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INTRODUCTION.

Formamidines are substituted formic acids and the simple
formamidine is HGzNHR. The formemidines used, however, were sub-
stituted formemidines which may be obtained by replacing & hydro-
gen in the amido group and the hydrogen in the ;mido group by a
radicle ( aromatie or aliphatic ).

The mein methods for synthesizing substituted formamidines

are:-
I.- Heating formenilide.
2.=- Action of phosphorous trichloride on a mixture of &
formanilide and amine.
3.- The reaction of orthoformic-ester on a primary amine.
OCeHs
/ H=NCesHs . NCeHs
HC~ OCe=Hs + = 3CeHsOH + HC
\ HNHCeHs . NHCeHs
OCeHs
The substituted product in case of aniline is diphenyl-
formamidine.

’4.- The reaction of hydrocyanicecid-sesquichloride (Z2HCH.

ZHel) with primery amine.
' Ber. 35 - 2496

The general tyypes of reactions of the substituted formami-

dines may be érouped under two heads:-



I.- Pormation of salts.

a.- Acid salts as hydrochloride

b.- Picrates

c¢.~ Chloroplatinates.

2.~ Reaction with compounds containing methylene hydrogen.

8.~ Reaction of cyanacetic ethyl ester with s substi-

tuted formesmidine.

CN CN

I LN R I

CHe + HC = C=HCNHR + R lHe
I ' NER I

C00C=Hs G00CeEHs

( 'R' is an aromatic or sliphatic radicle )

Ber. 25 2496.

b.- Reaction of acetylacetone with & substituted forma-

ridine.
CHe CHs
I
co co
4 +3 R I '
CHe 8 Hcs = C = CHNHR
> NHR I
¢co CO + ENHe
I I
CHe CHs

c.- With a carbethixy group present & secondary reaction
is possible with the free amine formed as is the case with The re-

action of sceto-szcetic ethyl ester and a substituted formamidine.



CHs CO CHs CO
I AR I
CHes + HC ¢ = CHNHR

‘NHR = I + RNHe

i 3 C00C=Hs
CO0C=Hs

CHs CO CHe CO + CsHsOH
. I
C = CHNHR C = CHNHR
i 8 I ‘
C00C=Hs #+ HNHR CONHR

In case of aceto-acetic ethyl ester, it is feirly easy to

separate the mono - and di- derivatives. 1In case of cyanacetic

ethyl ester the di- derivative has usually not been obtained.

d.- Reaction of molonic ethyl ester with a substituted forma-

midine.

It hes not been possible to isolate the intermediate or mono-

derivative.

COOC=HEs C00C=Hs

I I

CH= JR - ¢ = CHNHR

1 + HC I + RNHe
C00CeHs  'NHR CO0C=Hs

CO0CeHs CO0C=Hs

I I

¢ - CHENHR ¢ - CHNHR

I + HNHR I + C2HsOH
G00CeHs CONHR

e.- Reaction of phenylmethyl-pyrazolone wifh & substituted

formamidine.



CHsC - CHe 'NR CHsC - C
I . 1" , W F s
N C =0 % HC = i c =0
\ / \ \ /
N WHER N
\ \ +RllH=
CeHs CeHs

J.Ame Chem.S0c. 31 = II48.

f.- Resction of methylisoxszolon with a substituted forma-

midine.
CHsC - C = CHCeHs IR CHsC =~ C = CHNHR
f ' < " \
N c - 0 + HC = i cC=20
. \ Y 7/ +RE=CHCeHs
0 NHR 0

(This brief summary was taken from thesis submitted by
Tennyson Meyerse in I9I2 for degree of Master of Science).

The following is & further study of the synthesis and re-
actions of certain formamidines, namely: |

( p) Amino-phenyl-benzyl ether ( (p ) NHeCeH«OCHeCeHs)

( p) Iodo-aniline ( ( p) I CeHalNHe).



EXFERIMENTAL PART.

FPreparation of ( p) NHeCeH«OCH=zCeHs
Thé NitroQ derivative was first prepared.
| (Ann. 224 - I23 ).
Boil about five hours.
(22 grams potassium hydroxide
(60 grams (p ) nitrophenol
(I50 Ce. alcohol
(45.5 grams benzylchloride
Distill off the alcohol
Wash with water
‘Dry on plate
Recrystallize from alcohol.
Reactions: -
(p) NO=CeH4OH + KOH = (p ) NOeCeH4OK » H=0
( p) HOsCeHaOK - ClCE=2CeHs m ( p ) NO=eCeH4OCHzCsHs + Kel
Melting Point ( M.P.) I06°. ‘

Yield, over 162 grams from three portions of the above.

Reduction of the nitro- derivative:
(Ber. 34 - I1944).
Boil aboutvthree houré.
(5 grems ( p) nitro-phenylbenzylether
(56 grams powdered iron
(500 Ce. of I % acetic acid solution.
The amine will erystallize out ém cooling. Filter and



dissolve in hot alcohol. Pour through filter and add water to
filtrate until celoudy and, when ccol, the amine will crystallize
out.

M.P. 56°

Yield, I25 grams of amiﬁe from 160 grams of nitro~derivative

or about 80 %.



B

The Hydrochloride of (p) emino-phenyl-benzyl-ether.

Dissolve the (p) amino-phenyl-benzyl-ether in hot benzene

end pass in hydrochloric acid gas, prepared by dropping sulphuric

acid on sodium chloride and then passing the resulting gas through

sulphurie acid to dry it. The hydrochloride precipitated out as

& greyish colored substance.
M.P. 222° - 223°C,

Anslysis:~

About .2 gms. of the hydrochloride was boiled with an excess

of standerd N/IO alkali to split off the Hel.
was titrated with standard acid.

Initial weighticeeeseosececccaccraascce

Pinal weighteceeceeccossesscscccsscoccee

Weight of Hydrochlorideececscesececsee

Burette Readings:-

NaOH Hel
46 .40 48,98 23.32
2I1.20 46.44 22.81
25420 2.54 I1.01

The excess of alkali

I2,74R7
I2.5589
1838

39.30
25420
I6.00

Total NaOH.‘.‘.I...-.C. '27.74 CO. Total Hcl.........’ IV.OI m‘

Normality of NaOH-=..I028
Ratio of =2l1kali to acid = I.075

( 27.74 - (I7.0I x 1.075) ) x .I028 X .036468 = I19.27 % Hel

~T836
Theoreticel for (p) NH2(eH«OCH=CsHs.Hcl
Hel = 36,468 = 19.49 %

235,562
Hel found - 19.27 %



The preparetion of benzoyl-p-amino-phenyl-benzyl-ether by the
reaction of benzoyl chloride with (p) amino-phenyl-benzyl ether.
Dissolve the (p) amino-phenyl-benzyl ether in alcohol and
add potassium hydroxide solution and benzoyl chloride alternate~
ly and finally potassium hydroxide in excess. |
Crystallized from alcdhoi in white leaflets.
M.P. 226° - 227°
Reaction:

CeHsCO0cl # HIIHCeH«OCHeCsHs # KOH = CGH500NHGQH4OCHQCGHS t
Kel ¢ HeO :

Analysis:
Determination of nitrogen by Kjeldahl method:
Initdel welghbeessseeessonnnsss 12,8336
Finel weighteecevossecccsseasass 12.5824
Weight of substance..cscececee «2512

Burette Readings:

Hel NeOH
45,00 44,88 40.70
.08 44 .44 .14
44,92 44 40 456

Total Hcl. oo ® ® 68 08 &8 8 45.56 Cc.
Normelity of Hel = .IIO0S
Retio of acid to alkeli = 9297

(45.36 = (40.56 x .9297) ) x LIIO5 x .0I40I = 4.72 % N
.2017

Theoretical for CeHsCONHCeH«OCHeCsHs or 020H17N094



14.01
N - 303.T46

Nitrogen found

1

4.84

)

4.2 %
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Preparation of benzal-p—amino-phenyl-benzylether by the reaction
of benzaldehyde with (p)-smino-phenyl-benzylether.
Heat molecular quantities slightly on a water Dbath.
The resulting product crystallizes from gaesoline in white
leaflets almost insoluble in hot alcohol.
M.P. 1180
Reaction:
CeHsCH = 0 + He NCeHeOCHeCeHs - CeHsCH - NCsHaOCH2CsHs + H=0.
Analysié:
Nitrogen Determination by Xjeldahl method.
Initial weight.ceoceecceeseas 16,9627
Final weighteecooocscscesoeas 1644837
Weight of substance..... .4790

Burette Readings:-

Hel NaOH
47.52 32.82 38,04
2.80 32.70 ' 5.80
44.72 .12 52,24

Total Hcl.... 44,84 Cec.
Normelity of Hel = « 1105
Retio of a2cid to alkeli = .9297

( 44.84 - (32.24 x .9297) ) x 1105 x .0I40I = 4.82 % N
<4790

Theoretical for CeHsCH = NCsH«OCHeCesHor,
CpoHy,OF
N - 14,01 = 4.88 %

» 2
Nitrogen found = 4



Preparation of anisal-p~amino-phenyl-benzyl-ether by the reaction
of anisylaldehyde with (p) eamimo-phenyl-benzyl-ether.
Heat molecular quantities of p-amino-phenyl-benzyl-ether and
anisflaldehyde and slight excess on a water bath.
Crystallize from gasoléne.
M.P. I50° - I5IC.
Fairly soluble in hot gasol%ne and alcohol and very soluble
in chloroform.
Reaction:
_ OEHs OCHs
CeHs /
S~ CH - C + HeliCeH«OCH=CsHs = H20 + CeHN
N CH - NCeH4OCH2CeHs
Analysis:
Nitrogen determinatdon by the Kjeldahl method.
Initial weight.cseescocoseccece 1I.2966
Pinal wolghteeceooscsssccenees 10.8600
Weight of substance..sc.s.. 4366

Burette Readings:

Hol Ne.OH
44,70 46.46 35.61
.10 45 .34 .09
44 .60 1.06 35.52

Total Hcl-..-...... 45.66 cc.

Norm&lity Ofacid....................- 01105

Batic of Acld 16 AARMId«sssvcevsssanes »IB0T



(45,66 —~ ( 35.52 x .9297 ) ) x .II05 x .OI40I = 4.49 % N
- 2266
s OCHa
Theoretical for: CeHﬁ_ = NCeH«OQOCH=CsHs
CH

N =TI4.0I = 4.45 %
815.T46

Nitrogen found =~ 4.49 %



wE B

Preparation of di-p-benzyloxy-di-phenyl-formamidine.

Heat molecular quantities of (p) amino-phenyl-benzyl-ether
and orthoformic ethyl ester # & Cc. in excess, on a water bath.

The mixture first melts and then solidifies.

Crystallizes from benzene &s a white product.

Soluble in hot chloroform, hot acetone, hot alcohol and
hot benzene.

M.P. 153°

Resction:

0OCeHs
7 HeNCeH«OCH=2CeHs - ,NCeH40CHeCsHs
HC — 0CeHs + = HG +3C2HsOH
N HNHCeH+OCH=zCeHs NHCeH40CH=CesHs
OCeHs

Yields:
(24 grems (P) amino-phenyl benzyl ether
(24 Cc of orthoformic ester
(I8 grams of formamidine
(i5 gram;hof (p) amino-phenyl benzyl ether
(I7 Ce of orthoformic ester
(I0 grams of formamidine
(36 gram;_of (p) emino-phenyl-benzyl ether
(45 Ce of orthoformic ester
(31 grams of formamidine

Average yield @bout ....e.. 77T %



Analysis:
Nitrogen determination by Kjeldahl method.
I
Initial weighteeeeeeoson.. I4,452%

B‘izlaj-y Weight.l.‘...."...‘ 14.5551
Weight of formamidine.. «I1I90
Burette Readings:

I
Hel
44.76 . 42.45
.20 41.88
44,56 .57

Correction for
alkalinity of 45.I3
wai‘r..-.l.'...

| 37
Total Hol.cooso cecesnsee 44,76 Co
NaOH
28.03
.04
27 .99

Normality of Hel = .06728
Ratio of acid to alkali = 1.290
I

II

44,71
«92
43,79

~I14~

il |
14,3331

I14.2194
«II37

43,02
42,45
.57

44,36

37
43.99 Ce

40,40
12,58
27.82

(44.76 - (27.79 x I.29) ) x 06728 x .OI40I = 7.07 % N

.1I%90
II

(43,99 - ( 27.82 x 1.29) ) x ,06728 x .0I40I - 6.89 %

. 1137
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~ NCeHaOCH=CeHs

Theoretical for HC or ConHpyN2Oe
. ~
NHCeH«OCH=CsHs
N - 28.028 = 6.86 %
408.2T12

Nitrogen found : 7.07 %
6.89 %
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Preparation of the hydrochloride of di-p-benzyloxydi-phenyl-formemidine
Dissolve the di-p-benzyloxy-di-phenyl-formemidine in hot chloro-
form and whiﬂe hot, pass in dry hydrochloric acid gas, made by dropp-
ing sulphuric acid on sodium chloride and then passing the resulting
gas through sulphuric acid.
The hydrochloride precipitates out as a slightly bluish-white
product.
This hydrochloride is not very stable and slowly decomposes on
standing.
M.P. 26I°% - 262°C.
Anglysis:
vould not analyze the salt by boiling with excess alkali and
titrating back with acid.
Heat with pure sodium carbonate in platinum crucible to split
off the Hol. |
Dissolve in water and filter.
Precipitate as silver chloride
Initial ﬁeight.........;........ I5.7462
Final weightbeeceecssaesvssacssces IDs3180
Weight of Hydrochloride..... 4282
Weight of Gooch and Agel.... 13.5120
Weight 0f GOOCheecescecseeas I3.3761
Welght of Agcleiceecesnances 1359
36.468 X .1359 = 8.08 % Hel.
o ; NCeHaOCH=CeHs

Theoretical for: Hc\ or 327325Na0301
NHCeH«(OCHeCesHs



Hol = 36.468

Hy4. b
Hel found |

8020 70

8.08 %

{08
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Preparation of the hierate of di-p-benzyloxydi-phenyl-formamidine.
Dissolve molecula; quantities of pieric &cid and di-p-benzyl-

0xy-di~-phenyl-formamidine separately in alcohol. Mix and = yeliow
precipitates forms. Filter. Crystallizes from acetone.

M.B. 209°C.
Analysis:

Nitrogen determination by & modified Kjeldahl method.

(See Lunge and Klane,page 508)
Initial weight.cececeneeee II7550
Final weighteeieeeeaceacees 11,4998
Weight of picrate...... «2b52

Burette Readings:

Hel NaOH
47.58 49.88 32.30
.06 48446 .14
474,52 I.42 S2.16

Total Hel.ceveocoeaceeee 48094 Co.
Normality of acil@.ccccevececees 1028
Ratio of acid to @2lkali..eeeee. +8960
(48.94 - (32.I6 X .8960) ) x 41028 x .0I40I = II.36 % N.

«2502
7, NCsHeOCH=2CsHs

Theoretical for HC or 054H2709Hs

N NHCeH«0OCH=CeHs

N = 70.05 = 10.99 %
637 . ’

Nitrogen found = II1.36 %



Ly

Preparation of cyanacetic derivatives of di-p~benzyl-oxy-di-phenyl-
formamidine .

Heat molecular quantities of di-p-benzyl-oxy-di-phenyl-
formamidine and cyanacetic ethyl ester + slight excess for ome hour
on an oil bath at I25°C.

Digssolve the entire product in alcohol and 2dd water acidified
with hydrochloric acid to precipitate the cyanacetic derivative.
The hydrochloric acid keeps the free amine from separating out.

The cyanacetic derivative is almost insoluble in gasoline;
soluble in benzene but does not crystellize on coolinge.

Light brown colored product.

M.P. I20°cC.

Reaction:
CH NCeH<OCH=CeHs CN
EH: + HC”' - E - CHNHCeH«OCH=CeHls
éOOCan A NHCeH40CH=2CeHs éOOCan

+ NHeCsH4OCHeCeHs

There was no indication of & second or di-derivative being
formed by the action of the free amine on the carb.eth-oxy-group.
This product may be ealled p-benzyl-oxy-anilido-methylene-cyan-

acetic ethyl ester.



ol

Analysis:

Nitrogen determination by Kjeldahl method.
Initial weighteeceececccoeeees I0.4725
Final welght.ecescoccccccssces I0,3349

Weight of substance..ccecee. « 1376

Burette Readings:

Hel Na.OH
46.782 46.86 42,20
.00 46,72 «20

46.72 .14 42,00
TotaL HOL.eveoeooosaaaass 46.86 Coo
Normality of acidececseces «I1I05
Ratio of acid to alkali.. « 9297

(46.86 - (4B.00 x .9297) ) x .II05 x .OI40I = 8.79 % ¥
| 1376

Theoretical for CIN
\
C = CHNHCeH«0OCH=CeHs
! _

C00CeHs or, CyoHglN=Os

N = 28.02 = 8,70 %
322.16

N

Nitrogen found = 8.79
Make mother liquor alksline with potassium hydroxide and add
benzoyl chloride.
Reaction:
CeHsCOcl + HUHCeH«0CH=CeHs + KOH = CeHsCONHCeH«OCHeCeHs #
| Kel + HeO



wSTe

Crystallize from alcohol.

M.P. 225%%
Benzoyl~-p-emino-phenyl-benzyl-ether results.

This tends to show that the formemidine broke up in the way
indicated by the equation, cyanacetic ethyl ester s+ di-p~benzyl-

0xy-Adi-phenyl~formamidine.
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Preparation of the malonic derivative of di-p-benzyl-oxy-di-phenyl-
formamidine.

Heat molecular quantities of di-p-benzyl-oxy-di-phenyl-formami-
dine and malonic ethyl ester ¢ slight excess for one hour on an oil
bath at I125°C.

Dissolve the entire product in sleochol and add water acidified
with hydrochloric acid to precipitate the melonic derivative. The
hydrochloric scid keeps any free amine from separsting out.

Crystellize from alcohol.

Greyish colored produect.

M.P. I3I° - 132°C,

Resction:

C00C=Hs CO0CsHs

v NCeH&OCHE=2C8Hs '

CHe + HOZ = C = CHNHCeH4OCH=CeHs

‘ NHCeHeOCHeCeHs f |

C00CeHs C00C=Hs + NHeCeH«OCH=2C6Hs
CO0CeHs CO0C=eHEs

(] . 1

¢ = CHNHCsH«OCH=zCeHs = (¢ = CHNHCeH&OCH=CeHs

(] (]

C00CeHs + HNHCeH4OCH=CsHs CONHCeH«OCHzCeHs + CeHsOH

This product may be called the p-benzyl-oxyanilid of p-benzyl-
oxy-anilido-methylene-malonic ethyl ester.

Could not isolete any of the mono-derivatives.



2B

Analysis:

Nitrogen determination by Kjeldahl method.
I II

Initial weighteee ceveeeececenaneseeeall 6340 I2.5047
Flral welghteciescsavsssscssiinnnsenskBeB04Y 12.3667
Weight of substance..cceccesscceee oI293 «1380
Burette Readings: |
k § B 3
Hel
47 .10 33«4 47 .32 30.52
52 32.78 .08 29 .84
46.78 - 56 47.24 .68

Total Hcl.l...l"....47‘54 cc ...‘.....'.....47.92 Cc.

NaOH
46.00 49.24
004 2.84
45,96 46.40

NOrmality Of aCidooooooo OIIOE
Ratio of acid to alkali. .9297

I

((47.34 - (45.96 x .9297) ) x ,I1I05 x .OI40I = 5.54 % X
1293

II

((47.92 - (46.40 x .9297) ) x .I105 x .0I40I = 5.37 4 N
. 1380

Theoretical for .CO0C=zHs
{ _
C - CHNHCsH«OCH=CsHs

! 6c >
coﬁﬁk:ﬁqluuhh£;+f;

N -1I4.0I = 3.80%
369.19

or, CEIH2305E



-

Theoretical for: CO0C=Hs
1
? = CHUHCeH«OCH2CsHs  or, CyoHy,0sNe
CONHCeH4OCH=CesHs
I - 28.02 - 5.37 %

Nitrogen found = 5.54 %
5.37 %

————— e ——-

Make mother liquor alksline in potassium hydroxide and heat benzoyl
chloride.
Reaction:
CeHsCOcl + HNHCeHaOCH20sHs + KOH = CeHsCONHCeHaOCH=CsHs + Kcl+HeO.
Benzoyl-p-amino-phenyl-benzyl ether is formed.
Crystallize from alcohol.
u.P. 225° - 226°
This reaction would tend to show that the formamidine broke wup
in the way indicated in the equation by the action of malonie ethyl

ester on di-p-benzyl-oxy-di-phenyl-formemidine.
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The preparation of the aceto-acetic-ethyl ester derivatives of di-p-
benxyl-oxy-di-phenyl-formamidine.

Heat molecular quantities of di-p-benzyl-oxy-di-phenyl-forma-
midine and aceto-ascetic-ethyl ester + slight excess one and one~
half hours on an oil bath at I20° - I25° G,

Dissolve the entire product in alcohol and 2dd water acidified
with hydrochloric acid to precipitate the sceto-acetic derivetive.
The hydrochlorie acid prevents any free amine from precipitating out.

On trying to dissolve the sceto-acetic derivative in gasoline,
it was found only part of the produect would dissolve. The part
soluble in gasoline was found to be the mono-derivative.

Recrystallize from gasoline using as small & guantity as possible.

The mono—’derivative is a8 very light yellow colored substance.

M.P. 95° - 96° ¢.

Reaction:
CHsCO CHsCO
r 4, NCeH40CH=CeHs ' '
CHe + HC - C = CHNHCsH&«OCH=2CesHs
! \ NHCeH«OCH=CsHs ' + HeCsHe0CH=CsHs
CO0CeHs CO00CsHs

This product may be called p-benzyl~oxy-snilidomethyleneaceto-
acetic ethyl ester.
Analysig:
Nitrogen determination by Kjeldahl method:
Initial weightececesoecceeosse 12,9753
Final weighf....;............ 12,7918
Weight of substance..ceee. .1835



~2 6=

Burette Readings:

Hel NaOH
41.78 42 .50 39.83
.02 42.08 .10
41.76 42 39 .73

Total Hcl‘.l'.'OCOOOOOIIODO 42.18 CC.
Nomality of B-Cido ® o o0 %0 08 e OIIOB
Ratio of acid to alksli.... «929%

(42.18 ~ (39,73 x .9297) ) x .IIO5 x .0I40I = 4.42 % N
. 1835

Theoretical for: CHsCO
]
C = CHNHCsH«0OCHeCsHs or,ConHo10el
!
CO0CeHs

N = 14.0I = 4.I3 %
259.18

Nitrogen found = 4.42 %

All the mono~derivative of aceto-acetic derivatives was re-
moved by repeated heating with small quantities of gasoline. The
part that was still undissolved was dissolved by heating with s
‘small quantity of glacial acetic acid. On cooling this product
orystallized out. This produet, insoluble in geasoline, was found
to be the di- derivative.

Color, light yellow.

M.P. 164° - 1559 g, | ,
This di- derivative is almost insoluble in hot gasoline, alcohol;

goluble in hot acetone and benzZene.
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Reaction:
CHs?O CHb?O
('3 ~ CHNHCeH«OCH=CeHs = (’} = CHNHOeH«OCH=2CeHs
COOCeHs « HNHCeH4OCH=CsHs CONHCeH40CH=CsHs
+ C=2HsCH

This product may be called the p~benzyl-oxy-snilid of p-benzyl-
oxyanilido-methylene-aceto-acetic ester.
Anal ysis:
Nitrogen determination by Kjeldahl method.
Initial weight..cceeeeee 14,5392
Finsl weight.eeeeeveeeees 14,3040
Weight of substance.. 2352
Burette Readings:

Hel NaOH
42.80 42.92 37 .14
.04 43.83 «30
42.76 «I0 36.94

Tot&l Hol...'.-...l. 42.86 Cc’
Hormality of acid... «IIO06
Ratio of acid to a2lkali.9297

{ 42.86 - (36.94 x .9297) ) x .IIO56 x .0I40I = 5.6I % N
- L2352

Theoretical for: CHs%O

C ~ CHNHCeH40CH=CseHs
! or,CzrHogOalle

CONHCeH«OCH=CsHs

N = 28.02 =5.69%
Z92.24
Nitrogen found = 5.61 %
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lMake the mother liquor alkeline with potassium hydroxide
and treat with benzoyl chloride.
Reaction:~
CeHsCOcl + HNHCeHaOCH2CeHs + KOH = CeéHsCONHCeH«OCH=(CeHs +Kcl +
H=0.
Benzoyl~-p~amino~phenyl-benzyl-ether is formed.
Crystallize from alcohol.
M.P. 2250 - 2269 C.

This reaction shows that the formemidine probably broke up as indi-

cated by the equetions.
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Preparation of the phenyl-methyl-prazolone derivative of di-p-tenzyl—
oxy-di-phenyl-formamidine.

Heat molecular guantities of phenyl-methylpyrazolone and di-p=-
benzyloxydiphenyl-formemidine for one hour on an o0il beth at I20° -~
I259 ¢.

Digsolve the entire produet in alcohol and precipitate the hyéra—

hPyazolone derivative by adding water acidified with hydrochloric acid.
The hydrochloric acid prevents any free smine from coming down.
Crystallize from aleohol.
The pyrazolone derivative comes down as beautiful red needles.

M.P. I8SIOC.

Reaction:
CHsC____CHe /AC8Ha0OCH=2Cs8Hs CHeC  C=CHNHCsH«OCH2CesHs
N { + HC il f
N Ca0 ~ NHCeH«OCH2(CeHs N C=0
\ / = \ 7/
N . N +NH2CsHsOCH=eCsHs
\ \
CeHs CsHs

This product may be called the p-benzyl-oxyanilidomethylene of I~
rhenyl - 3-methyl-pyrazalone.
Anglysis:
Nitrogen determination by the Dumas method.
Initial weight..oeeveeeeccaeess 4.5855
Final weightieesocececocsssceee 4.4335
Weight of substance..secccee. «I520
Yolume 0f Fheesvossssceosnes E648 Co
Temperatureececsccescscecccsice 27.0°¢

Barometer Reading...-..-....74105 mm «
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Tension of water vapor of 50 % KOH solution at 2700 is I7.0 mm.
Chemiker-Kelender II, I9I3.
74I.5 - I7.0 = 72I1.5 mm,
From tables, page 95 of Gatteman's "Practicel llethods of Organic
aAnanlysis, |
I Cc of Il weighs .000I0bI grammes.
.000I05I x I6.2 = I1.I3 %

« 1020
Theoreticael for: CHsC ____. C = CHNHCeH4OCH=CeHs
1" 1
N Cco
\ v
N
\ or, 024H2108N8
CsEs

N = 42.03 = I0.97 %
383.198

Nitrogen found - II.I3 %

Meke the mother liguor slkeline with potassium hydroxide and
heat with benzoyl chloride.
Reaction:

CeHsCOcl + HNHCeH«4OCH=2CoHs + KOH = CQHSCONECGH4OCHBCGH5 = Kcl + HD
Benzoyl-p-~amino-phenylbenzylether is formed.

Crystallize from alcohol

M.P. 226°C.

This reaction also shows that the free amine is formed when
phenyl-methyl-pyrazolone and di-p-benzyl-di-phenyl-formamidine are

heated together.
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Preparation of (p) iodo-aniline.
Am.Chem.Jour.,V0l.42,N0.6, Vec. I909.

Heat the following mixture on & water bsth until the iodine
vapors disappear: |

2244 grams sniline

4. " dodine

2b. " Calcium carbonate

60. Cec. ether

60. Co. Water

Allow the ether to evaporate and then distill off the p~iodo-
aniline with steam.
Yields from the sbove proportions:

33:;323;37;39;38;36;33;41;34;40 grans.
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*Preparation of the benzoyl chloride derivative of p-iodo-sniline.
The p~iodo=-aniline was dissolved in alcohol and benzoyl chloride
and potassium hydroxide solution were added alternately and finally
potassium hydroxide to excess.
Reaction:
CeHsCOcl + HNHCeH«I + KOH = CeHsCONHCeHaI + Kcl + HeO
Grystallizesrfrom alcohol as white leaflets.
1.2, 215° - 216°
This product may be called benzoyl-p-iocdo-~anilid.
Analysis:
Nitrogen determination by the Kjeldahl method.
Initial weighteeeeeoseoeees 14,5085
Finel weight...c.eveeeeesss I4.0I91
Weight of substance..... 04894

Burette Readings:

Hel : NaOH
45.10 45,00 31.61
2. 30 44,66 .10
42 .80 54 3I1.51

Total Hcl'..‘..l....‘ 45.I4 C°¢
Normality of acid.... «1I05
Ratio of acid to alkali .9297

( 43,14 - (3I.51 x .9297) ) x II06 x .9297 = 4.38 % X
.46894 -

Theoretical for:(p) I CeHaNHOCCsHs or CyzHIQONI

N = T4.0I = 4.34 %
Z2B6.01
Nitrogen found - 4.38 % *prepared in I9I2 by Ed.Kohmen.
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Preparation of the benzaldehyde derivative of (p) iodo-sniline.
Wix molecular quantities of benzaldehyde and p-iodo-sniline.
The reaction takes place without being heated.
Dissolve in alcohol and add e little water and,on standing,the
benzaldehyde derivative will crystallize-as white leaflets.
M.P. 85° - 86° C,
Almost insoluble in hot gasoline or chloroform. Soluble in
ecetic acid, acetone and benzene.
Reaction:
CeHsCH = O + HeliCeHsel - CeHsCH = liCeHal + HeO
This product may be called benzal-p-iodo-aniline.
Analysis:
Nitrogen determination by Kjeldshl method.
Initial weighteeeeeevocseeaes I4,7729
Pinal weighte.evccocceseeeecs I4.1696
Weight of substances..... «6033

Burette Readings:

Hol NaOH
45.20 45,16 38 .80
I.92 45.00 10.80
43,28 .i6 28.00

Total EGl....l.'..... 45'44 co.
Normality of acid.... 1105
Ratio of acid to elkali .9297



((4%.44 - (28.00 x .,9297) ) x II06 x .OI40L = 4.48 % XN
« 6033

Theoretical for: CeHsCHE = NCsHsI , or, C1zHpolI
N = I4.0I = 4.56 %

Nitrogen found = 4.48 %

-3~
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Preparation of the \('I'anisyl aldehyde derivative of p-iodo-aniline.
Heat molecular quantities of p-iodo-sniline and anisyl aldehyde
+ 8light excess on a ﬁater bath for a short time.

Crystallize from alcohol.

M.P. I5I®
Reaction:
,» OCHs  OCHe
CeHs + HellCsHeI - H=O + CeHe
S CH=0 N CH = NCsHeal

This product may be called anisal-p-iodo-asniline.
Anglysis:
Nitrogen determination by Kjeldahl method.
Initial Wedghteeeveveesees I3.2900
Pingl welghteceeceeoseoceess 13,0614
Weight of substance..... «2286
Burette Readings:

Hel EaOH
44.18 45,34 41.24
.02 44 .60 .00
44,16 74 41.24

Total Hol‘.......ldl..l 44'90 CG
Normality of acid...... «II05
Ratio of ascid to alksli 09297



( 44,90 - (4I.24 x ,9297) ) x

II05 x ,0I40Ie 4.45 % N

2286

Theoretical for:
OCHsa

/
CeHa

or, Cp,Hy,ONI

\
CH - NCsHeI

N o I4.01 = 4.16 %
337.026
Nitrogen found = 4.45 %

B3 -
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*Preparetion of dinp-iod%éphenyl—formamidine.

Heat molecular quantities of p-iodo-aniline and ortho-formic-
ethyl ester +« slight excess on & water bath. The reaction teakes.
place in & short time, forming & solid mass.

A good solvent was not found for di-p-iodo-di-phenyl-formami-
dine, so the formemidine was ground in a mortar and washed with gas-
oline. By this means a product pure enough to work with was obtained

Di-p-iodo-di-phenyl-formemidine is insoluble in hot gasoline
and,acetoneﬁ slightly soluble in hot chloroform and acetic acid;
fairly soluble in hot benzene and hot alcohol.

This formamidine crystallizes best from alecohol but the yield
is very poor. The product crystallized from alcohol, is white and

melts at I75°C.

Reaction:
0C=Hs
g HeNCeHel ,NCeHaI
HC-~0C=Hs + - HC, + 3CgHsOH.
\ HINHCsHaI NHCsHal
0OCeHs
Yield: I20 grams p=iod~aniline

(

f 70 Cc. ortho~formic ester
2108 grams of formamidine.

Analysis:

Nitrogen determination by Kjeldahl method.

Initiel weight...ce.000... 12,0078

Finel weightececcesccesss. I2.,8014

Weight of substance...  .2964
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Burette Readings:

Hel NaOH
43,54 44 .66 34 .90
I.34 44 .34 2409
42,20 32 32.81

Total Hecleeeeeessos 42.52 Cec.
Normelity of acid.. +II05
Ratio of scid to alkali.f297
( 42.52 - (32.81 x .9297) ) x .IIO5 x .OI40I = 6.28 % N

e R9Y 64
Theoretical for:
P NCeHal
HO\ or, c15HIONBIB
NHCsHaI

N = 28.02 = 6.26 %
Z47.94

Nitrogen found - 6.28 %

* prepared in I9I2 by Ed.Kohmen.
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Preparation of the hydrochloride of di-p=-iod o=di-phenyl-formemidine.

Dissolve the di=p-iodo=di-phenylformamidine in benzene and pass
in dry hydrochloric acid gas made by dropping sulphuric acid on sodium
chloride and passing the.resulting gas through sulphuric acid. The
hydrochloride precipitates out. Filter.

M.P. 248° - 249° ¢,
Analygis:

Heet the hydrochloride with an excess of standard sodium
hydroxide and titrate back with standard acid.

1 II
Initial weight...... 9.7805 cessssvsase I10.2894
Pinel weight ...cc.. 9.6816 easneissenn EedlBDO

Weight of Hydro-
, chlorideccc.. .0989 sesssscescae . 1641

Burette Readings:

I T
NaOH
3,14 33,12 30,36 B3.67
17 32.94 .10 3358

30.97 .18 50 .26 .09
Tobe] NOOH. . vssnnseee ZI.I6 08 censvasnsnssssses 30.35 Co
Hel
26.20 24.29
.18 .20
26.02 24,09



Normality of alkali - 09326
Ratio of alkali to acid= I.IIb

I
( 3I.15 - (26.02 x I.II5) ) x .09326 x .03647 = 7.33 % Hol
L0989
II
( 30.35 - (24.09 x I.II5) ) x .09326 x .03647 = 7.38 % Hel
1641
Theoretical for :
HC .Hecl or, CinHNalz ¢l
N NHOsHeT 15711

Hol = 36.47 = 7.53 %
474 .46

Hel found = 7.23 %
7.38 %

-41-
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Preparation of the ptctate of di-p-iodo-diphenylformamidine,
Digssolve molecular guantities of pieric acid and di-p-iodo~-

di~phenyl-formemidine separately in alcohol.

Mix. The pierate crystallizes as & dark yellow substance.
Filter.

Recrystallize from cold acetone.

M.P. 226°C,

Analysis:
Nitrogen determination by a modified Kjeldahl method.

(Lunge & Klane, page 508).
Initial weight.c.ceceeeeceess 544770
Final welghteeeecocoocscseeas DHe2943
Weight of picrateccceces.. « 1827
Burette Readings:

Hel NaOH
46.32 46.76 37,68
.04 26 .56 .10
46.28 .20 37 .58

Total Hel.iceoseoososess 46.48 Coe
Normality of acid...... «II05
Ratio of acid to alkali « 9297

( 46.48 - (37.58 x .9297) ) x .II0O56 x .OI40I = 9.78 % N
: L1827

Theoretical for: rAICeHaL
HC

.CeHe (OH) (NO=)a ,0r,CroHrzNs O,Iz
\ NHCeHeI T

1

N = 70,05
“677.
Nitrogen found = 9.78 %

10.35 %



—44-

Potal Beleevscssssse 4764 Ca,

(47,64 - (4I.16 x .9297) ) X .II05 x OI40I = 8.27 % I
L1736

Theoreticael for: (N
f _
? = CHNHCeH«+I or, CIBHIIOsNeI

CO0CeHs
Y = 28.02 = 8.19 ‘/76
342 .03
Nitrogen found = 8.27 %

- A e ———

Make the mother liguor alkaline with potassium hydroxide
and treat with benzoyl chloride.
Reaction:
CeHsCOcl + HNHCsH«I + KOH = CeHsCONHCeH«I + Eel » HeO
Benzoyl-p-iodo-aniline is formed.
Crystailize from alcohol.

u.P. 215°
This reaction shows thet the free amine was found when cyanecetic

ethyl ester anddi-p-iodo-diphenylformamidine were heated together.
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’Preparation of the maloniec derivatives of di-p-iodo=di-phenylformemiding

Heat molecular quantities of di—pfiodo-diphenylformamidine
and malonic ethyl ester » slight excess for one hour on an oil bath
at I25°C.

Dissolve the entire product in chloroform and add alcohol to
precipitate. The free amine would not precipitate out from this
mixture.

The malonic derivative is very soluble in cold chloroform
but slmost insoluble in alcohol.

M.P. 176° C.

Color, white.

Reaction:
CO0CrHs CO0CzHs
| ,,IJCGHA.I |
CH= -~ HC - (C = CHNHCeH«I
] N NHCeHeI 1
CO0CeHs C00CeHs + Hs=liCsHel
COQCsHs C00Ce=Hs
{ '
¢ - CHNHCeH«I ’ -  C=zCHNHCeHaI
L ‘ ! + C=2HsOH
C00CeHs +~ HNHCsHel CONHCsHel

This product may be called the p-~iodo-anilid of p-iodo-anilido-

methylenemalonic ethyl ester.

No intermediate or mono-derivatives could be isolated.
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Analysis:
Nitrogen determination by the Kjeldahl method.
Initial weight.eseccececocceesse 14.8I89
Final weight.eeeeeeeececencesss 14,6384

Weight of substance.cecececeee « 1805

Burette Headings:

Hol | NaOH

42.04 42.70 39.20
.04 42 .50 .16

42.00 .20 39 .04

Total EOIOOOQOOOOOQCD 42.20 cc
Normality of acid.... «IIO05
Ratio of acid to alksli .9297

(42,20 - (39.04 X .9297) ) X .II06 X .OI40I = 5.18 % N
.180b

Theoretical for:
CO00CeHs

3

?CHNHCGHaI or, CIBHIBH Oal=

CONHCeH<I
—561.988
Nitrogen found = 5.I8 %
Make the mother liguor alkeline with potassium hydroxide

eand treat with benzoyl chloride.



~47 -

Reaction:

CeHsCOcl + HNHCeH4I » KOH = CeHsCONHCeHaI + Kcl + HeO
Benzoyl~p-iod~aniline is formed.
Crystallize from alcohol.

‘M.P. 215° ~ 21I6° C.

This reaction shows that the free amine has formed when malonic

ethyl ester and di-p~-di-phenylformeamidine were treated together.

* Prepared, 1912, by Ed.Kohman.



*Preparation of the aceto-acetic ethyl ester derivatives of di-p-
iodo~-diphenyl-formamidine.

Heat molecular quantities of di-p=-iodo-di-phenylformamidine
and aceto~acetic ethyl ester + slight excess for one hour on an o0il
bath at I25° ¢. Another portion was heated six hours on & water bath.

Dissolve the entire produet in alcohol and add weter escidified
with hydrochloric acid to precipitate the sceto-acetic derivatives
and at the same time keep any free emine in solution.

Part of this product was insoluble in hot gasoline. The part
soluble in hot gasoline crystallized out on cooling as & nesrly white
product. Reorystallize several times using the smellest quantity
of gasoline possible. This product, soluble in gasoline, was found
to be the mono- derivative.

M.P. 96° - 97° C.

Soluble in cold chloroform, ether, benzene, acetic acid and

hot alcohol

Reaction:
CHsCO CHsCe
! ,NCeHal l
CHe « HC = C = CHNHCsH<I
| “ NHCeHeI '
CO0C=HEs ' CO0C=Hs + NHeCsHel

This product may be called the p-iodo-anilido~-methylene-aceto-

acetic ethyl ester.



Analysis:
Nitrogen determination by the Xjeldahl method.
Initial weighteeeeeaeeaanas %5.6565 %%.4105
Pngl Walghbesessonnonones 134818 I1.8088
Vieight of substance... 2251 «6015
Burette Readings
I Iz
Hel
43.30 43,79 47 .20 47 .20
2.14 43.33 «I0 46.80
4I.16 «46 47.I0 .40

Total 301000000041.62 Cc e & 0 @ @ o8 8 05 86 s 080 o0 47‘50 CC‘

NaCH I 11
38.62 34.04

bl « 27

38,11 23.T7

Normality of acidecececacense

.II05

Ratio of scid to alkaliceeeee «RO7

1

«22b1
II

( 47.50 - (23.77 x 9297 ) ) x 1106 x .0I40L = 4,15 % N

.601b

-49 -
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Theoretical for :
CHaCO

C ‘ =CHNHCsHaI or. 015HI403NI
|
CO0CeHs

N - I4.0I = 3.90%
359,042

Nitrogen found = 4.26 %
4,15 %

Dissolve the portion,insoluble in hot gasoline, in chloroform
end add alcohol to precipitate the product which was found to be the
di- derivative.

u.p. 184° - 185° C.
Soluble in cold chloroform, ethér, benzene, acetic acid and
hot alcohol.

Color, greyish.

Reaction:
CHa?O OHn?O
C CHNHCeHeI = ‘9 CHNHCsHal
éOOCnEs + HNHCeHeI CONHCeH4I + C2HsOH

This product may be called the p-iodo-anilid of p-iodo-
esnilido-methylene-acto-acetic ester.
More di- derivetive was obtained from the portion heated on

the o0il bath than from the portion heated on the water bath.
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Anglysis:
Nitrogen determination by the Kjeldahl method.
Initial welght.cecivcevssasceee 18,6906
Final weightececvecrcrsonranene JIR.B0L5
Weight of substance........ 3981

Burette Readings:

Hel Na0H
45.21 44.04 24,90
.70 43 .79 I.18
44.51 «25 33.72

Totsl HBoliccanainassne 44,76 Cc.

( 44,76 -« (33.72 X .9297) ) x .II05 x .OI40I = 5.21 %
' ,39861

Theoretical for: CHa?O
? CHNHCeHsI or, CI7HI408NIIB
CONHCeH«I |

N = I4.0I = 5.27 %
B3I.072

Nitrogen found = 5.21 %

Make mother liguor elksline with potaessium hydroxide and heat

with benzoyl chloride.

Reaction:~
CeHs(COcl + HNHCeHe«I + EKOH = CeHsCONHCeHeI # Kol + HeO.

Benzoyl-p-iodo-aniline is formed.
Crystallize from alcohol.
M.P. 215° - 216° C.
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This reaction shows that the free smine was formed when aceto-
acetic ethyl ester and di-p-iodo-di-phenylformemidine were heated to-

gether.

*Prepared by Ed.Kohman in ISIZ.
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Preparation of the acetyl-acetone derivative of di-p-iodo-di-phenyl-
formamidine. .

Heat molecular gquantities of di—p—iodg;phenyl—formamidine end
acetyl acetone + slight excess for one hour on an o0il bsth at 125%.,

Dissolve the entire product in alcohol and add water acidified
with hydrochloric acid to precipitate the acetyl derivatives and, =at
the same time, to keep the free amine in solution.

Crystallize from alecohol.

u.P. 180° - 18I°

Color = very light yellow.

Reaction:
CHs CHs
\ \
co co
1 |
CH= 9NCGH4I = C - CHNHCsHel
! + HC 1
co N NHCeHoI co
! 0 + HeliCeHel
CHs CHe

This product may be called the p-iodo~anilido-methyleneacetyl-acetone.
Anglysis:
Nitrogen determinstion by the Kjeldahl method.
Initial weight.seceeeceescee I4.0659
Final welghteeceecceccescecas 13,7379
Weight of substance.... « 3280



=54

Burette Readings:

Hel NaOH
44,34 32 +44 40,56
92 31.99 2476
43,472 «45 37 .80

PTotal HeCleceoeaseacoeeaee 43.87 Co
Normality of acidecccess «I1I05
Ratio of acid to alkali. 9297
( 43.87 = (37.80 % .9297) ) x oII05 x oOI40I = 4.I2 % X

« 3280
" Theoretical for:

CHe
{
(H)
f
?CHNHCeH4I or, 612H1203NI
co
]
CHs

i - I4,01 = 4.26 %

729.026
Nitrogen found = 4.I2 %

e G ————— - —

Make the mother liguor slkaline with potaésium hydroxide and
treat with benzoyl chloride.

Reaction: CeHsCOecl ¢+ HNHCeHeI + KOH - CeHsCONHCeH<I + Kcl + HeO
Benzoyl - -iodo-sniline is formed. '
Crystallize from alecohol. |
M.P. 2I5° «
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This resction shows that the free amine was formed when acetyl

scetone and di-p-iodo-di-phenyl-formemidine were heated together.
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Preparation of the methyl isoXazalon derivative of di-p-iodo-di-
phenylformamidine.

Heat molecular quentities of benzylidinmethylisoxszalon
and di-p-iodo-di-phenylformamidine on an oil bath until the mix-
ture melts which was about 14000. Then lower the tempersture to
115°C ana heat for about an hour. At higher temperstures dec ompog -
ition is very liable to take place.

The by-produet is soluble in benzene while the isoxazalon
derivative is only slightly soluble in benzene . This is the way
the two substances were separated.

Crystallize from acetone.

M.P. 2080 - 209° ¢,

Slightly soluble in hot acetic acid and alcohol, fairly

soluble in hot acetone.

Reaction:
CHsC —— C = CHCeHs CHaC__C=CHNHCsH&I
" ! » NCeHel ] '
N C=0 + HC = ¥ C=0
N/ ~ NHCeHel A
0 0 +CeHsCHwlCsHel
Color - light yellow

Analysis:

Nitrogen determination by Kjeldahl method.
Initial welghtecoecooceceeoese 10.6740
Final weight.seeecccoccoccsees 10.2460

Weight of substance.eceees « 3280
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Burette Readings:

Hel | NaOH
44,00 3199 28 .14
I.23 31.34 42
4277 «6b 27 .72

Total Hcl.........l- 4}‘42 Cc
Normelity of scid.... .IIO5
Ratio of acid to alkali .9297

( 43.42 = (27.72 X .9297) ) x JII05 x OI40I =~ 8.34 % XN
. 3280 '

Theoretical for CHsC ——C = CHNHCeHaI
1] f

N co
\’o 4 or, CIIHQNnOaI
N - 28002 - 8054 %
B328.012
Nitrogen found = 8.34 %

This work was suggested by Dr. F. B. Dains and carried out
under his direction.
The author takes this opportunity to express his obligations

for the suggestions and guidance in the carrying out of this research.
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