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Pormainidines are substituted formic acids * Thus aim-
pie formamidine HC is formic acid with the hydroxyl 

nNH 0 
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 v/e have a substituted formamidine. For 

,nC H 
example HC' ' is diphenylformamidine. 

V n H C6 H5 
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. 
?># The reaction of orthoformicester on a primary amine, or-
thoformic ester. And aniline giving diphenylformamidine and 
alcohol. 

00 H- IIN 
/ 2 ° /NHC H 

H C—OG H + H 7 = HC fi 6 - 3 CnH OH 
\ 2 6 H ^NC6H - 5 
0CoII 2 5 jj/ 6 5 

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

The last method is an interesting one worked out by 
F. B. Dains at Freiburg (Bfr 35, 2496) 

When dry hydrochloric acid is passed into a dry benzene 
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solution of hydrocyanic acid, a salt,hydrocyanic acid ses-
quichloride is formed. 

This sesquichloride will react with two molecules of 
an amine giving one molecmle of a substituted formamidine 
and one molecule of forma m idine itself. 
I.HN : CH # NCHC1 # HC1 4 R1TH = HN : CH NH CH NR - 3 HC1 o •c. 
II. HN : CH NH CHNR - 3 HC1 + HNHR = 

znH .NHR 
HC ̂  ° HC1 + HC HC1 ¥ HC1 

^ NH ^ NR 
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 beet 
method to be as follows: Dissolve a little morethan two 
molar weights 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. M. P. 143°. The hydrochloride melt3 at 193°. 

If it is necessary to isolate the free amidine, the 
benzol can bo distilled off and the hydrochloride broken up 
with HaOH; or if this is not practicable the NaOH can be 
added directly, the benzol may bo distilled off with steam, 
and the amidine filtered off dried and recry3tallized from 
benzol. 

Some syntheses of formamidines by the above method 
(Ber 35, H496) 

Mix two molecules of mnitroanline three of pyridine 
and one of hydrocyamcacidsosquichloride and warm in benzol. 
Di - 3 - nitrophenylformamibdine can be isolated which melts 
at 135°. 

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

Y/hen two yiolecules of p - chloraniline and one of the 
sesquichloride are warmed in benzol solution, di-p-chlor-
phanylformidine, ClCgK^NHCH:CgH4Cl is formed which crystalli-
zes in white needles melting at 179°, 

0 - toluidine gives a good yield of di~o~tolylform~ 
amidine M. P. 151°. 

The p-tolindin© also gave a good yield of di-p-Lol-
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yformamidine. 
Ilolecular quanities of m-xylidine and the sesquichloride 

roact easily and smoothly in benzol solution. Pine white 
needles of di-m-xylformamidine result M.P. 131° 
(OHj,jCeH? NH CH CH^ (CH^ )p nitro-m-xylidine contains too 
many negative groups to react. 

Pseudocuraidine 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. LI.P. 160°. It is almost insoluble in hot HC1 
but forms a hydrochloride when dry HC1 is led into it in 
benzol solution. Li.P. 360°. Difficultly soluble in water. 

A-naphthalamine forms a hydrochloride. MP. 228°. When 
treated with NaOH it gives di-a-naphthylformamidine• 

B-naphthalamine yields from benzol solution fine white 
needles of B-naphthylformamidine. M. P. 186°. 

The same amidine can be made by heating one mole of 
orthoformicester and one mole of B-naphthy1amine 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-anlsidine and orthoformicester. 0~ 
anisidine and p-phenetidin act in the same way. 
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0~phenyldiamine gives an 80 per cent yield of benzin-
raidazol, 

NH 
/ \ CaU. CH . MP. 170° 6 y 

N 
With benzidine no forrnanidine derivative can be isolated 

only benzidine hydrochloride resulting. 
Thus primary amines in general react with hydrocyanic-

sesquichloride or dichlormethyIformamidine giving formami-
dine derivatives. 

With chlorine derivatives, secondary and tertiary 
amines and bodies containing negative groups thin reaction 
does not follow. 

General reactions of substituted formamidines. 
(Ber 35, 2496) 

^NR 
The substituted formamidines of the type HC are XNHR 

much less stable and more reactive than the analogous 
y NR 

amidineo of the type RC { since the H in the CH group 
XNHR 

is already replaced in the latter there is no easy pointof 
attact. The first type goes very easily to an amine and a 
formanilide derivative. 
R NH CH : NR + H O = RNH CHO + RNH ̂ ^NR Pormamidines of the type HC , which are the ones 

x NHR, 
under consideration in this paper, are capable of several react 

tions. 



Page "6 

1« Form acid salt3, 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 especially 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 being split off. 

X X 
R.N H-C H : N R + H2c'Y = R- N H- C H : C i Y 

The ethoxy methylene compound unites with the 
amine forming the aminomethylene compound XY#CH:NHR. 

If 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 X 
R- H H- C H : c' + H N R = ROH-RNH•CK:C^ 

GOOR CONHR 

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

This reaction apparently occurs only when the 
group H C is present. Thus the reaction with a 
fonnamidine and malonicester goes smoothly at 150O 
while under similar conditions the reaction occurs 
neither between acetdiphenylamidine and malonic ester or 
diphenyIformamidine and ethylmolonicester. It may be that 
the malonic ester first adds to the double bonding 
and then a molecule of amine sjblits off. 

r k i i n 
RNHCHNR * Ho OXY = CH-CHXY = R*NH-CH:XT + RNH? 

RNH 
Troube and Eyme ( Ber 31, 3178 - 1898) observed 

a similar reaction. They found that under the influence 
of sodium ethylate on carbodia^idh/ a body of the 
following type was formed. 
R - NH ~C 0 C H 3 

J^C- CH ̂  
R N ^ 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 % Ann.d. Chem. 

297, 3 3 - 6 8 ) and Walthpr and Schickler ( Jour. Fur 
Prac. Chem. (2) 55 - 339 ). Previously they had been 
obtained a condensation of the compound containing 
methylene hydrogen with orthoformicester. 
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X Y - CKo + ( Co H5 0 ) o CK-O- C0H5 = X Y - C : CH-OCgHs ~ 2 C j ^ i 6 0 

The ethoxymethylene compound unites with the 
amine forming the aminomethylene compound, 
X Y - CH : NHR. 

A history of the systhesis of compounds formed 
by the action of formamidines on compounds containing 
methylene hydrogen. 

1. Reactions of acetoaceticester• ( DainB Ber-
35, 2496 ). 

(a) DiphenyIformamidine and acetoaceticester 

tfive the anilid of amilidomethylineacetoaceticester. 
CO • C H* 

C 6 H 5 . N H *CH 

N C 0 - NH- C0H5 

The reaction docs not go very smoothly since many 
torry products are formed. 

1 mole of diphenylformamidine and 1 l/2 miles of 
acetoaceticester are heated for 1 l/2 hours at 1500. 
If heated too long, many terry products aro formed 
which lower the yield. Y/hen cold It is rubbed with 
cold alcohol and recrystallized from alcohol or acetic 
acid. Yield usually 20 to 40%. M.P.156* A portion of 
the compound is soluble in cold alcohol and when 
recrystallized from ligroin melts at 45 - 46°. It Is the 



Pag© 9 

anilide of oxymethyleneacetoaceticoster. 
COII5 

CfjHjv N H • CII : C 
Ns G e 

Claissen also made this product from 
ethoxymethyleneacetoacetecester and aniline. ( Ann. d. 
Chem. 2C7, Z7) 

These results show that the reaction goes in two 
stopsy first a free anine is formed which reacts 
with the ester group in the anilido group and splits 
off alcohol. 

This same compound can he made in another way with 
a faily good yield. Heat molecular quantities of 
diphenyIformamidine and acetanilid© for three hours at 
150 degrees. When crystallized from alcohol, the anilide 
melts at 156 ( Per. 35 2«96). 

D - tolyl derivative . 
CHr? * C6H4iIH. CH: C (CO • CH? )CO -NHC6H4 - CH7 

Heat 1 l/2 hours at 150 degrees. The portion 
dificultly soluble in alcohol crystallizes in needles. 
I.:.P. 172. Prom the alcohol mother liquor tolnidomethylene-
acetcacet ices tor can be crystallized from ligroin I! .P.71. 

P- tolylderivative*. 
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C U7 4 GpH4 • Till • CH: C ( CO-CH*) CONH .Orf^OHs 
It in made as above. The needles from acetic 

acid melt at 170. 
A similar xylyl derivative iheibts at 18^°. 

( Gattorman Doctors Thesis Freiburg 1903). 
(b) Di-m-nitroxylylformimidine and 

acetoaceticester. 
This formanifline was made by heating two moles 

of nitroxylidine and one mole of orthoformic eoter. 
/ 0 C0H5 HN - CgHp-CH^3 

II C ™ 0 CoHF t H xNCo 
CoHp H - C 6Hp^C H ^ 

\ C H3 
N C 0 

yC H3 
N - C PHo-C H 3 

// Oo 
H C + 3 CoHpO K 

\ N H - C6Kp-C H-* 
MI Oo 

It is very difficultly soluble in alcohol. 
Soluble in pyridine and may bo thrown hy alcohol. 
Eolublo in acetone, chloroform, and benzene. LIP 126. 

Heat equivalent quantities of formamidine and 
acetoaceticester several hours at 180 degrees. 
Recrystallize the product several times from pyridine 
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precipi t,atin£ it with alcohol. It forms bright "brown 
needles, soluble in benzene, difficultly soluble in 
acetone, chloroform and xylol, ard in soluble in 
alcohol .T'.P. 261°. 

C Hrr 
I 

C 0 
I /C H 3 
C - C K - N H C 6 H ~ - C H,, 

^ N O o 
I ^c Hs 
C O K E CgHo - C E 3 

^ N Og 

This 1b mcno-m-nitroxy 1 iciici of m-nitro- xylidome-
thyleneaeito&cetioester . 

(c) Dinitrotolylformamidine arid acetcacetic 
ester. 

Dinitrotolyformamidine was made "by Gaugler 
( Bocotrs theiis 1903) by the condensation of o-nitro-
p-tolnidlne and orthoformine ester. 

Two moles of o-nitrotoluidine and one of 
orthoformicester are heated in a flash v/ith a reflux 
condenser. It 10 reerystallized from pyridine. Forms 
fine yellow needles. Soluble In hot acetone and 
toluene, very easily sellable in hot nitrobenzene, and 
very difficultly soluble in ether, ligroin, and benzol. 
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£04. With •pure materials the yield is almost 
quantitative• T 

The nitrotoluide of o-nitro-p-loluidomethyleneace-
toaceticoster. 

C Ht. 
I 
C 0 
I 
C = C H• N H CfiĤ  (N Op) C H* 
I 
C 0- II H C6H3 (N Op) c H3 

Is made thus. 
Molecular quantities of dinitrotolylformamidine and 

acetoaceticester are heated at 200° for a short time. 
The product is dissolved in pyridine and thrown down with 
alcohol. Small yellow srystalls. Soluble in hot pyridine 
and nitrobenzene, less soluble in chloroform, and 
difficultly soluble in alcohol, acetone, benzene, 
toluene, ligroin, and ether, tven when hot. L:.P.25B0# 

(d) Ei-p-bromdiphenyIformamidine and 
acetoaceticester. ( Dains and Brown J. Am. Chem. Soc. 
31, 10.) 

The di-p-bromftdiphenylformamidine was obtained by 
heating p-bromaniline and orthoformic ester at 1000. 
The p~bromanilidomethyleneacetoaceto~p-brom anilide 
is made by heating the product from the above reaction 
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with acetoaceticester at 125°. The compound contains 
p-bromanlline and is soluble in hot alcohol and acetic acid. 
It crystallizes in white needles. M. P. 190°. 

5. They also made the anilidomethyleneacetoaceto-
p-hromsniliie by heating diphen^lformainedine and 
acetoaceto-p-bromanilide at 1250 # It forms slightly 
yellowish crystalis from alcohol which melt at 158&. 

(e) Dib~ y -cumylformamidine and acetoaceticester 
when heated at 125° give, pseudocumidene and the 
S^ - cumidomethyleneacetoaceto-curiidide which forms 
white crystalls from acetic acid melting at 183°. 

(f) Ethyl- Y cumidomethyleneacetoacetate is 
made In the same way. It forms white clumps very 
soluble in alcohol. 1*1. P. 98°. 

(fr} Dcfc-o-anlsylformamidine and acetoaceticester. 
This formamidine was made by Ruggeberg ( Thesis, 

Freiburg 1904) by heating the amine and orthoformic e^ter 
In a sealed tube ay 160°. It was more easily prepared 
by Dains and Brown who made it by heating the components 
in an ailbath at 140° and crystallized the product from a 
mixture of benzene and ligroin. It melts at 105°. ( Jour. 
Am. Chem. Soc. 31, 1148). 
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This amidine and acetoaceticester react at 150° 

and produce ethyl-o-methoxyanilidomethylexieacetoacetate, 
forming needlesshapped cryotalls from alcohol melting 
at 112°. 

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

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

- naphthylformamidine was made by Dains and 
Brown by heating molecular quantities of ^-naththyl 
amine several hours on the rater bath. 

This forrnmidine heated with acetoacetic aster 
*rave two products. The first cons luting of fine yellow 
needles difficultly soluble in hot alcohol and melting 
at 167 - 8°, proved to be -naphth&lidomethyleneaceto-
aceto- -naphthalide. 

y The second was ethyl-<£ - n&pththalidomethyleneace-
toacetate. Soluble in alcohol and moderately soluble in 
ligroin. M. P. 92°. 

(3) From -naphthy If ormamidine and 
acetoaceticester was obtained p - naphthal i dome thy I enea-
cetoaceto- (9 - naphthalide, forming light yellow granules 
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from glacial acetic acid and melting at 184°. 

The second product was E t h y l - n a p h thai i dome thy 1-
eneacetoacetate, which formed v/hite clumps from ligroin. 
Vnry scluhle in alcohol, L!. P. 95°. ( Jour. A-. Chem. 
Hoc. SI, 1148.) 

2, Reactions of formamidine with Malonic ester. 
(a) Formamidines with malonic ester react in 

this way at 150°. ( Dains Ber. 13, 2496). 
» 

I- R N H * C K N R + Hp C ( C 0 0 R ) o = 

R- N H- G H : C ( C 0 0 R )o +• R N Hg 
C 0 0 R 

II- E N H- C H : C f R N H 2 8= 
C 0 0 R 

C 0 0 R 
R- N H. 0 H : C f R 0 H 

%C C N H R 
The intermediate product, aminomethyleneralonicester, 

has not heen isolated Bince it reacts at once with the 
free amine formed, according to reaction II. 

(a) '.'/hen diphenyl£ormamidine and malonicester 
are heated three hours in a "bomb tuBe a condensation 
product which can he crystallized from alcohol or acetic 
acid is fnrred. M. P. l i e 0 . 

Thi3 is the monoanilide of anilidomethylenemaloni-

center. 
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.0 0 0 Co H 5 

CA II5• N H- C H: C " * 
C 0 K H• CfiHe 

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

It has also been formed by the saponification of 
ft - anilidoethyl-dicarbonic acid. 

(b) o- tolylformamidine and malonic ester. 
This action goes in the same w?y and yields, 

o-toluide of o-tolxxAdomethylenemalonicethylester. 
Cp H4 (C Hj?) • N H- C H : C ( CO0.C0H5) •C0HH*C^E4 C H 3 

It crystallizes from alcohol and acetic acid. Insoluft 
blc in cold alcohol, difficultly soluble In hot alcohol, 
nnd easily so luble in hot acetic acid. Yield good. LT. P. 
141°. Ber. 35, 2496. 

rn-xylyl derivatives. 
CpB^C H?JI H#C H;C(C02C2H5) COHCgHsCC H 3) 2 

Soluble in alcohol and glacial acetic acid. Pine 
white needles M. P. 140°. 

Pseudccumy1 derivative. 
CpHo(<£ H S ) o N H-CH:C(C0 2 C 2 H5)C0-NHC6Ho (CH 3 ) 2 
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P-chor phenyl derivative 
On 

C*iI4CL- NH- CH- C(C02H5^C0NH- CpHACl 

it requires three hou-s heating at 1-50°. Difficultly so-
luble in hot alcohol and cold acetic acid and more 
easily soluble in hot acetic acid. L'. F. 176°. 

(c) Dinitrotolylfcrmamidine and malonic ester. 
( G-augler Docixbrs dissertation 1903 Freiburg). 

M*. 

Molecular quantities of the formamidine and 
ii&lonic ester wero heated two to three hours on air 
ail hath at 160° in a flask with a reflux condenser. 
It was dissolved in pyridine and precipitated with a 
little alcohol. Yellow needles dissolved in ligroin 
except when hot and soluble in other corrmon organic 
solvents are produced. 

This reaction goes in the customary way a molecule 
of primary amine being split off which reacts with the 
carbethoxy group giving an anilide and alcohol. 
C 0 0 Co K5 
J C H 7 / E = 
C H o t ; c c I I 3 N = C 
I ' N 0 2 * VN H C 6 H 3 (N OO) C H -
C 0 0 Co Hp 
C 0 0 C 2 Hp 
I 
C - C H N H Cg H3 (N Op) C H 3 = 
) 

0 0 0 Cr Bs + H N H C 6 H 3 (N O o ) C H? 
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C 0 0 Co H 5 

C = C II N H C6 H3 (N O s l C H ^ f Co K 5 0 K 
C 0 N H C6 H 3 (N 0 2) C H 3 

This mononitrotoluide of a-nittfo-p-toluidomethy-
lenemalonicester was found to give two addition 
products with bromine, one with three moles, M.P. 107°, 
and one with seven moles M. P. 120°. 

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

(d) Do-m-nitronyl£ormamidine and malonic ester. 
Gatterman ( dissertation Freiburg 190-1). 

Heat equivalent quantities of the formamidine and 
flialonic ester in an oil bath at 190° for three hours. 
Dissolve the nroduct in pyridine and throw down with 

* 

alcohol. Tt forms bright yellow crystalls, soluble in 
chloroform, xy ly \ and pyridine, quite soluble in acetone 
and benzene and difficultly soluble In alcohol. M.P. 225°. 
The reaction goes in this way: 
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C C 0 Co Hp 

^ C H 3 
N C 6 Ho - C H 3 

8 ^ Oo 
Cx f H C ===== 

H \ . 0 K 3 

N H CeHP-C H3 
X N °2 

C 0 0 Co Hs 

N Hp 
/ C Hp; / , G K 3 

C = C H - fl H C 6 H o - C H 3 f CpHo 
, NN 0 2 V C H 3 

N Op 
C 0 0 Co Hp 

Then the m-nitroxylidine thus formed reacts vyith 
the carbethoxy group of the substituted malonicester 
giving alcohol and a xylidid. 
C 0 0 Co h 5 / / C H3 
C = C H - H H C6 Ho— r H 3 + 

" \ c h 3 

C 0 0 Co He 

/ S H 3 

K N H CgHp-C H 3 
VN 0 2 

C 0 0 Cp Hp 

I / C H^ 
C = 0 H - B H c6 H g - C H 3 t c „ H 5 0 H 

" X N Op 
/ C H 3 

C 0 K H Cfi Hp-C H 3 
NN Oo 
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(e) D<t>~ naphthylformamidine and malonic ester 

( Dains and Bro#n J. Am. Chem. S&c, 31, 1149. 
Heat molecular quantities on an oil hath for 

several hours at 150°. The ~ naphhalide of 
ethyl-ck- naphthalidmethylenemalonate wash the product 
with cold alcohol and recrystallize from "benzol and 
glacial acetic acid- Yellow needles soluble in theusual 
solvents. M. P. 162. 

The monobrom derivatives of this product was 
formed by dissolving it in chloroform and adding one 
molecule of Bromine. M. P. 227? 

(f) -naphthylformamidine and malonic 
ester. ( J. Am. 0hem. Soc. 31, 1148). 

They react easily at 150° giving the (S> - naphthalide 
of ethyl-naphhalidomethylenemalonate. It is only 
slightly soluble in hot alcohol, but crystallizes from 
acetic acid in fihe yellow needles whichmelt at 
172°. ( J. Am. Chem. Soc. 31, 1158). 

» 

The fact tha* malommilide and dp- (3 -naphthyl-
formnmidine combine with the formation of (3 - naphthalido-
methy1enemalonani1ide CIO H7 NHCH: C(CCNHPh)2 is an 
evifiente of the reactivity of methylene hydrogen. Light 
yellow cryetails LI. P. 289. 
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(g) Do-ra-tolylformamidine and maloni® ester. 

( J. Am. Chem. Soc. 31, 1148). 
This reaction produces light yellow crystalls of 

the m-toluide of ethyl~m~toluidomethylenemalonate. 
(h) Methylene-o-phenetidine and malonic ester. 

( IMd) 
This amidine is made hy heating o~phenetidine and 

orthoformicester on an oil bath at 140° and purifying 
from IIgroin. White needles, M. P. 81°. 

This amidine reacts with malonio ester at 130° 
and forms o-ethoxyamlicle of etĥ rl-c-fe thoxy anil idome thy-
linemalonate. It separate in white needles melting at 
l^O0. 

3. Reactions of substituted formamidines with 

cyanacctic ester. 
Inthis reaction the ani1idomethy1one compound 

of the ester is formed. There is usually no action of 
the amine which is formed, on the carbethoxy group, However, 
if highly heated this action may occur. 

(a) EiphenyIformamidine and cyanacetic ester 

( Dains Per 35, 2496). 
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Heat five grains of diphenylformamidine and three 

gram s eyanacetic ester one and one half hours at 
150°. A good yield follows without the formation of 
tarry products as sometimes occurs. M. P. 106-107. 
The product Is anilidomethylenecyanaceticester. 
Cp H5*N K C H : C ( ON) C 02C2H5 

Bollemont also made this compound from ethoxymethyleneace-
ticester and aniline ( Chem. Centr. B1. 1001. I, 574). 

If this compound is dissolved in acetic acid and 
treated with "bromine, then poured Into water and re&rystal-
lized from alcohol, a compound melting at 148° which 
is either the monobrom derivitive or the H Br addition 
product^ not the dibrom derivative as would be expected, 
is produced. 

P-tolyderivative.(Ber. 35, 2496) 
C H3*C6H4*N H C H :C: OCCN) C 0oCoH5 

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

The o-tolyl compound melts at 137-8° and the 
pseudocumylderivative at 195°. 

4. Reactions of formamidines and benzoylacetone. 
(a) 0-nitrc tolyjsformamidine and benzoylacetone. 

( Gaudier Dissertation 1903 Freiburg.) 
u 
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Heat molecular quantities in an oil bath at 

180- 190° for three or four hours. V/hen rubbed, and 
coolod in Ice a solid forms. Many side reactions occur 
which Mnder crystallization* It must be rubbed v/ith a 
little alcohol filtered and recrystallized from alcohol 
when it melts between 112° 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-to]ylformamidine and benzoylaceticester. 

( Gaurler, Dissertation 1903) 
Heat molecular quantities in a flask fitted with a 

return condenser for five or six hours on an oil 
bath at 200° till melted, then at 165 - 175° for the 
remainder of the time. Recrystallized from benzene and a 
little alcohol. Forms canary yellow tables M. P. 205°. 

The nitrotolm&dof c-nitro-p-toluideomethyleneben-

zoylaceticester is the product. 
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C 0 
I 
C ~ 0 H N H Cp H3 (K O o ) C H3 

C O N E C6 H 5 (H 0 2) C H3 
(b) De~m*mt^oxy If ormamidine and benzoylaoetic 

ester ( Gatterman Bissertation 1904). 
Heat molecular quantities at the melting point 

several^ hours. Dissolve 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 ligroim. 
Almosji insoluble In ether. 

The product is mono-m-nitroxylidide of m-nitroxyl-
idomethylenebenzoyjaceticester. 

Cfi H 5 
1 
c 0 
I ^ o H 3 
C = 0 H N H C6 H 2 — C H 3 
, ' ^ H On 

' c H 3 C 0 N H C6 H 2 C E 3 

N Og 
(c) Diphenylformamidine and benzoylaceticester 

( Rupgeberp Dissertation, Freiburg 1904) 

7/hen heated at 150° the anilide of anilidometliylene-

benzoylaceticeBter iB 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-toluidomethyleneacetioester is formed. Silky crystalls 
melting at 1 8 7 ° are produced. 

C O - C . CO. NHCf;H4CH3 
II H 
C 

N CgH4C % 

(e) P tolylformamidine and benzoylacetic ester 
give crystalls melting at 208°, from acetic acid. 

C 6 Hjs C 0 -C -C 0 -N H - C 6 H 4 C H 3 

II y H 
Ml H c6 h 4 . c h 3 

( Jour. Am. Chem. Soc. 31, 1146). 
(f) Di-o-anisylformamidine and the ester, 

heated five hours at 150° give yellow needles from 
acetic acid melting at 199°. 

C e H 5 ' C 0 ' C * C 0 ' N H C 6 H 4 . 0 C H 3 
II 
C 

K N H C P H 4 - C C H 3 

6. Formairn dines and acetylacetone. 
(a) Ei-m-nitroxylformamidines: and 

acetylacetone. ( Gatterman Dissertation 1904 Freiburg). 
Heat molar weights at 190°, and crystallize from 

alcohol. Brownish needles easily soluble in alcohol, 
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chloroform, and benzene; difficultly soluble in ether. 
It melts at 140°. 

Thr product is m-nitroxylidomethyleneacetylacetone. 
0 H„ 
1 7 
C 0 
I /CH3 
C = CH - NHC6Ho-CH3 
| ' \H0o 
CO 
I 
CH, <5 

(b) Diphenylformamidine and acetylacetone 
( Dains Ber 35, 2496). 

Koat molecular weights for six hours at 145° and 
an oily product is produced which crystallizes into a 
yellow mans when rubbed with HC1. Crystallizes from 
alcohol in yellow needles. It is p-to3uidomethyleneacetone. 

CH3•C6H4NHCH:C(C0CH3)g 

(c) M-xylidomethyleneacetylacetone is 
formed under oimilar conditions with xylidene. It is 
identified by means od its benzoyl derivative which melts 
at 93°. It crystallizes from alcohol in long hairlike 
meodles. P. 146°. Soluble in the common organi® solvents. 

(CH,)o.C_H^.NH.CH:C(C0.CH3)2 
• J ' N I J 
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(d) o-tolnidomethyleneacetylacetone formed 

from o~tolylformamidine 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°* 

(g)^ - naphthylidomethyleneacetylacetone. 
Bright yellow needles from alcohol, melting at 1440. 

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

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

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

Methylphenylpyrazolone reacts easily and smoothly 

in the following way: 
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y 0 H 3 

N = C y 6 

) N Clip + RN : CHNRH 
Ph N CO 

N = C- CH^ 
I C - CEJTHR + RNH9 Ph N — CO * 

Yielding aminomethylenepyrazolon.ee, which contain 
a 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 - CH3 

I / CH c+ RII: CHNHR Mt==== 
Ph N - CO 

Me 
N = C I Q . JJ 
I 0 - CH( ' + 2RNH 

Ph B - GOH CO — NPh 

This is the first instance in which both RNH and 
the RN: group of the substituted fonnamidines 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 "be separated by fractional crystallization from 
alcohol and acetic acid. The more soluble compound is 
1 phenyl-3-methyl-4-amlidomethylene - 5- pyrazolone. 
Bright yellow crystalls melting at 154°. Soluble in concen-
trated sulphuric acid. 

The second product of orange red needles, difficult-
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 formamidine 
or may be formed by a secondary reaction betwwen 
methylphenylpyrazolone and the aminomethylene 
derivative. It may be made in quantitative yield by 
heating methylphenylpyrazolone and - naphodomethylene-
phenylpyrazolone at 150°. 

(b) Methylphenylpyrazolone and di~/3 -napthy1-

formamidine. 
Under like conditions metheny1-bis-methy1phenylpy-

razolone and l-phenyl-3methyl-4- P- naphthalidomethylene-5-
pyrazolone. Yellowish brown needles melting at 151°* 

The corresponding ^-naphtalidomethylenemethyphenyl-
pyrazolone is deep yellow crystalis which melt at 122°. 
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(c) Other pyrazolones• 

1- ph8nyl-8-methyl-4-p-toluidobrom-amlidoic©thylen©-
5-pyrazolone. Yellow needles from alcohol melting at 167? 

l-phenyl-3methyl-4-Y -cumidom©thylene~5~pyrazolone. 
Yellow needles from alcohol melting at 171°. 

l-phenyl-7-methyl-4-p-etho*yaniliodomethylene-5-py-
razolone• 

Diphenylpyrazolcne and di-o^tolylformamidine gave 
1,3 diphenyl-4~0~toluidomethylene-5pyrazolone. Yellow 
needles from acetic acid whichmelt at 1469 

Diphenylpyrazolone and di-p-naphthylformamidine 
give l,3~diphebyl-4-£ - naphthylidomethylene-5-pyrazolone• 

8. Pormamidines and acetonedicarbonicester• 
( Rugreburg Dissertation 1904 Freiburg) 
Heat molecular quantities of the constituents 

for several hours on an oil bath at 160° until 
it begins to boil, and rub the cooled mixture well with 
alcohol. Upon long standing on ice a solid product separa-
tes out part of which is soluble in alcohol and part of 
which is not. 

If two molecules of the amine and one of the ester 
were used and the heating continued for five hours the 
greater part of the product was the compound which was 
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soluble In alcohol. However, when the heating was 
continued for five hours longer, the product insoluble in 
alcohol predominated. 

The compound soluble in alcohol was recrystallized 
from acetic acid, from which it separated in rosette 
formed needles, which melted at 106° toll2°. 

TThen this product was dissolved in alcohol and allowed 
to stand in the ice chest for a consideranle time, 
yellow nee&les melting atll3° were formed. 

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

The product which melted at 113° proved to be: 

C O N K Cp H 5 
I / H C = C 
I H C 6 H 5 

C 0 I 
C Ho 
I ' 
C 0 0 Co H = 

(ZJ L J 

and the compound melting at 249° to be : 

C O * N H C 6 H 5 

C = CH 
d 0 1 

1 C. N H 0PH5 

C 0 8 H Cp Hp 
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Experimental Work 

The condensation of p-aminodimethylaniline and 
orthoformic aster. 

P-aminodimethylaniline when pure is clear oiily 
liquid. It rapidly darkens upon standing due to the 
formation of tarry products. It was prepared by two 
methods. First hy making nitrosodimethylaniline 
hydrochloride from dimethyaniline, hydrochloric acid, and 
sodium nitrite according to Uhlman Practical Organic 
Chemistry, page 181. Ther? reducing 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 
mile of orthoformic ester in a flask fitted with a 
return condenser on an oil bath 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 
can be purified by dissolving in hot benzene, letting 
It partially evaporate and themr causing it to prefcipitate 
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"by adding gasoline. It is soluble in benzene and alcohol. 

Ineamble in water and ether. Soluble in acids. 
The product is di-p-dimethylaminodiphenylfomarnidine 
The reaction goes in the following manner. 

y 0 CoHR HO N C«H/|N(C H-*)0 H C^-0 C0K5 4- b ' = = 
x o C0K5 H K H C6H4N(C H3)o 

K G6H4N(C H-)o 
H C - + 3 CpH^ OH 

x N H C«H/H(C H- )0 * ' r * > jO 

This amino compound is especially reactive and has 
therefore a tendancy to go easily to tarry products 
making it necessary to carry on the condensation very 
carefully and making the products rather difficult to 
purify. 
v;t. weighing hot tie 10,8651 grams 
" » w and suhttance 10.6264 11 

Wt. Formarnidine -2390 " 
Titration 

7P cc = amount of n/lO Ha.OH taken 
Burette readings 

jtqx NaOH 
30.4 cc. top 22*5 
38.9 cc. "bottom * 2 4 , 8 

#5 cc Amt. used 2 m 3 
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- T.3 - 5 = 33«2 cc = amount of n/10 hydrochloric 

acid neutralized. 

33.2 x .0014 x 100 = 19.43^ nitrogen 
2390 

V7 
Calculated for Ci7HooN4 , 1 9 . f i nitrogen. 

The Hydrochloride 
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 
ra0 a *hort time lohger the yellow precipitate changed 
ovar to a ,/h.Ite flocculent precipitate. Each precipitate 
was prepared dried and titrated with n/10 NaOE using 
nethyloranr,o as an indicator. The hydrochloride first 
formed, the yellow compound;is rather difficultly 
soluble in water even whon hot, but as alkali is slowly 
added the base Is se+ free and more of the hydrochloride 
*?ocs into solution so that it can all be titrated. 
However, the end point Is rather difficult to find. 
It was found to contain two moles of hydrochloric acid. 

The seconi hydrochloride.the white compound was 
foomdJ to contain three miles of hydrochloric acid, 
when titrated with n/lO sodium hydroxide. 

Analysis of the first compound formed. 
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z N K C* N (C H t ) 

0 OHCI 
N C« II4 II'C K3)o 

G ] 7 H04 N 4 CI? 
'"airht vroifhtinp hot,tie 

n " n and nundtmce 
Weirht hydrochloride 

Titration 
11.4 cc. of n/lO I'aOH used to neutralize the acid. 

11.4 x^on?*? = 00 Iter ' 9. S C CJL 
. 205*5 

10."7966 grams 
10.5900 " 

.2066 n 

Calculated 20.14 HC1 

Analyain of the second hydrochloride 
".'ein-ht of weighting bottle 8.8134 grams 

" " " n and substance 0.4707 n 

" " hydrochloride .3427 w 

Titration 
Jtfĵii !f/lo Hfla wnfi ,:nfifi . 

Burette Readings 
H CT 

Top 3^. 
Bottom 

Difference °.6 

ITaOH 
12.2 
38.8 
26.6 

? 
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Theory "for three noles ifr-tA. 

. K H C(, H^ IT CC II-)o 
n c; mcL 

x i: c* H 4 N(C H 7 ) o 

The production of two such different hydrochlorides 
<3 i rather intorenting reaction. Tn fact however, there 
is a chanco for the formation of three hydrochlorides with 
thin formamidine. 

Tie Picrate 
Dissolve molecular quantities of the di-p-dlmethyl-

anilidoformamidine in hot alcohol separately. Add the 
hot solution. A reddish brown precipitate formed imme-
diately. Filter It off and recrystallize from hot acetone 
in which it is rather difficultly soluble. It melts at 
run0. It in Insoluble in alcohol, benzol and gasoline. 

An analysis for nitrogen by a modified kjeldahl 
method (Lunge Technical methods of analysis page 508) 
height of woighlng bottle 12.1950 grams, 

tt n n tt and picrate 12.0472 " 
" picrate .1 478 * 
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Ti tration 

50 co. of n/lO KCl w«a used 

Burette Readings 
H CI NaOH 

Top 3°.1 14.00 oo 
Bof torn 3b.2 43.0 oo 
Acid unod .1 29.0 cc 

* .0014 x loo = in i w*^ X 0 » S 
'6 

PP. - .1 - 29.0 
TT478 

Calculated 19.1$ £ 

Formula CnT H05 0 7 N 7 

H C« HA II (C Kt )<-> 
il Cx " C* Hp OH(N Co), 

N II C^II4 II(C H3)o 
All attempts to :.a>o the platinum salt failed. I 

tried to make It by adding platimum chloride to a 
v/ptor solution of the di-p-dimethylanilifloformanidine 
and evaporating it on a water bath and the platinum 
was rcduood. 

The same result followed when the solution was 
allowed to evaporate spontaneously. 

Then the attempt fcas made to get the platinum salt 
by dissolving the formamidine in hot alcohol and 
aiding platinic chloride. A yellowish precipitate 
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form?J immediately^which turned red then dark brown. It 
wan filtered immediately and drieu, hut the driod mass 
darkened and it .van found thivt the platinum had been 
reduced. 

Ci-p-dimethylainiuodiphenylformamidine and malonic 
outer. 

Molecular quantities of the substances were heated 
in a flask fitted with a return condenser, at 125° for 
sovoral hours on an oil bath. After stanfiing two days 
a crystalline product separated out. This was boiled up 
with gasolino and filtered off to romove any oily mater-
ials, and then nuriflod by recrystallization from hot 
gasoline. It melts at 142°. Tt is soluble in benzene, 
ganollne, alcohol and acids. Insoluble in ether. 

The per cent of nitrogen was determined by the 

KJeldahl method. 
The product formed is the anilide of jSWl^p-dine thy-

anilineanlidomethylene,malonic efter. 

Tho reaction goes thus* 

C 0 0 Co H5 
' ^ r r / H » C p H 4 H ( C H , ) o - Ho f- a 0 n S N c ( c k )o = 

C O O C0K5 
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I 
C ~ N H C H Cft H* II (C IlOn+ HoH C« H . H(CH^) 0 

I ' ' ' " 4 

C 0 0 Co 

Then the molecule of primary amine 3plit of 
reacts with a carhethotfy group forming an anilide and 
splitting off alcohol. 
C 0 0 Co k 5 

I 
C = N H C V. Ca H 4 N ( C H 3 ) 0 ==== 

C 0 0 Co Hps + H H N H C 6 H 4 1J(C H 3 ) 0 

V, o i "h t weighing A t tie 
0, N/i 

An alysis fljft nitrogen 
6 s / K < f 

13.2445 grams 
•i i» « afad eube4ance 13.2127 « 

w substance •07518 tt 

Titration 
* 

of Jf/lO if CI used. 
Burette Readings 

II CI NaOH 
39.3 cc 
40.4 cc 
1.1 cr 

22.2 cc 
49.7 cc 
27.5 cc 
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jo nitrogen 
Ca 1 cifLatod = j n n » 

Di p~ dinethyla^Inodiphenylformamidine and 
cyanacotic on tor. 

Teat molecular quantities of the components in a 
flank fitted with a reflux air 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 rocrystallizations from gasoline. It is 
nnluble with difficulty in gasoline. Goluble in benzene 
and aldohol. From gasoline it forms yellowish white 
neMle like orystal/fs which melt at 13 

The product is p-dimethylamIno-anilidomethylene~ 

cyanacetiajethyl ester. 

Cl#l?0oN3 
The reaction goes thus: 

-v. <31 * ? 
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CN 
I y NHCpH/«M ( CH~ ) o 
C K - tl'.C ' ===== 

CCD Coll 5 

CN 
I 
C : (C ! ! t - lIIioC^I.TT (CH-
I 

COCCoKs 
The free amino Lhps produced di:l not unite with 

the cirbethoxy group to form alcohol, and this seems to 
bo the urual reaction for a formamidine and cyanacetic 
"i tor. 

A nitrogen determination gave the following results: 
"'eight of welching bottle 11.2701 grams 

w " and substance 10.9931 
Gutstance .2770 

Titration 
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- x .0014 x 100 = 13.69 a/o nitrogen 

.277 ' 
Cal^ulat od - g , && t m » * 

D1 - p -d i r. o t3 xy 1 1 nodpheny 1 fo rraani di no and 
acetoaceticostor. 

!'olocular quart!ti:.n of the constituents were heated 
for an hour in a flask fitted with a return condenser on 
an on bath at 125°. 

The dark brown liquid was treated with acetic acid 
and then neutralized with dilute HaOH. Upon standing a 
day or two a yellowish compound separated out- This 
was found to conoioi of two compounds, one soluble in 
gasoline and the other very difficultly soluble in 
ranoline. 

The soluble rrMuct V/as rocrystallized from 
ran^lino and a nitrogen determination made on it- It 
mel ted at . 

Analya is 
Weight of weighing bottle 11.2732 grams. 

* * * * and substance 11.1074 * 

* w substance -1658 
Titration 

3C. oc of N/10 HC1 w*.b used. 
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Burette Readings 

H 0 1 NaOH 
Top 4n.o cc 35.2 c c 

Bottom 41.6 cc 49.7 o c 

Difference .7 c c 16.5 cc 

17.0 cc 
25.7 cc 

V- *Bi'7 cc 
- - iâ .7 x .0014 x 100 = 8.8f$ nitrogen 

* .1653 

Calculated for CH^CO 
I — y Q m & t j k nitrogen. 
C=CIINHCeH4H(CH3)s 

C00CgHs p-dimethyl anino-anilidomethylene 
acetoacetocethyl ester. 

The reaction evidently went in the following way. 
CIItCO 
I /HHCflH4N(CH3)o 
CHo f-EC 

^NC6H4N(CH3) 

COOCOF5 

CIi /CO 
I " 

C~ CHIIHC0H4N(CH,)o t NH2C6H4N(CH3)2 

COOCOK5 
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The other Product was not yet sufficiently purified 

Q 

for analysis . Tt molted b 0*1̂ 0 an giOPO and a a 5̂-.- [ 
The fr^e amine probably reacted with the carboxyl 

rroup thus: 
CH CO I C= CHNIIC^HaN (CH7 ) ==== 
COOC0H5 f NHj,C8H4H(CH3)O 
Clh.CO 
l-Niy 
C- CHKHCflH4N(CH3)2 t CoHgOH 

COKH C (jH 4H (CH7 ) n 

This product would be p-di-methylaaino-anilide of 
p-dinethylaminoanilidomethylene acetoaceticester. 


