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THE ACTION OF CERTAIN FORMAMIDINES 

ON THE FfRAZOLONS 

This work Is part of a series of researches 

carried on by Doctor F* B« Dains, with his graduate 

students, on the reactions of the substituted for-

mamidines* These are substitution products of formic 

acid, in which the place of the hydroxyl is taken by 

an amino group; that of the carboxyl oxygen by an 

imlno group* A large number of substitution products 

are possible, s6 that a formamidlne has this general 

structure: 

NR 

HG 
NHR 

My work deals with the reactions of some 

simple formamidines with certain pyrazolone• Those 

latter have the general formula of 

RC >—— CHq 
d i8 

£0 

Nr 

and are usually prepared by the condensation of a 

homologue of aceto-acetic ethyl ester with a hydrazine, 

RCOCHrt COOCpHn RNIINHp RG GH0 
2 2 H20 CgHgOH 

N CO 

HR 
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These pyrazolone react with equal moles of formamidines 

to form another pyrazolon and an aniline, the methylene 

hydrogen of the pyrazolon being attacked# 

Pyr % RH CHNHR Pyr CIINHR RNIIg 

The amine is separated from the pyrazolon by acidify

ing the solution# If the amine is not a solid — in 

which case it is easily recognized by its molting 

point — it is treated with benzoyl chloride in alka

line solution^ the resulting benzoyl derivative is 

easily recrystallized from hot alcohol and identified 

by its melting point. A series of such pyrazolons were 

prepared, and the reactions of one of them studied in 

detail# 

4 - m - toluido-methylene - I p-tolyl - 5 methyl -

5 pyrazolon# 

This was prepared by heating 5 grams of 

I-p-tolyl-3 methyl-5 pyrazolon with 6 grams (molar 

quantities) of di-m tolyl formamidine on an oil bath 

at 150° for 20 minutes. The mass cooled into a mix-

ture of brown-yellow crystals in a dark, heavy liquid# 

This was acidified with HG1 and boiled, leaving the 

crystals which were filtered ofi and recrystallized 

several times from a little alcohol# Sandy golden-

yellow crystals resulted, melting at 121° - 2°J the 

yield was 4#8 grams, 59.3^ of theory. The filtrate 
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was made alkaline and treated with benzoyl chloride5 

the resulting benztoluide was recrystallized from a 

little hot alcohol, giving 3.6 g. of white crystals 
I 

melting at 124°. 

CII3C GHg HOUGHS CE3C C CHNHC6H4CH3 

N CO HC H CO CH3C6H4NII2 
TT NHCpH.05, Nn _ 
KC6H4CH3 640 645 

2 
Analysis: .2294 gms. gave 28.9 cc. at 20° and 725.6 mm. 

•2280 gms, gave 27.65 cc, at 21° and 727.3 mm. 

Found Theory £0r 

13.85/6 13.77^ 

13.30^ 

4 * 0 *  t o l u l d o  m e t h y l e n e  -  1  p  T o l y l  -  S m e t h y l  -

5 pyrazolon. 

This reaction was repeated with di-o-tolyl for-

mamidine and I-p tolyl - 5 methyl * 5 pyrazolon. Aftor 

acidifying the product and filtering, the yellow residue 

was recrystallized repeatedly with considerable alcohol. 

Yellow crystals were obtained which melted at 176.5° 

and gave a yield of 78£. The filtrate was bensoylatedj 

T M.P. Meta benz ra-toluide, 124°, B-
& 

2. Since the Kjeldahl method will not for some reason 
apply when there are two nitrogen atoms in the same 
ring, the combustion process was used in all analyses. 
The nitrogen was collected over KOH solution in a 
nitrometer, and measured. 
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the white crystals resulting molted at 143°• *(The 

product resulting from heating - O-toluidine and benzoyl 

chloride melted at 142*5°)• 

Analysis: *2417 gms* gave 30*3 cc* at 23° and 727*2 mm. 

.2245 gms* gave 28.4 cc. at 24° and 726*7 mm. 

Found Theory for C^glhgON^ 

13,86# 13.77;J 

13.69 

4-p bromanilido mothylene - I p tolyl - 5 motliyl -

5 pyrazalon, and Methenyl bis methyl p - tolyl pyrazalon* 

Doctor Dains heated di - p - brom di - phenyl 

formamidine with 3 - methyl - I p tolyl pyrazolon. I 

dissolved part of the product in alcohol slightly acid

ified. The residue was recrystallizod from alcohol, 

giving yellow crystals, M.P. 196-7°, the pyrazolon ex

pected. Something else was present, however, as another 

portion of the remainder on recrystallization from 

chloroform deposited first 1.4 grams of bright orange 

crystals,* melting at 249°. Later depositee wore a 

mixture of the two. The filtrate was treated with 

benzoyl chloride] the resulting glistening white cry

stals of benz p - brom anilide melted at 205°• 

Benz o - toluid, 151° B. 21, 2553; 27, 2422. 

Benz p. brom anilid, 202° B. 8, 564; 32,3581; 
58,2545. 
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CII5C CHg NC6H4Br 0% C C CHNHC6H4Br 

II 00 IIC . N CO Br06H4NHg 

WP) NHC6H4Br NC7H7 

The orange compound v;as identified by heating two moles 

of p-tolyl-methyl pyrazolon with one mole of di-m tolyl 

formanidine. A red solid formed on cooling. The base 

was separated out with wator and HC1; the benztoluido 

formed with benzoyl cholride melted at 123-5? * The 

residue was recrystallized from chloroform and gave 

orange crystals, M. P. 249°. The mixture with the orange 

compound of the previous experiment melted at 248°, 

proving their identity as Methenyl bis rnothyl-p-tolyl 

pyrazolon# 
H H 

2 CH3C CH2 NC7H7 CH3C C C C CCH3 

N CO HC K CO OC N 2C7H7NHg 

KC7HV NHC7H7 %H7 HC7H7 

Analysis: .2049 gms. substance gave 27.8 cc. nitrogen 
at 24.5° and 732.3 mm. 14.77$ 

.1928 gms. substance gave 25.9 cc. nitrogen 
at 23° and 735.3 mm. 14.78$ 

Pound Theory for C23H21°2N4 

14.77$ 14.47$ 

14.78 

Benz - m toluid, M.P. 124°. 
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4 * ariilldo - methylene - I o-tolyl - 5 phenyl -

5 pyrazolon 

In preparing this product I - tolyl 3 phenyl 

pyrazolon was made by condensing molar quantities of 

o - tolyl hydrazine and benzoyl acetic ethyl ester# 

The result, on recrystallization from gasoline, 

C6N5C° CHG C6H5C CHG 

H_H C00COH_ N CO 
2 2 5 

NHC?H7 HC7H7(O) 

was a brown-white solid, M.P. 188°. Molar quantities 

of this pyrazolon and of di - phonyl formomidine were 

heated on an oil bath for 20 - 30 minutes at 150°. 

After the basic product was dissolved out with HC1, the 

residue was recrystallised from alcohol; lemon-yellow 

needles melting at 167-8° in 85*7$ yield were obtained. 

A treatment of the filtrate yielded bonzanilide, 

II. P. 160 - 161.5°. * 

C6H5C CHg C6H5C C CHHIIC6H5 C0Hf-NIIg 

N CO HC H CO 

C7H7(O) C7H7( O)  

Analysis:.2532 g. gave 27.35 cc. at 22.3° and 729.5 mm. 

.2434 g. gave 26.3 cc. at 21.5° and 729.2 mm. 

Found Theory for Cg5H190Ns 

11.82# 11.90^ 

11.91 

# M.P. benzanilide 161 - 3° 
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4 - p - nitro anilido methylene, I o tplyl, * 5 phenyl, 

5 pyrazolon 

This was obtained by heating one mole of di - p -

nitro - di - phenyl formamidine with one mole of phenyl 

tolyl pyrazolon at 170° for ten minutes. After the base 

was extracted with IIC1, the residue was recrystallized 

from much boiling alcohol, yielding lemon-yellow cry

stals, M.P. 168.5°; yield 65 .̂ The filtrate was con 

contrated and filtered again. This filtrate was made 

0G OH #C C CIffiHCfiHANOp 
KCGII4HO2 

N CO HG N CO - NOo 
I11IC II NOG CgII4 

Nn „ b 4 ^ „ NIlp 
C7H7 °7Ji7 2 

alkaline, when the yellow p - nitro - aniline came 

down; M.P. 147? ^perfect yellow needles. 

4 ~ m xylydine methylene, I - phenyl, 5 - methyl, 

5 - pyrazolon 

Di meta xylyl formamidine was heated with 

methyl phenyl pyrazolon for fifteen minutes at 110 - 125? 

The brown solid product was acidified with HC1, and 

washed with alcohol lo dissolve the base. The residue 

was recrystallized from much hot alcohol (it is very 

soluble in chloroform), forming golden yellow crystals, 

M.P. 171-3°; yield, 70%. 

* M.P. p - nitroaniline 147° 
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CH5C oil, HC6H3(Cn5)?: CFi3C C • CHWHC6H5(CH3)s 

H CO HC N CO (CIL^C^yillg 

%?H7 HH06H4(CH3)8 nC7H7 

With benzoyl chloride, the basic filtrate gave white 

crystals melting at 124°. As this was far from the 

expected result the entire process was repeated. This 

time the :titrate yielded a white benzoyl product whose 

M.P. was 789 - 192°.* The yellow pyrasolon melted at 

169°^ but the mixture with the first product melted at 

171°3 yield on socond trial, 87.G;*. 

Analysis: .2299 g. gave 28.G cc. at 24° and 735 mm. 

• 1945 g. gave 24.8 cc. at 24° and 739.6 mm. 

Found Theory for QxgHigONS 

13.65/3 13.77 

14.05 

4 - p - methoxyanilido methylene, 1 - phenyl, 

5 - methyl, 5 - pyrazolon 

This was made by heating di - p - anisyl for-

mamidine with methyl-phenyl pyrazolon at 124° for two 

minutes, and allowing to cool in bath. Moist green 

crystals formed on standing. The mixture was treated 

with acid, and the residue recrystallized from hot al

cohol. Golden brown needles resulted, M.P. 178°, a 

small quantity being obtained pure. Some methyl phenyl 

pyrazolon, M.P. 127°, was also obtained in this rcac-

x M.P. bens m - xylydide (1,2,4,) 192°, B. 10, 1710 
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tion; it had evidently been unchanged, and came down 

in the acid filtrate# The bonzanisldid obtained from 

the filtrate formed over two grams of shiny, colorless 

crystals, 15.P. 156 - 156.5°.'' 

OH3C cn2 NC6H4OCH3 CH3C C CHHHC6H4OCH5 

H CO HO . II CO IIH_C.II.OCIL. M o 4 O 

NC6H5 \HB 

At the beginning of the work a scries of pyraz-

olon compounds were prepared by heating together methyl 

phenyl pyrazolon and various aromatic aldehydes. Here, 

again, the methylene hydrogen of the pyrazolon was the 

point of attack* The general reaction occurring followed 

this equation; 
H 

Pyr GH2 OHCR Pyr C OR Hg0 

This was mainly repetition of the work of others• 

4 Benzal, - I phenyla - 3 - Methyl, pyrazolon 

The first of this series was obtained by heat

ing molar quantities of methyl - phenyl pyrazolon and 

benzaldehydo at 140 - 160° on an oil bath. After some 

hours of cooling the mixture solidified. Deep red cry

stals were secured by rocrystallizlng from glacial 

acetic acid (or alcohol), M.P. 105 - 6°5 *§ield, 62.5^. 

M.P. benz anisidid 154.5°, B. 39, 3806. 

M.P. benzal pyrazolon, 106-7° 
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CIUC Ciu 
° * 0 C Crnr CILC C CIIC^Hp. 
H CO H G 5 o 6 5 

H CO Ho0 
Ttf ^ 
C6H5 II 

4 * Piperonal, I phenyl, 5 methyl pyrazolon 

This was obtained by heating one mole of pip

er onal with one of mothyl phenyl pyrazolon at 120° for 

five minutes# On rocrystallization from much hot alco

hol, red crystals were obtained, melting at 1GG#5°; 

yield, scanty. 

CH«sC C Gil 0 
CH8 

II CO 0 

What v/as supposed to be a different product 

was secured by heating one mole of piperonal with two 

moles of methyl phenyl pyrazolon at 120° for five min

utes# On recrystallizatlon from much alcohol, this 

gave white-yellow crystals, apparently of piperonal 

bis - pyrazolon, M.P. 163uj yield, 65^# Some red cry

stals were also formed# 

It was at first thought that the reaction pro-
? 

ceeded as follows: C 
II 

P - CH0 2 CH3C CHg CHgC CH HC Cllg 

H CO IT CO OC IT 

Nn _ IT TT N „ 
6 5 °GH5 C6L5 

But the melting point was very clos© to that of the 

red compound and it was further noticed that on being 
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heated some of the white form turned red again* 

Analytical work confirmed the suspicion that this was 

only an isomeric form of the piperonal pyrasolon* 

4 - Anisal, 1 - phony!, 3 methyl pyrazolon 

This was gotten by nixing equimolocular quan

tities of methyl phenyl pyrazolon and anisaldehyde at 

140-160°. Fluffy red crystals rocrystallizod from hot 

alcohol, 126.5 - 127°; yield, 87.2£. 

CH. C CH2 0C C6I140C5!3 C!I£>C C cnc6n4ocn3 
E 

U CO N 00 IIoO (J 

IIC6I!5 ' \aB 

Analysis: .2209 g. gave 18.05 cc. at 24° and 755 mm. 

.2093 g. gave 17*65 cc* at 25.3° and 735*2 mm. 

The persistence of the red color in this typo of com

pound is very interesting, and would seem to be a fit 

subject for further investigation* 

4 - Anilido - methylene, 5 methyl, 1 - phenyl 

pyrasolon 

The rest of the work was on tho preparation and 

properties of this substance* The first method of 

preparation was the interaction of the aldehyde pyraz

olone made above, with di - phenyl formamidine. 

Molar quantities of bcnsal - pyrasolon and di 

phenyl formamidine were heated at 140 - 165° for fifteen 

minutes• From the brown red solid, which appeared on 
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cooling, there was obtained by fractional crystallization 

from alcohol brown yellow crystals of the anilido pyraz-

olon, melting at 152°« Though the odor of bonsai 

aniline was very apparent in the solution, efforts to 

recrystallizB it from alcohol or ether failed. 

CH3C C CHC6H5 CH3G C CHNHC6H5 C6H5CH NC6H5 

H CO N0 II CO 
HC 

If KHB H . 
C6H5 ^ 0 

Anisal pyrazolon was heated with di - phenyl 

formamidino on the oil bath at 150 - 170°. The result

ing product was dissolved in gasoline. A dark oil came 
i 

down on adding IIC1. This solidified and was recrystall-

ized slowly from alcohol, giving yellow crystals, M.F. 

152°. The mixture of these with anilido - pyrazolon 

also melts at 152°* 

CHGC C CHC6H£CH3 CHGC 0 CHKH0 

II CO 110 N CO CH«0CFLHACH NJTF 
HC 

^C-H- N0 11 6 5 6 5 

White piperonal - pyrazolon v/as heated with 

di - phenyl formamidino (2 moles) at 180°, allowing to 

cool. The product was recrystallized from alcohol, 

after acidifying with HC1$ yellow crystals were finally 

obtained, M. P. 154°. Some red piperonal mono pyraz

olon was observed, but could not be isolated. There 

was a strong odor of aniline present. 
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Anilldo methylene raetliyl phenyl pyrazolon is 

most conveniently made by heating together molar quan

tities of di phenyl form ami dine and methyl phenyl py

razolon at 140 - 150° for 15 - 20 minutes. The brown 

mass which formed on cooling was boiled with dilute IIC1, 

dissolving out the base. The residue was rccrystallised 

from much boiling alcohol) yellow crystals melting at 

153 - 153.5°. On benzoylating the filtrate (6.9 grams) 
o # considerable white bensanilid was formed, M.P# 162 . 

CH-C CH„ CIWC C CHMH0 

IT CO HC N CO 0mio mist 2 

6 5 

The yield obtained was 90.0̂ . 

ACTION WITH HCX 

Five grams of this anilido methylene methyl 

phenyl pyrazoloh were boiled with a little alcohol and 

10 cc« of IIC1 on a hot plato, with reflux condenser, for 

4-5 hours# The next day a quantity of brown needles 

were apparent. These were filtered off, and washed with 

boiling alcohol, in which they were comparatively in

soluble# The residue melted at 178.5°5 yield, 1.5 grams# 

•if M.J?# Benzanilide 161— 3^# 
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2 CllgC C CHNH0 CllgC C C C CII, 

N CO N CO OC N CgHgNHgHCOOII 

That this was indeed the his - pyrazolon was 

shown by the preparation of the latter compound by heat

ing one mole of di-phenyl formamidine with two moles of 

methyl phonyl pyrazolon at 140 - 150° for thirty min

utes. The brown mass that resulted was boiled with al

cohol and HC1. Some quantity of orange needles resulted 

and refused to be dissolved on repeated boiling. These 

melted at 178.5°; their mixture with the compound ob

tained above melted at 178°. 
H 

CH3C CH2 ^ HGC CCH5 CII3C C C C CCH3 

N CO HO OC N N 00 0 II 2CrHC-HH( 
IIH$ 6 5 ' 

*/ "d H 

(A quantity of the yellow anilido compound was also 

formed in this reaction, EI. P. 150°). 

The reaction with IIC1 was repeated with 5 grams 

of the pyrazolon and 13 grams of HC1. A more yellowish 

product resulted this time, which crystallized from hot 

alcohol. But it melted at 178°, and with the prepared 

his - pyrazolon at 179°• Some of the material was un

changed, melting at 150°• 

A third trial with 15 cc. of HC1 gave the same 

results. The benzoylated filtrate gave white plates 
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melting at 161°,"showing the presence of aniline. 

Heating under pressure with sealed tube at 

150° for two hours gave a black solution* not investi

gated fully. There seemed* however* to be complete de

composition* not even the odor of aniline being apparent• 

ACT!OH WITH KOH 

Five grams of the anilido pyrazolon were boiled 

with 7.5. grams KOH in alcohol* on a water bath with 

reflux condenser for two hours, a reddish liquid re

sulting. OJI acidifying, cooling and adding water, the 

yellow original product settled out; M.P. on rccrystall-

ization, 148°# Ho trace of aniline in the filtrate. 

Boiling for 6-8 hours with KOH in alcohol was 

then tried. On cooling, a mass of fine, silky crystals 

appeared. These were filtered off, but as they were 

easily soluble in both alcohol and water, could not be 

purified. They were dried in a dessicator and analyzed 

for potassium by treating with HgSO^, and weighing as 

K0SO4.; but no accurate results could be obtained with

out washing the crystals. In the light of later work, 

prolonged boiling with alcoholic potash should be 

tried again. 

The effect of metallic sodium was next tried-

Four grams of the pyrazolon were placed in 50 cc. ab

solute alcohol and half a gram of sodium was added, the 

'<* M.P. Benzanilide, 161-163°# 
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solid quickly dissolving* Some methyl iodide was 

added and the mixture boated 7-8 hours on hot plate. 

When poured into water, however, yellow crystals of the 

original separated out; M.P. 153°. Evidently unchanged. 

Finally 5 grams of the pyrasolon were heated 

with 10 grams KOI! in 20 cc. water, for several days. A 

crystalline mass was left, which dissolved in wator. On 

adding acid, a yellowish mass came down; filtered off 

and recrystallizod, this proved to be the original; 

M.P. 153°. From the filtrate there slowly came down a 

brown substance. When recrystallized, it melted at 

179°; evidently the bis pyrasolon obtained with IIC1, as 

a mixture of the two molted at 178*5°. Yield, .3 grams. 
H 

2 CII3C C CHNIIC6II5 Pyr C Pyr 

N CO HGOQH jfall2 

HC.Hr 6 5 

A strong odor of aniline was present. 

BRQMmTIOH 

I treated some anilido pyrazolon with a molar 

quantity of bromine. A granular red-brown powder sep

arated out, M.P* 159-161°; yield, 79.2£>. Some bromine 

analyses seem to indicate that this is a tri bromide, 

but much work on the analysis and reactions of this 

compound remains to be done. 



17 

A later treatment of 5 grams with 3 grams 

bromine (both dissolved in chloroform) gave canary 

yellow crystals, M.P. about 200°* 

NITRATION 

To ten grams of the yollow powder, dissolved 

in concentrated HgSO^ and cooled, I added 5 grams of 

IHJO3 slowly. After some time, I pourod the mixture 

into cold water, when brown-yellow crystals wore formed 

at once. These were insoluble in hot alcohol, chloro

form and gasoline. It was recrystallized from, much 

hot pyridine; brown-yellow crystals, which did not 

melt at 250°; it is also soluble in hot nitrobenzene. 

The filtrvio residue would not give an aniline test 

with bleaching powder, but on boiling, gave the odor 

of phenol. * 

This nitro compound was untouched by boiling 

with HC1 in alcohol for 6-8 hours• High pressure was 

tried and three grams sealed in a tube with 5 oc. HC1 

and heated to 150° for 4-5 hours. On unsealing, the 

odor of an aromatic nitro compound was apparent. Some 

yellow residue remained after treating with boiling 

water. As this did not melt at 250°, it was probably 

the original; yield, 1.7 grams. On ray concentrating 

the filtrate and making it alkaline, brown crystals 

* Aniline HNOg Diazo ( D ) Phenol 
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came down. When these wero recrystalllzed from hot 

water, they were yellow, M»P« 148°,* para nitraniline. 

Evidently, then, at least the side chain of the anil-

ido pyrazolon was nitrated and in the p-position. No 

other products of tho decomposition were noted. 

In endeavoring to synthesize this compound in 

another way, di-p nitro, di-phenyl formanidino ""was 

made from p-nitraniline and orthofomiic ester. This 

formamidino was then heated with methyl phenyl pyrazolone 

.A brown solid resulted, which, when treated with alcohol 

and IIC1 ga; re an orange-yellow mass melting at 174°, 

176° on recrystallization from much alcohol. 

CII~G GIL, 
° I 2 HC6H4UO2 CII5C C CHNHC6II4HO2 
N CO ' HC 

NHC6II4NO2 N co NH2G6H4HO2 

Yellow p-nitraniline, M.?. 147 - 148* 5° >* came down • 

when the filtrate was made basic. 

As this is a product different from that ob

tained by nitration, the conclusion is that the pyras

olon, as well as the anilido side chain, has been ni

trated* Efforts were made to nitrate the phenyl group 

of the pyrazolon, and so build up such a compound, 

but so far they have failed. 

* II.P. p-nitraniline, 147°. 

** J.pr.U) 52 - 4305 55 - 475. 159, 2B 6 - 7° 
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With Methyl'-Phenyl Pyrazolon 

I heated 5 grams of the anilido compound with 

3•15 grams (molar quantities) of methyl phenyl pyraz-

olon at 170°, allowing to cool slowly# The brown mass 

which resulted was treated with alcohol and HCX, the 

pyrazolon being precipitaed with water# Red-orange 

needles remained undissolved in boiling alcohol5 as 

they melted at 178° they were the methinyl bis pyrazolon. 

H H 
C C M H II H 

CII3C G CHHHjtf HgC GCIIg GHgC C C C G CH3 

H CO 00 N N GO 00 H 

Vj *0 *4 y 0im2 

The first fraction which crystallized from alcohol 

melted at 178°, a yield of 55.4 %* Another fraction 

melted at 151°, the yellow original, unchanged. 

Eensanilide was obtained from the filtrate, 11 • P» 160-2°* 

IIYPROCHhORZDE 

The hydrochloride was easily prepared by dis

solving the anilido methylene methyl phenyl pyrazolon 

in hot benzene, and passing through this solution dug 

HC1 gas (made by adding IIgS0A to KaCl and bubbling 

through J12S 04). A white-yellow powder came down at 

once. This was filtered and dried on a porous plate. 

# M.p. benzanllide 161 - 3°. 
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It had no sharp molting point, but decomposed up to 

188°. It could not bo analysed by titration v;itli 

standard alkali, and it failed to give a procipitate v/ith 

AgNOs» Time did not permit of trying other motliods. 

This research has touched but briefly on some 

of the reactions of the methylene grouping of some 

pyrazolons and formamidines• Inasmuch as a large 

series of products similar to anilido methylene methyl 

phenyl pyrasolon are possible, this would seem an inter

esting field for investigation and comparison. 

In conclusion I wish to express my appreciation 

of the kindly oversight and suggestions of Doctor 

F# B. Daino, under whoso general direction tho research 

has been conducted. 

Respectfully submitted, 


