The reaction of hydrocyanicacidsesquichloride, 2HCN 3 HC1
with a primary amine.

The last method is an interesting ons worked out by

F. B. Dains at Freiburg (Bgr 35, 2496)

When dry hydrochloric acid is passed into a dry benzene



Page 2

solution of hydrocyanic acid, a salt, hydrocyanic acid ses-
guichloride is formed.

This sesquichloride will react with two molecules of
an amine giving one molecmle of a substituted formamidine
and one moleculs of forma midine itself.

I.HN = CH ° NCHC1_* HC1 + RNH = HN : CH NH CH NR - 3 HCl
II. HN : CH NH CH;R - % HC1 + HNHR =
nH .NHR

“ HCl + HC' HCl + HC1
N\ ¥R

V2
N ym

HC

The intermediate product the resmlt of reaction I cannot
be isolated, but unites immediately with a second molecule of
the amine according to reaction II.

The above reaction was carried out thus; - Suspend the
hydrocyanicacidsesquichloride in dry benzol and add the
amine. The insoluble hydrochloride of the salt separates out.
If this is decomposed with NaOH the chief product is the
substituted formamidine.

If the hydrocyanicacidsesquichloride is treated with
aniline, diphnyl - formamidine results. Dains found the best
method to be as follows: Dissolve a 1little morethan two
molar welghts of aniline in five times its volume of dry

benzol and add one volume of the sesquichloride. The reaction

goes slowly in the cold but will be completed in an hour on
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the water bath. The hydrochloride is insoluble in benzol but
soluble in water. The addition of NaOH gives free diphenyl-
formamidine. li. P. 14%°. The hydrochloride melts at 193°.

If it is necessary to isolate the free amidine, the
benzol can be distilled off and the hydrochloride broken up
with NaOH; or if this is not practicable the NaOH can be
added directly, the benzol may be distilled off with steam,
and the amidine filtered off dried and recrystallized from
benzol.

Some syntheses of formamidines by the above method
(Ber 35, 7498)

Yiix two molecules of mnitroanline three of pyridine
and one of hydrocyamcacidsesquichloride and warm in benzol.
Di - ® - nitrophenylformambkdine can be isolated which melts
at 135°.

O - nitroaniline treated in a similar way gave little
of the formamidine and p - nitroaniline none at all.

“hen two molecules of p - chloramniline and one of the
sesquichloride are warmed in benzol solution, di-p-chlor-

phanylformidine, ClCgH,NHCH:C H,Cl is formed which crystalli-

4 64
zes In white needles melting at 1790.
0 - toluidine gives a good yield of di-o-tolylform-

amidine M. P. 151°.

The p-tolindine also gave a good yield of di-p-iol-
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yformamidine.

Molscular quanities of m—-xylidine and the sesquichlorids
react easily and smoothly in benzol solution. Fine white
needles of di-m-xylformamidine result M.P. 131°
(CHz JC H, NH CH CH,(CH_ ), nitro-m-xylidine contains too
nany negative groups to react.

Pseudocunidine reacts very easily at the temperature
of the water bath giving a 96 per cent yield. It is easily
soluble in hot benzol from which it crystallizes in fine
white needles. L.P. 160°. It is almost insoluble in hot HC1
but forms a hydrochloride when dry HC1l is led into it in
benzol solution. ¥.P. %60°. Difficultly soluble in water.

A-naphthalamine forms a hydrochloride. MP. 208°. Vhen
treated with NaOH it gives di-a-naphthylformamidine.

B-naphthalamine yilelds from benzol solution fine white
needles of B-naphthylformamidine. K. P. 186°.

The same amidine can be made by heating one mole of
orthoformicester and one mole of B-naphthylamine for two
hours on a water bath. Yield good. p-aminophenol does not
react, the OH group preventing the action.

P-anisidine gives di-p—anisylformamidine. This also can
be readily made from p-anisidine and orthoformicestsr. O~

anisidine and p-phenetidin act in the same way.
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O-phienyldiamine gives an 80 per cent yield of benzin-

midazol,

CeH, CH . uP. 170°
AN

With benzidine no formanidine derivative can be isolated
only benzidine hydrochloride resulting.

Thus primary amines in general react with hydrocyanic-
sosquichloride or dichlormethylformamidine giving formami-
dine derivatives.

With chlorine derivatives, secondary and tertiary
amines and bodles containing negativs groups this reaction
does not follow.

General reactions of substituted formamidines.

(Ber %5, 2496)
¢NR
The substituted formamidines of the type HC are

N\ NHR
much less stable and more reactive than the analogous

,¢NR

N
NHR
is already replaced in the latter there is no easy pointof

amidines of the type RC since the H in the CH group

attact. The first type goes very easily to an amine and a
formanilide derivative.
R NH CH : NR + H O = RNH CHO + RNH

~  _NR

Formamidines of the type HC:: » which are the ones
NHR,

under consideration in this paper, are capable of several reacti

tions.
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1. Form acid salts, hydrochlorides and sometimes
acetates etc.

2. Form picrates.

Form chloroplatinates.

4. React with compounds containing methylene
hydrogen.

This is by far the most important reaction of the
substituted formamidines. They are espscially reactive
toward these compounds such as acetoaceticester,
malonicester, cyanaceticester, acetylacetone etc.

At about 110 - 150° they react with such bodies in
the following way, a primary amine heing split o?f.
R-NH-CH : NR ¢ ch/z = R-NH CH:O

AS

Y

The ethioxy methylene compound unites with the
amine forming the aminomethylene compound XY *CH:NHR.

Tf the methylene compound also contains a
carbethoxy group, a secondary reaction may occur.
The primary amine which is first split off reacting with
the carbethony group and producing alcohol.

X

C + H N R = ROH-RNH-CH:C_
COOR CONHR

R°* NH* CH

.

By this reaction one can easily make
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aminomethylene derivatives of acetoaceticester,
acetylacetone, benzoylacetone etc.(Ber 35, 2496).

This rsaction apparently occurs only when the
group H C is present. Thus the reaction with a
formamidine and malonicester goes smoothly at 1500
while under similar conditions the reaction occurs
neither between acetdiphenylamidine and malonic ester or
diphenylformamidine and ethylmolonicester. It may be that
the malonic ester first adds to the double bonding
and then a molecule qf amine splits off.
RNHCHNR + Ii» CXY = RMI\CH'CHXY = R-NH-CH:XY + RNHo
Troube and EyggH( Ber 21, 3178 - 1898) observed
a similar reaction. They found that under the influence
of sodium ethylate on carbodiamid? a body of the
following type was formed.
R+ NH CocCH3

- ¢cu?

RNZ \ coor

The aminomethylene derivatives of the general
form R N H. CH: CXY which can be made by this reaction
have been in part described by Claissen § fnn.d. Chemn.
297, 83 - 68) and Walther and Schickler ( Jour. Fur
Prac. Chem. (2) 55 - 339 ). Freviously they had been
obtained a condensation of the compound containing

methylene hydrogen with orthoformicester.
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XY+ CEn +# ( Co H5 O )o CH:0. CoHs = XY.C: CE.CCpHs -2CoHEg0
The ethoxymethplense compound unites with the
amine forming the aminomethylene compound,
XY. CH : NHR.
A history of the systhesis of compounds formed
by the action of formumidines on compounds containing
methylene hydrogen.
1. Reactions of acstoaceticestsr. ( Dains Ber.
75, 2498 ).
(a) Diphenylformamidine and acetoacetlcester
rive the anilid of amilidomethylineacetoaceticester.
C0. C Hm
CgHs-N H .CH NG 0. NH. Cfie
RILE
Tre rcaction deces net go very smoothly since many
terry products are formed.
1 mole of diphenylformamidine and 1 1/2 mbles of
acetoaceticeater are hecated for 1 1/2 hours at 1500.
If heated too long, many terry nroducts aro formed
which lower the yield. “hen cold it is rubbad with
cold alcohol and recrystzllized from alcohol or acetic
acid. Yield usually £C to 40%. M.P.156. A portion of

the compound is soluble in cold alcohol and when

recrystallized from ligroin melts at 45 - 480. It is the
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anilide of oxymethylenegcetoaceticoster.
Celige N H - CI : G s
goec

Claissen alnso made thiec rroduct from
ethoxymethyleneacetcacetecester and aniline. ( Ann. d.
Chem. 2C7, 77)

These rosults show that the reaction goss in two
steps, firct a free anine is formed which reacts
with the estoer group in the anilido group and splits
cff alcohol.

This same compound con be made in another way with
a fally good yield. Heat molecular quantities of
diphenylformamidine and acetanilide for three hours at
150 deprees. "hen crystuallized from alcohol, the anilide
melts at 156 ( Rer. 35 2898).

D - tolyl derivative .
CHq‘CRH4ﬂH-CH:C(CO-CH3)Cﬂ-NHCgH4-CH7

Heat 1 1/¢ hours at 1FC degrees. The nortion
dAificultly soluble in aleohol crystallizes in needles.
X.P. 172. From the alcohol mother liquor tolnidomethylene-

acelcaceticester can be crystallized from ligroin I.P.71.

P~ tolylderivatives.
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C Hr*CeH4*NII-CH:C( CO.CH=) CONH.CrH,4CHz

It is made as above. The needles from acetic
acid relt at 170.

A sirmilar xylyl derivoetive tehts at 18RO,
( Gatterman Doctors Thesis Freiburg 1903).

(b) Di-m-nitroxylylformamidine and

acectoaceticester.

This formunifine was made by heating two moles

of nitroxylidine and one mole of orthoformic ester.

HC—O0 CrHE # H “NC,
CoHg  H - CgHp™C Hx
T C Hx
\ N Coh
C Hr
/ .
N - CpHo™=C Hz
4 “N 05
HC + 3 CoHgO H

N H - CgHo~C H=z
N On

It is very difficultly soluble in alcohol.
Soluble in pyridine and may bte thrown by aleohol.
Soluble in acetone, chloroform, ard tenzene. LT 12€.

Heat cquivalent cuantities of formamidine and
acetoaceticester sceveral hourn at 180 degroes.

Recrystallize the product several times from pyridine
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rreceipitating it with alcohol. It forms bright brown
needles, scluble in benzene, difficultly scluble in

cetone, chloroform and xylol, =ord in solu¥le in
alrohol.l.DP. 281°.
C Hn
co
I C Hz

C - CH~NBH CaHasC Hn
} N Oo

CONECgHo—C E
N O

0 N R

This is mono-m-nitroxylidid c¢f m-nitro- xylidome-
thyleneaeitoaceticester .

(c) Dinitrotelylformamidirne and acetoacetic
ester.

Dinitrotolyformamidine was nmade by Gaugler
( Docotrs the#ils 190Z) by the condensation of o-nitro-
p~tolnidine and orthoformine cster.

Two moles of o-nitrotolyidine and one of
orthoformicester are heated in a flaslr with a reflux
condenser. It 1s® resrystallized from pyridine. Forns
fire yellow needles. Soluble in hot acetone and
toluene, very easily soluble in hot nitrobenzene, and

very difficultly soluble in ether, ligroin, and benzol.
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204. With rure nmaterials the yield is almost
cuantitative. T
The nitrotoluide of o-nitro-p-tlLoluidomethyleneace-

toaceticoester.

C H~

|

c O

|

Cc = C He N H CgH=z (N Oo) C H=
[

C 0+ N H CgHz (N 0n) C Hz

is made thus.

M¥olecular quantities of dinitrotolylformamidine and
acetoaceticester are heated at 2000 for a short time.
The produzt is dissolved in pyridine and thrown down with
alcohol. Smrall yellow srystalls. Solutle in hot pyridine
and nitrobhenzene, less solutle irn chloroform, anrd
difficultly soluble in alcohol, acetone, benzene,
toluene, ligroin, and ether, wven when hot. 1/ .P.28RO0,

(d) Li-p-bromdiphkenylforramidine and

acetoaceticester. ( Dains and Rrown J. Am. Chem. Soc.
z1, 10.)

The di-p~bromidiphenylformamidine was obtained by
heating p-bromaniline and orthoformic ester at 10CO,
The p-bromanilidomethyleneacstoaceto-p-brom anilide

is made by heating the product from the above reaction
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with ~cetoaceticester at 1250. The compound contains
p-bromaniline and is soluble in hot alcochol and acetic acid.
It crystallizes ir white needles. M. P. 190°.

5. They aldgc made the anilidomethyleneacetoaceto-
p-bromanilile by heating diphenylformainedine and
acetoaceto-p-tromanilide at 12F0. It forms slightly
yellowish crystalls from alcohol which melt at 158b.

(e) Db~ YW -curylformamidine and acetoaceticester
when heated at 125° give, pscudocumidene and the
\#/— curidorethyleneacetoaceto-curnidide which forms
white crystalls from acetic acid melting at 1830°.
(f) Ethyl- Y cumidorethyleneacetoacetate is
made in the same way. It forms white clumps very
soluble in alcohol. M. P. 9€°.
(¢) Do-c-anisylformaridine and acetoaceticester.

This formamidine was made by Ruggeberg ( Thesis,
Freiburg 19n4) by heating the amine and orthoformic e=ter
in a sealed tube ay 1€00. It was more easli¥y prepared
by Dains and Brown who made it by heating the components
in an ailbath at 1400 and crystsllized the product from a
mixture of bhenzene snd ligroin. It melts at 105°. ( Jour.

Am. Chem. Soc. Z1, 1148).
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This amidine and acetoaceticester react at 1800
and rrcduce ethyl-o-methoxyanilidcmethyleneacetoacetate,
forming needlesshapped crystalls from alcchol melting
at 112°.

(h) In a similar wgy methylene-di-phenetidine
and acetoacetic ester yield p ethoxyanilidomethyleneacotoa:
ceto-p-ethoxyanilide, fine yellow crystalls.

(1) Do- -naphthylformamidine and acetoaceti-
cester.

- narhthylformamidine was made by Dains and
Brown by heating molecular quantities of 4 -naththyl
amine several hcurs on the water bath.

This forramidine heated with acetoacetic aster
gave two produsts. The firet corngioting of fine yellow
n~edles difficultly soluble in hot alcohol and melting
at 167 - 89, proved to be & -naphthalidomethyleneaceto-
aceto- ~-naphthalide.

v The second was ethyl-& - napththalidomethyleneace-
toacetate. Soluble in alcohol and mcderately soluble 1n
ligroin. ¥. D. 92°.

(i) From ueo—& -napkthylformamidine and
acetoaceticester was ohtained @ - naphthalidomethylenea-

cetoaceto- @ - naphthalide, forming lipht yellow granules
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fromw glacial acetic acid and melting at 1640.
Tre second produect was Fthyl- naphthalidomethyl-
enearcetoncetate, which formed white clumns from ligroin.
Very scluble in alcohol,l. P. 95°. ( Jour. A=. Chen.

Coc. 81, 1148.)

2, Reactions of formamidire with Malonic ecter.
(a) Formamidines with malonic ester react in
this way at 150°©. ( Dains Ber. 13, 2496).

I- K NH* CENR+HoC(COOR )o =

R NE- CH :C(COOR )~# RN Ho

CCOR
II- R NH- CH : C, + RN Ho M=
CCOR
COOR
R« NH. CH : C + ROH
CCNHR

Tre intermediate product, aminomethylenemalonicester,
has not teen isolated since it reactis at once with the
free amine formed, according to reacticn II.

(a) “hen diphenylformamidine and malonicester
are heated three hours in a bomb tuBle a condensation
product which can be crystallized from alcchol or acetic
acid is forred. M. P. 118°,

This is the moncanilide of anilidomethylenemaloni-

center.
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-.C 0 0 Co Hpg
Ca Eg+ N He C H: C
C O N H- Cglsy

The same product has been made by the action of aniline
and dicarboxyghitaconicester and its derivatives.
( Am. d. Crem. 123; 133, 144, ard 147. Ruheman and
liorrell.)

It has alsc been formed by the saponification of
(7 - anilidoethyl- dicarbonic acid.

(b) o- tolylforramidine and malonic ester.

This action goes in the same w2y and yields,
o-toluide of o-tolumhdomethylenemalonicethylester.
Ce H4 (C Hz)* NH- CH : C ( CCn+CoHg)-CONH*CgE4 C Hz

It crystallizes from alcohol and acetic acid. Insolud
ble in cold alcohol, diffigultly soluble in hot alcohol,
and easily so luble in hot acetic acid. Yield good. 1. D.
141°. Ber. 85, 2496.

m-xylyl derivatives.
CgBzC HaN H+C H:C(COnCoHg) CONCgHs5(C Hz)g

Soluble in alcohol and glacial acetic acid. Fine
white needles M. D. 140°.

Pseudccunryl derivative.

CeHo (€ Hz)o N H*CH:C(COnCoHg)CO-NHCgHo (CHz o
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P=chor phenyl derivative
CrH4CL* NH- CH- C(COEH?SCONH‘ CeHaCl
dt requires three hou-s heating at 150°, Difficultly so-
luble in hot alcohol and cold acetic acid and more
easily soluble in hot acetic acid. ¥. P. 176°.
(c) Dinitrotolylfcrmamidine arnd malonic ester.
( Gaurler Docbérs dissertation 1903 Freibure).
Molecular quantities of the formamidine and
halonic ester werc heated two to three hours on air
ail bath at 180° in a flask with a reflux condenser.
It was dlmssclved in pyridine and precipitated with a
little alcohol. Yellow needles dissolved in ligroin
except when hot and soluble in other common orgahic
solvents _.are produced.
Tris reaction goes in the customary way a molecule
of prirary amine being split off which reacts with the

carbethoxy group giving an anilide and alcohpl.

) C Hrm, B =
C Ho + ;CG Lz N = C

' N Og \N H Cg Hz (N 0o)C H=

C 0 0 C» Hs

C O 0 Cgo Hs

1

C - CHNEHCg Hz (N Oo) C Hz ===
)

C

00CHs + HNEHCg Hz (K On) C H=z
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C 0 0 Co Hs
C =CHNHCgHz (N Og) C Hzx + Co Eg O H
CONHCgHz (N 05) C He

This mononitrotoluide of a-uitpo-p-toluidomethy-—
lenemalomnicester was found to pgive two addition
products with bromine, one with three moles, K.P. 1070,
and one with seven roles M. P. 120°.

All attempts to saponify such bodies failed. Instead
of pettirg the free acid as would be exrected, both
molecules of nitrotoluid,/ ne were split off.

(d) Do-m-nitronylformamidine and malonic ester.
Gatterman ( dissertation Freiburg 1904).

Heat equivalent quantitioes of the formamidine and
mhalonic ester in an o0il bath at 1909 for three hours.
Dissolve the nroduct in pyridine and throw down with
alcchol. Tt forms hri%ht yellow crystalls, soluble in
chloroform, xylyl, and pyridine, guite soluble in acetone
and benzene and diffigultly soluble in alcohol. M. P. 2280,

The resction goes in this way:



CC O CoHg

C He

/ <

N Cg HoZC Hz
\N 0,

AN

H \\ C E=z
S

N H CgHo—C Ez

NN Og

C O 0 C» Hsy

_C Hx

C =CH-=-NECg HiC Hz + CgHo
l

NN Og

C OO0 Co Hg

N Ho
/.0 B

\C Hz
N O
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Then the m-nitroxylidine thus formed reacts with

the carbethoxy group of the substituted malonicester

giving alcohol and a xylidid.

BHz

/
H N H CgHo-C H=

C 0O C Cno H5

} /,C Hz

C=CH-DNECGCgLhs—" Hgz +
“Ng¢ HB

C 00O Cn Be

C 0 0 Co Hy

——

~C H=

\N 05

Op
,C H=

C O N H Ca Ho-C Hz
\N Oan
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(e) Dé~ &~ naphthylformamidine and malonic ester
( Dains and Brown J. Am. Chem. Sthc, %1, 1149.

Feat molecular quantities on an oil bath for
ceveral hours at 150°. The &~ = naphhalide ef
ethyl-d4 - naphthalidmetliyleneralonate wash the product
with cold alcohol and recrystallize from benzol and
rlacial acetic acid. Yellow needles soluble in theusual
solvents. M. P. 162.

The monobrom derivatives of this nroduct was
formed by dissolving it in chloroform and adding one
molecule of Bromine. N. P. 2279

(f) Dik~p-naphthylformamidine and malonic
ester. ( J. Am. Jhem. Soc. 71, 1148).

They react easily at 1500 giving the (3 - naphthalide
of ethyl- narhhalidorethylenemalonate. It is only
8lightly soluble in hot alcohol, but crystallizes from
acetic acid in fihe yellow needles whichmelt at
172°. ( J. Am. Chem. Soc. 31, 11&8).

The fact that malonanilide and dé—(3-naphthy1-
formamidine combine with the formation of @ - naphthalido-
methylenemalonanilide C10 H7 KHCH: C(CONHPh)2 is an
evidente of the reactivity of methylene hydrogen. Light

yellow crystalls L. . 289.
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(g) Do~m-tolylformamidine and maloniz ester.
( J. Am. Chem. Soc. 31, 1148).

This reaction produces light yellow crystalls of
the m-toluide of ethyl-m-toluidemethylenemalonate.

(h) Methylene-o-phenetidine and malonic ester.
( Ihid)

This amidine is made by hecating o=phenetidine and
orthofcrmicester on an o0il bath at 1400 and purifying
from ligroin. White needles, M. P. 81°.

This amidine reacts with malonio ester at 130°
and forms o-sthoxyamlide of eth¥l-o-éthoxyanilidomethy-
lénemalonate. It separate in white needles melting at

1700,

Z., Reactions of suhstituted formamidires with
cyanacetic ester.

Inthis reacticn the anilidomethylene compound
of the ester is formed. There is usually no action of
the amine which is formed, on the carbethoxy group. However,
if hipghly heated this action may occur.

(2) Ciphenylformamidine and cyanacetic ester

( Dains BRer 35, 2496).
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Eeat five grans of diphenylformamidine and three
gram 8 cyanacetic ester one and one half hours at
150°. A pood yield follows without the formation of
tarry products as sometimes occurs. M. P. 106-107.

Tre product is anilidomethylenecyanaceticester.

Ce Hs*N K CH : C ( CN) C CqCoHs

Bollemont also made this compound from ethoxymethyleneace-
ticester and aniline ( Ckem. Centr. Bl. 1001, I, 374).

If this compound is dimsolved in acetic acid and
treated wadth bhromrine, then poured into water and remrystal~
lized fror alcchol, a compound melting at 148C which
is either the monobrom deriviative or the H Br addition
produot/not the dibrom derivative as would be expected,
is produced.

P-tolyderivative.(Rer. 35, 2498)
C Hz+Cglig"N H C H :C: CCCN) C OnCoHg

Formed by heating for two hours at 150. ¥M. P. 137.
Yield quantitative. Soluble in alcohol and acetic acid.

The o-1clyl compound melts at 137-89 and the
peeudocumylderivative at 195°.

4. Reactions of formamidines and benzoylacetone.

(a) O-nitrctolysformamidine and benzoylacetone.

( Gemrler Dissertation 190% Freiburg.)
[
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Hoat molecular gquantities in an oil bath at
180- 190° for three or four hours. Vhen rubbed, and
cocled in ice a solid forms. Many side reactions occur
which hinder crystallizations It must be rubbed with a
little alecohol filtered and recrystallized from alcohol
when it melts between 1120 and 125°. After several
crystallizations it forms good crystalls which melt
sharply at 137°. It is insoluble in ether and ligroin,
and soluble in the other common organic solvents.
5. Formamidines and benzoylaceticester.
(a) P-tolylformamidine and henzoylaceticester.
( Gau~ler, Dissertation 1903)
Heat molecular quantities in a flask fitted with a
return condenser for five or six hours on an o0il
bath at 2000 till melted, then at 165 - 175° for the
remainder of the time. Recrystallized from henzene and a
1ittle alcchol. Forms canary yellow tables Y. P. 2050,
The nitrotolmtdof c-nitro-p-toluideomethylenebsen-

zoylaceticester is the product.
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co

!

C-8HNHCeg Hz (N 00) C H=z

CONEHCg Hg (N 0o) C Hxz

(b) De-menit-cxylformamidine and benzoylacetic
ester ( Gatterman Bissertation 1904).

Heat molecular quantities at the melting point
several™ hours. Digssolve the product in pyridine and
precipitate with alcohol. Forms yellowish white
matted needles. Very soluble in pyridine and chloroform.
Di ficultly soluble in alcohol, acetone, benzol, and ligroin.
Almca3$ insoluble in ether.

The préduct is mono-m-nitroxylidide of m=nitroxyl-

idomethylenebenzoy¥aceticester.

Ce Hs
!
c O
1 _CH
C=CHNH06H2——CH3
H \NOh
l C Hg
CONH CG H2 C H3

N 02

(c) Diphenylformamidine and benzoylaceticester

( Ruggeberyg Dissertatiog, Freiburg 1904)
Yhen heated at 1500 the anilide of anilidomethylene-

benzoylaceticester is formed. Gray leaflets melting at
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164°.

(d) O-tolytformamidine and the ester. When
heated at 140° for five hours, the o-toluide of
o-toluidomethyleneaceticester is formed. Silky crystalls
melting at 177° are produced.

CO*C+ CO. NHCgH4CH
Il H
C
N CgHaC Hg

(e) P tolylformamidine and benzoylacetic ester

give crystalls melting at 208°, from acetic acid.

Cg H- C O *C «C O :NH +Cg Hy C Hgz
Il B

NN H Cgq Hyq+ C Ez
( Jour. Am. Chem. Soc. 31, 1148).

(f) Di-o-anisylformamidine and the ester,
heated five hours at 150° give yellow needles from
acetic acid melting at 199°.

CeH5°CO°ﬁoCO-NHC6H4-OCH3

C
™ NHCgH,4-CCHz

6. Formamidines and acetylacetone.
(a) Li-m-nitroxylformamidinex and
acetylacetone. ( Gatterman Dissertation 1904 Freiburg).
Heat molar weights at 1900, and crystallize from

alcohol. Brownish needles easily soluble in alcohol,
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chloroform, and benzene; difficultyy soluble in ether.

It melts at 1&0°.

Thr product is m-nitroxylidomethyleneacetylacetone.

CH

| 3

C 0

| _CH=z
C = CH - NHCgHo—CH=z
| \NO,
CO

s

CH3

(b) Diphenylformamidine and acetylacetone
( Dains Ber 35, 2496).
Heoat molecular weights for six hours at 145° and
an oily product is produced which crystallizes into a
yellow mass when rutbed with HCl. Crystallizes from
alcchol in yellow needles. It is p-toluidomethylensacetone.
CHz *CgH4NHCH:C(COCHg )5
(¢c) M-xylidomethyleneacetylacetone is
formed under similar conditions with xylidene. It is
identified by means od its benzoyl derivative which melts
et 0%°. It crystallizes from alcohol in long hairlike

meodles. .. D. 1480. Soluble in the common organie solvents.

(CH,)g.C-H,.NH, CH;C(CO.CHz)g
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(d) o-tolnidomethyleneacetylacetone formed
from o-tolylformaridine and acetyl acetone. White needles
melt at 124° . Crystalls from ligroin. ( Bains and
Brown. J. Am. Chem. Soc. 31, 1148).

(e) m= tolnidomethyleneacetylacetone, white
needles. Very soluble in alcohol. Melts at 75°.

(f) o- phenetidylmethyleneacetylacetone.
Colorless needles from ligroin. Melts at 115-6°.

(£) &~ - naphthylidomethyleneacetylacetone.
Bright yellow needles from alcohol, meltipg at 1440.

(h) £ - naphthylidomethyleneacetylacetone.
Brownish needles melt at 144°.

7. Formamidines and pyrazolones. ( Dains and
Brown J. Am. Chem. Soc. 31, 1148).

The pyrazolones are ring compounds formed by the
action of phenylhydrazine on acetoacetic ester and
benzoylacetic ester. They are tautameric compounds in one
phase of which is a methylene hydrogen grouping.

VMethylphenylpyrazolone reacts easily and smoothlg

in the following way:
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GH
No=gl °
J CH, + RN : CHNRH
Ph N Co
N = C. CHn

! > ¢ - ommHR + RNH,,

’rh N =-— CG

Yielding aminomethylenepyrazolones, which ccntain
n chromophoric group and are strongly colored red or
yellow compounds.

Evidence of the above reaction being correct is
furnished by the fact that a secondary product, methyl=-bis-

methylphenylpyrazolone, according to this reaction.

N =C - CHg
| _ OH. + RN: CHNHR hm==—=
Ph N - €O
Me
N=2¢C l
c — H
| N v1: 44 |+ 2RNH
Ph B - COH CO — NPh

This is the first instance in which both RNH and
the RN: group of the substituted formamidines have been
replaced in reacting with methylene hydrogen and shows the
relation between orthoformic ester and the formamidines.

(a) Methylphenylpytazolone and diphuryfor-

mamidine.
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Heat at 130- 50° . Two products are formed which
can bhe separated by fractional crystallization from
alcohol and acetic acid. The more scluble compound is
1 phenyl-%-methyl-4-amlidomethylene - 5- pyrazolone.
Bright yellow crystalls melting at 154°. Soluble in concen-
trated supphuric acid.

The second product of prange red needles, dif“icult-
ly soluble in alcohol and ether and melting at 180° is
methyl-bis-methylphenylpyrazolone.

The latter may result from the direct interaction of
two molecules of the pyrazolone and one of the formasmidine
or may be formed by a secondary reaction bebtwwen
methylphenylpyrazolone and the aminomethylene
derivative. It may be made in quantitative yield by
heating methylphenylpyrazolone and - naphodomethylene-
phenylpyrazolone at 150°.

(b) Methylphenylpyrazolone and di-f -napthyl-
formamidine.

Under like conditions methenyl-bis-methylphgnylpy=-
razolone and 1-phenyl-3methy1-4-ﬁ-naphthalidomethylene-s—
pyrazolore. Yellowish brown needles melting at 151°.

The corresponding d¢--naphtalidomethylenemethyphenyl-

pyrazolone is deep yellow crystalls which melt at 1220,
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(c) Other pyrazolones.

1- phenyl-&-methyl-4-p-toluidobrom-amlidomethylense-
S-pyrazolone. Yellow needles from alcohol melting at 1679

1-phenyl-3methyl-4-Y -cumidomethylene-5-pyrazolone.
Yellow needles from alcohol melting at 171°.

l1-phenyl-Z*-methyl-4-p-ethoxyaniliodomethylene-5-py-
razolone.

Diphenylpyrazolone and di-o-tolylformamidine gave
1,Z% diphenyl-4-0~-toluidomethylene-5pyrazolone. Yellow
needles from acetic acid whichmelt at 1469

Diaphenylpyrazolone and di—fg—naphthylformamidine
give I,B—diphebyl—lg—ﬁ ~ naphthylidomethylene-5-pyrazolone.

8. Formamidines and acetonedicarbonicester.

( Rurreburg Dissertation 1904 Freiburg)

Heat molecular guantities of the constituents
for several hours on an oil bath at 160° until
it bepins to boil, and rub the cooled mixture well with
alcohol. Uron long stending on ice a solid product separa-
tes out part of which is soluble in alcohol and part of
vhich is not.

If two molecules of the amine and one of the ester
were used and the heating continued for five hours the

rreater part of the product was the compound which was
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soluble in alcchol. However, when the heating was
continued for five hours longer, the product insoluble in
alcohol predominated.

Trhe compound soluble in aleohol was recrystallized
from acetic acid, from which it separated in rosette
formed needles, which melted at 106° to0112°.

"hen this product was dissolved in alcohol and allowdd
to stand in the ice chest for a consideranle time,
yellow needles melting atl113° were formed.

The compound which was insoluble in alcohol was
disgolved in acetic acid and brought out of solution by
the addition of water. It formed rhombic crystalls melting
at 249°.

The rroduct which melted at 1170 proved to be:

C 0 NI Cg Hs
C=2¢

} *N H Cgq Hs
co

|

C Ho

|

C 00 Cq Hg

and the compound melting at 249° to be :

C 0* N H Cg Hs
C = CH

/
q Q,C. N H CerHS
C 0N H Cg Hg
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Experimental Vork

The condensation of p-aminodimethylaniline and
orthoformic aster.

P-arminodimethylaniline when pure is clear oily
liquid. It rapidly darkens upon standing due to the
formation of tarry products. It was prepared by two
methods. First by making nitrosodimethylaniline
hydrochloride from dimethyanilire, hydrochloric acid, and
sodium nitrite accerding to Uhlman Practical Crganic
Chemistry, page 121. Thenreducing this with stannous
chloride and hydrochloric acid. Second by reducing
methylo—ange with Stannous chloride and hydrochloric acid.

Heat two moles of p-aminodomethylaniline and one
mbéle of orthofecrmic ester in a flask fitted with a
return conderser on an oil hath at 125° for about two
hours. When allowed to cool and to stand several hours a
product solidifies in hexagonal tablets. It was recrystalli-
zed several times from benzol. It melts at 157°.

If heated too long on the oil bath, side products
are formed and it crystallizes very slowly, when allowed
to stand several days, an impure solid forms which
car be purified ty dissolving fn hot benzene, letting

it partially evapornte and themr causing it to pretipitate
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by adding gasoline. It is soluble in benzene and alcohol.
Imstuble in water and ether. Soluble in acids.

The product is da-p-dimethylaminodiphenylformamidine

The reaction goes in the following manner.

0 Colig . N C HAN(C Hz)
H Cé(\ CoHgy + 2 64 @2 ==
0 CerH5 o N H CgHgll(C Hy)o

N GgHN(C H»)n
HCr '

- +
NN H CeHaN(C H-),

-
S

3 CoHr OH

This amino compound is especially reactive and has
theeefore o tendancy to go easily to tarry products
making it necessary to carry on the condensation very

carefully and making the producte rather difficult to

rurify.
wt. weirhing bottle 1¢,8651 grams

" " " and sutatance 10.6264 "

Wt. Formamidine .2390 "
Titration
7"Fee = amount of n/10 Na.CH taken
Burgtte readings

nel NaOH
28.4 cc. tor 22.5
7¢.9 cec. bottom o 24.8

.8 cc Amt. used 2.3
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- 7.3 - 8 = 73,2 cc = amount of n/10 hydrochloric
acid neutralized.
Z7.2 x .0014 x 100 = 19.4%% nitrogen

2700
7
Calculated for CypHeoNs , 19. % nitrogen.

Tre Eydrochloride

The formamidine was dissolved in dry benzol and dry
hydrochloric acid gas passed through it. Almost immediately
a bright yellow precipitate was formed. Upon running the
ra8 a short time lohser the yellow precipitate changed
over tc a white flocculent procipitate. Tach precipitate
was prepared dried and titratsd with n/10 NaOH using
methyloranmo as an indicator. The hydrochloride first
formed, the yollow GOmpound,is rather difficultly
soluble in water even whon hot, but as alkali is slowly
added the bnse is set free and mors of the hydrochloride
eons into solution so that it can all be titrated.
Howewver, the ond point is rather difficult to find.
1t was found to contain two moles of hydrochloric acid.

The secon? hydrochloride the white compound was
fpamdl to contain three mbles of hydrochloric acid,
when titrated wiili n/10 sodium hydroxide.

Analysis of the first compound formed.
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¥ H Cs Hy N(C H-)
7 oHC1
T Ca Hg NIC Ez),

c 17 Hf)4 “4 Clo

"oirht woirhting holtle 10.7966 grams
" " " and sundtancs 10.5900 "
Welrht hydroshloride 2066 "
Tétration

11.4 ce. of n/17 MaOK used to neutralize the acid.

.0N3RS = oo —ser 19 5C¢ &

ns54

11.4

o M

Caloculated °n.14 HC1

Analysin of the second hydrochloride

“elrht of weightine bottle 8.8134 gramme
" " " "  and substance 8.4707 "
" " hydrochloride 3427 "
Titration

Burette Readings

ncr NaOH
Top 7. 12.2
Bottom 38.8

Nifferrnce .8 26.6
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Maogry Por T ;e 0O .
LI00Xry or tiree mole ipagiuivhitn
v B vk . A lM

-
-

N H Cp H, N(C II)n
: BHCL

-

1 Ca Hy 1(C Hr)n
Tre producticn of two ruch Aifferent hydrochloridss
3 1 rathor intorerting reaction. In fact however, thers
i a chanco for the formation of three hydrochlorides with
this formamidine.
The Picrate

Diasolve moleculnar quantities of the di-p-dimethyl-
anilidoformanmidine in hot alcohol separately. Add the
hot gsolution. A reddish hrown precipitate formed imme-
diantely. Filter it off and recrystallize from hot acetone
in which it i3 rather difficultly soluble. It melts at
n1nG, It ia insnluble in alcchol, benzol and gasoline.
An analyvsis for nitrogen by a modified kjeldahl

method (Lunpe Technicnl methods of analysis page 508)

“oigrt of wolrhing bottle 12.1950 grams.
" " " " and picrate 12.0472 "

" picrafe .1 478 "
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Titration
57 ze. of /1N HC1 was used

Burette Readings

H Cl NaOH
Top Zo.1 14.00 ¢c
Rottom 3y.2 43.0 cc
Acld uned .1 29.0 cec
F0. - .1 - 29.0 _x .0014 x 100 = daede=? 2 0,
. 1478 o
Calnulated 19.1¥ 4

Formula Cax Hag On iln

H Ca Iln n(c Hg)d
31 QQN Gt (G ) Ca Ho OH(N Cn)=

alig BV Hzio

A1l attlemmts Lo nalve Lhe platinum salt failed. I
tried to make 1t by adding nlatimum chloride to a
vinter anlution of the di-p-dimethylanilifioformanidine
and evaporeting it on a water bath and the platinum
wa3 rcduced.

The same rosult followed when the solution was
nllowed to evaporate spontaneously.

Then the atiempt ®as made to get the platinum salt

by dissolving the formamidine in hot alcohol and

alding platinic chloride. A yellowish precipitate
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foru~1 lmmoﬂlntely,whioh turned red then darlk brown. It
wis filtoered irmmeliately und drisu, hut the dried mass
darkerned and it was found that the platinum had been
reluced.

Di-p=dimethylaminodiphenylformamidine and malonic
ouster.

olecular quantitlios of the substances were heated
in a flas» flited with a return condenser, at 125° for
sovoral hours on an oil bath. After stan@ling two days
a crys*alline product soparatel out. This was boiled up
with rasolino and filtered off to remove any oily mater-
inls, and then nurified by recrystallization from hot
gasoline. It melts at 1420. Tt is soluble in benzene,
£1720line, alcohol and acids. Insolutle in ether.

The per cent of nitrogen was determined by the
17Jeldahl method.

The nroduct formed ie the anilide of gd~p-dimethy-
anilineanlidomethylens,malonic e~ter.

The reactlion pjoes thus.

o O Co Hy
.. . -NHCgHy N(C H=)o
°f B Y SN CaHaN(C Ez)s ===

Ca™ Q)

>

C O O Colig
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= N H CH Cq g H(C iiz)ot Hell Cq H, N(CH=),

Q—C—-

O

O Cn
Then the molecule of primary amine split of
reacts with a carbothody group forming an anilide and

splitting off alcohol.

C O C Cn Hy

|

C=N11CUVW Ca Hy N(CHz)Hs ====

C 0 G Cs ilg + H NH Cg Hy N(C Hz),

Analysio ﬂlﬁ nitrogen

Om Na 03N+
sol-rt woiphing fhttle 1%.2445 grams
" " " ahd subs‘ance 13.2127 "
" substance *0"18 "
Titraticn

of %/10 H C1 used.
Bu:rette Readings

Ii Cl NaQOH
39.% c¢C 22,2 c¢ccC
140.4 cc 49.7 ccC

1.1 c¢r 27.5 cc
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0 nitrogen

Calelatod = aplee n

D! p- dimethylaminodiphenylformamidine and
cyana~olic ostor.

Feat molecular quantities of the componmmmts in a
flaosk fitted with a roflux alr condenser, in an oil
bath at 125° for an hour. Upon standing a short time,
a crystalline product separated out. This was purified
by several recrystallizations from gasoline. It is
anluble with 4Aifficulty in gasoline. Soluble in benzene
ar.2 aldohol. From gasoline ii{ forms yellowish white
ne~lle liko eryctalfs which melt at 322°. 13

The prodpct is p-dimethylamino-anilidomethylene-

oyanaretidethyl ester.

s I

C14H 170N 3 >

The reaction ~oes thus:
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C:ClINUCAI T (CV w1, - NHaCel4N(CH~
CI:(\", Cal'x

The fr-o amine thgs produczd dil not unite with
the c:rbethoxy group to form alcohol, and this seems to

be tho urual rcacstion fcr a formamidine and cyanacetic

~ylor.
A nitrogen determination gave the followlng results:
“glyht of welirhing bottle 11.2701 grams
" " and subatancze 10.9931
Suhstance «2770

Titration
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- 0. X .0014 x 100 = 1%.69 % nitrogen
77
Caleulatod - it

Di -p-dimothylaminodphenylformamidine and
acetoaneticestor.

"olacyular quartiti-s of the conatituents were heated
for an hour in a flask fittel with a return condenser on
an o!1 bhath at 10280,

The dark brown liquid was treated with acetic acid
nnd then neutralized with dilute NaOH. Upon standing a
duy or two a yellowish compound separated out. This
was found to consislof two compounds, one soluble in
rasoline and the othsr very difficulyly soluble in
rasoline.

The soluble rroluct was rocrystallized from
~ann~line and a nitroren detormination made on it. It
melted at @X .

inalysis

Wairht of weirring bottle 11.2732 grams .
" " " ®* and suhstan~e 11.1074 "
" " substance «1658
Titration

3%, ¢co of N/10 HC1l wns usged.
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Burette Readings

HC1 NaOH
Top 40,9 cc 33.2 cc
Rotton 41.8 cc 49.7 cc
Difference .7 ¢ ¢ 16.5 cc
17.0 cc
_26.7 oo
- #87 cc

-~ .- .7 x .0014 x 100 = 8.8§% nitrogen
- . 1858

Calculated for CHzCO
~ St nitrogen.
C=CHNHCgHAN (CHz ) o
COOCoHg  p-dimethyl anino-anilidomethylene

acetoacetocethyl ester.
The reaction evidently went in the following way.

CH~CO

| /NHCQH{}N(CHs)O

CH~ ¢+EC

¥ NCgH4N (CEx)

COGCnHES§

]

C— CHNHCgH,N(CE.), + NHoCgH4N(CHz)g

COOC»Es
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The othar ~roduct was not yet sufficiently purified
for analysis . Tt melted beiween—B06l—and—2250. |
The frre amine probably reacted with the carboxyl
sroup thus:
CH _CO
é= CHNHCgHAN (CH= ) _ RS
COOCnHS + NHoCgH N(CHZ)o
N
C- CHNHCRH4N(CH3)2 + ColgOH

COKRHC B N (CH= )

This product would be p-di-methylamino-anilide of

p-dimethylaminoanilidomethylene acetoaceticester.



