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This invention relates to photographic de 
velopers and more particularly to photographic 
developers containing alkylacylamidoethyl or al 
kylacylamidoethoxy ring substituents. 

It is known that photographic developers of 
the p-phenylenediamine type are valuable com 
pounds for producing fine grain black and white 
photographic images and also that these com 
pounds, especially when they contain alkyl sub 
stituents on one of the nitrogen atoms, are use 
ful as developers in producing colored photo 
graphic images. A serious disadvantage of the 
p-phenylenediamine developers is that they are 
highly allergenic, that is, they are poisonous to 
the human skin and are therefore somewhat 
dangerous to use. 
The allergenic properties of the p-phenylene 

diamine developers may be overcome by sub 
stituting a Sulfonamide group or an amino sul 
fonyl group in the alkyl group on the nitrogen : 
atom of p-phenylenediamine as described in 
Weissberger U. S. Patent 2,193,015, granted 
March 12, 1940. These substituted p-phenylene 
diamine developers, however, are sometimes too 
low in developing strength (or reduction poten 
tial) So that it is difficult to obtain, with them, 
dye images of sufficiently high density and con 
trast. - - 

It is...therefore an object of the present inven 
tion to provide a new class of photographic de 
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veloping agents of the p-phenylenediamine type. 
A further object is to provide developing agents 
of the p-phenylenediamine type which produce 
dye images having the desired characteristics. 
These objects are accomplished by the present 

invention by the use as developing agents of 
compounds of the following-general formulas: 

R R YN 

CHCH.NEx 

and 

OCH, CHNHX 
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where R is a lower alkyl group such as methyl, 
ethyl or propyl, R' is a lower alkyl group, X is 
the substituted acyl group -SO2R' or -COR' 
and R' is a lower alkyl group. - 
By “lower alkyl group, we mean a methyl, 

ethyl or propyl group. . 
Compounds of this class which may be used 

according to our invention areas follows: 

C.E. 
N 

CHCH,NHCOCH, 
NH 

3- (3-acetamidoethyl) -4-amino-N,N-diethylaniline 

2, CH Cs 

Y/ 

CHCHNHSOCH, 
iNH 

4-amino-N,N-diethyl-3-(B-methylsulfonamidioethyl)- 
aniline . . . 

3. Citi C:H. 
N 

to CHCH-NHCOCH 

NI 

3-(8-Acetamidoethoxy) 

-O GH, CHNHSOGH, 
H, 

4-Amino-N,N-diethyl-3-(B-methylsulfonamidoethoxy)- : 
- . . . . . . . ... -- - - - aniline: at: -., -a-. . . . . 
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The preparation of our developerS may be the residue was distilled under reduced pressure 
Summarized by the following reaction Schemes: collecting the fraction that boiled at 120-150° /2 

. Ces CH 
N/ 

NO NO NO NH N 

H 
Br NaCN SnCl CH NH (Liq) 

amps mah amp a-k on 

CH CHBr CHCN CICN CHCN Nickel 

C Cas Cs CH Cs CHs Cs CBIs 
/ NNY NY N^ YN 

(CHCO)O ONO Nicke 
re- ammo mud 

CHCHN CECHNICOCH CBCENCO C. CECHNICO CH 

NO NBI "- 

2. s. 

GIs CBI CB CH Cs CE CH CH 
/ / 

CSOC ONO H 
land ommand ammu) 

CHCHNH CHCHNHSOCH CHCHNHSocH, Nick CBCENSOCH 

NO N 
(as above in 1) 

3. O 

C CBI Cas CE & 
Y^ Y^ NEC Cs C - 

c/ Y^ C.H. C.H. 
O CCHCC O. O N 

-OH OCICICI - O- V CHCO)O och, CHN^ NHNE (CHaco): 
y OCH CENH 

C C CH CH, Cas oil, 
N N Y 

ONO milm) 
arramas Nickel 

OCHCHNICOCEI. OCCHNICOCs OCICINCO CH 

NO N 

4. 
Cas Cas Chs C C. C. CH CH 

N N N N/ 
N 

CSOC ONO ammu) 
small- arma- Nickel 

OCCHNH OCCHNSOCE O CHCHNSOCH OCH2CHNH8OC 

NO NH 

The specific compounds illustrated above were mm. This crude product was redistilled under 
prepared as follows: reduced preSSure collecting the portion that 

1. 3-(p-Acetamidioethyl)-4-amino -N,N-dieth- 65 boiled at 160-162/14 mm. This redistilled ma-. 
ylaniline was prepared from 3-nitrotoluene by terial was recrystallized from methanol and dried 
the following series of reactions. in air. Melting point 58-59. 

a. 3-Nitrobenayl Bromide-3-Nitrotoluene (5 b. 3-Nitrophenylacetonitrile.-Sodium cyanide 
moles) was heated at 1355 and bromide (5 (1.0 mole) was dissolved in 80 ml. of water. Al 
moles) was dropped in during a period of 5 70 cohol (280 ml.) was added and the mixture was 
hours. During this time the reaction mixture cooled to 20. 3-Nitrobenzyl bromide (0.8 mole) 
was exposed to the light of a 200 W clear bulb. was added and the mixture was stirred and 
The reaction mixture was cooled, dissolved in Warmed slowly to 40°. At this temperature the 
ether and the ether was dried over anhydrous heating was stopped and the exothermic reac 
sodium sulfate. The ether was evaporated and stion allowed to proceed. The temperature was 
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not allowed to rise above 60-65. After the spon 
taneous reaction was over, the reaction mixture 
was boiled for 1 hour. The alcohol was removed 
under reduced pressure and the residue was dis 
solved in 250 ml. of water plus 300 ml. of ether. 
The layers were separated, and the ether layer 
was washed with water and dried over anhy 
drous sodium sulfate. The ether was evaporated 
and the residue was distilled under reduced preS 
sure collecting the fraction that boiled at 160 
165/3 mm. The product was recrystallized from 
methanol. Melting point 61-62. 

c. 3-Aminophenylacetonitrile.-3 - Nitrophen 
yacetonitrile (0.9 mole) was added to a solution 
of stannous chloride (2.7 moles) in concentrated 
hydrochloric acid (700 ml.) The temperature 
of the reaction mixture was maintained at 35 
40, by cooling, until the exothermic reaction 
subsided. After stirring for 2 hours, the solu 
tion was made alkaline with 21. of 40 per cent 
Sodium hydroxide Solution. This mixture was 
diluted with 1 , of water and the product ex 
tracted with ether. The ether Solution was 
washed with Water, dried over anhydrous Sodia 
um sulfate and the ether Was evaporated. The 
residue was distilled under reduced pressure col 
lecting the fraction that boiled at 132-135/2 

d. 3-(N,N-Diethylamino) phenylacetonitrile.-- 
A mixture of 3-amino-phenylacetonitrile (0.75 
mole), alcohol (400 ml.), sodium carbonate (1.0 
mole), water (100 ml.) and ethyl iodide (1.8 
moles) was boiled under, reflux for 6 hours. The 
alcohol was removed under reduced pressure and 
the residue was dissolved in a mixture of Wa 
ter (500 m.) and ether (500 ml.). The ether 
layer was separated, Washed. With Water and 
dried over anhydrous sodium sulfate. The ether 
was evaporated and the residue was distilled un 
der reduced pressure collecting the fraction that 
boiled at 125-130/2 mm. - 

e. 3-(p-Aminoethyl)-N,N - diethylaniline-3- 
(N,N- diethylamino) - phenylacetonitrile (0.66 
mole) was placed in a high pressure reduction 
apparatus with liquid ammonia (250 ml.) and 
methanol (150 ml.) and hydrogenated at 110 in 
the presence of Raney nickel (10 g.) and a hy 
drogen pressure of 1500 lbs./in. The product 
was distilled under reduced pressure collecting 
the fraction that boiled at 148-150/10 mm. 

f. 3-(6 - Acetamidoethyl)-4-amino-N,N-dieth 
glaniline-3-(B-Amino-ethyl) - N,N-diethylamir. 
line (0.39 mole) was added with stirring and cool 
ing to 40 m. of acetic anhydride. The mixture 
was kept below a temperature of 50 during the 
addition and then was heated on the Steam bath 
for 30 minutes. After cooling, the Solution was 
stirred with 400 ml, of water until the excess 
acetic anhydride had decomposed. The Solution 
was made acid with 100 ml. Of concentrated hy 
drochloric acid, cooled to 0, and nitroSated by 
the addition of a Solution of 28 g. Of Sodium ni 
trite in 50 ml of water. The nitrite. Was added 
during a period of 1 hour. Stirring was con 
tinued for 1 hour longer at 0°. This Solution WaS 
further: acidified by the addition of 80 ml. Of 
concentrated hydrochloric acid and the nitroSO 
compound was reduced with 65 g. of zinc, dust. 
The zinc. dust was added in portions, with stir 
ring, while the temperature of the reaction mix 
ture was maintained at 155°. The excess zinc 
dust was filtered off and the Solution, WaS Inade: 
alkaline With 400 ml of ammonium hydroxide. 
The diamine was extracted with 600 ml. of chlo 
roform. The chloroform. Solution, Was Washed 
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6 
with water and dried over anhydrous sodium 
Sulfate. The chloroform was removed under reas 
duced pressure and the diamine was distilled un 
der reduced pressure. The portion... that boiled 
at 190-195 at 1 mm. was collected as the de 
sired product. 

2. 4-Amino - N,N-diethyl-3-((3-methylsulfon 
amidioethyl) aniline was prepared from 3- (B- 
aminoethyl)-N,N-diethylaniline by the follow 
ing method. 
A mixture of 3-((3 - aminoethyl)-N,N-diethyl 

aniline (0.36 mole) and water (150 ml.) was 
cooled to 15° and stirred vigorously while methin 
anesulfonyl chloride (0.41 mole) was dropped in 
during the course of 30 minutes. After each 
fifth of the methanesulfonyl chloride had been 
added, one-fifth of a solution of sodium hydrox 
ide (0.41 mole) in water (50 ml.) was added. The 
temperature was held at 15-20° throughout the 
addition. The mixture was stirred for 2-hours. 
at room temperature and then extracted with 
chloroform. The chloroform solution was 
washed with water, dried over anhydrous. Sodi 
um sulfate and the chloroform was evaporated 
under reduced pressure. The residue was dis 
solved in a mixture of 100 ml. of concentrated 
hydrochloric acid and 400 ml. of water, and 
nitrosated at 0° by the addition of 22.5 g. of Solid 
sodium nitrite during a period of 1 hour. The 
mixture was stirred for 1 hour at 0-5 and then 
made alkaline with ammonium hydroxide. The 
mixture was stirred thoroughly and the aqueous 
portion was decanted from the gummy product. 
The gum was washed with water anad dissolved 
in a mixture of 166 ml. of concentrated hydro 
chloric acid and 400 ml. of water. This mixture 
was cooled to 15' and Zinc dust ( mole). Was 
added in portions with stirring, keeping the ten 
perature below 20°. The excess zinc was re 
moved by filtration and the filtrate made alka 
line with ammonium hydroxide. The diamine 
was extracted with chloroform. The chloroform 
solution was Washed with watei, died. Over an 
hydrous sodium sulfate and the chlorofo1'm was 
removed under reduced pressure. The residue 
was distilled under reduced pressure. The frac 
tion that boiled at 215-220/1 mm. was collected 
as pure product. 

3. 3 - . (6 Acetamido-ethoxy) - 4 - amino - N,N- 
diethylaniline was prepared by the following 
series of reactions. 

a. 3.- (3- Chloroethioacy). --N,N-diethylaniline 
A solution of 80 g. of sodium hydroxide in 2.l. of 
water was placed in a flask and melted 3-(N,N-d. 
diethylamino)phenol (3 moles) was added with 
stirring. Ethylene dichloride (3 mols) was added 
and the mixture was heated on a steam bath for 
19 hours with stirring. At the end of this period 
the mixture was cooled and 115 ml. of 40% so 
dium hydroxide solution was stirred in. The solu 
tion was extracted twice With ether. The.. ether 
solution was washed with water, dried over an-. 
hydrous sodium sulfate and the ether was evapor 
rated. The residue was distilled under reduced 
pressure. ... The product boiled at 125-135° at. 
2 mini. 

b. N,N-Diethyl - 3 - (3 - phithalimidoethioaty) 
aniline-A mixture of 3-(5-chloroethoxy)-N,N- 
diethylaniline (1.07 mole), potassium phthalate 
(1.07 mole) and diethyleneglycol (21.) was stirred 
slowly and heated at 140-150° for 5 hours. The 
solution was poured into 1. l. of cold water and 
allowed to. stand for 10-12 hours at 0'. The 
precipitate was removed by filtration, washed: 
with alcohol and recrystallized from a mixture; of 
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850 ml. of 3A and 760 ml. of ethylacetate. The 
product melted at 127-129. 

c. 3 - (6 - Aminoeihoacy) - N,N - diethylami 
line.-A mixture of N,N-diethyl-3-((3-phthali 
mido-ethoxy) aniline (0.43 mole), 85% hydrazine 
(0.43 mole) and 300 ml. of alcohol was boiled 
under reflux for 30 minutes. The mixture was 
cooled. Somewhat and 140 ml, of concentrated 
hydrochloric acid was added. The mixture was 
then boiled under reflux for 30 minutes cooled 
and diluted with 750 ml. of water. The hydra 
aide was filtered off and the filtrate was concen 
trated under reduced pressure until the alcohol 
had been removed. The residue Was made alka 
line with ammonium hydroxide. The amine was 
extracted With ether. The ether solution was 
dried over anhydrous Sodium sulfate and the 
ether was evaporated. The residue was distilled 
under reduced pressure. The product boiled at 
135-142 at 2 mm. 

d. 3 - (3 - Acetamidioeth.Oay) - N,N- diethyl 
aniline-3 - (6 - Aminoethoxy) - N,N- diethyl 
aniline (0.07 mole) was added to 15 ml. of acetic 
anhydride and the Solution was heated on a steam 
bath for 30 minutes. The solution was stirred 
With 70 m. Of Water until the excess anhydride 
had decomposed and then was concentrated to 
a thick Syrup under reduced pressure. The syrup 
was dissolved in 150 ml. of boiling ligroin. The 
ligroin Solution Was filtered While still hot and 
allowed to cool. The crystals were removed by 
filtration and dried in air. Melting point 66.5-67. 

e. 3 - (6 - Acetamidoethioacy) - N,N- diethyl - 
4 - nitroSoaniline.-3 - (S - Acetamidioethoxy) - 
N,N-diethylaniline (0.07 mole) was dissolved in 
140 ml. of Water and 21 ml. of concentrated hy 
drochloric acid. The Solution was cooled to 0° 
and nitroSated with a solution of 5.0 g. of sodium 
nitrite in 35 ml. of water. After standing at 0° 
for 20 minutes the reaction mixture was made 
alkaline with ammonium hydroxide and the 
nitroSO compound was extracted with chloroform. 
The chloroform solution was dried over anhy 
drous Sodium sulfate and then the chloroform 
was removed under reduced pressure keeping the 
temperature of the nitroso compound at 20-25°. 
The nitroSO compound after recrystallized from 
benzene melted at 124-124.5°. 

f. 3 - (f3 - Acetamidioethoacy) - 4 - amino-N,N- 
diethylamiline.-3 - (B - Acetamidioethoxy) - N,N- 
diethyl-4-nitroSoaniline (0.06 mole) and 50 ml. 
of absolute alcohol were placed in a Parr hydro 
genation apparatus and reduced in the presence 
of Raney nickel at a temperature of 60 and a 
hydrogen pressure of 3 atmospheres. 
lyst was removed by filtration and the alcohol was 
evaporated under reduced pressure. The residue 
Was distilled under reduced pressure. The por 
tion that boiled at 112-114 at 1 mm. was diluted 
With 25 ml. of petroleum ether. After standing 
at 0 for 16 hours, the product Was filtered off and 
dried in a vacuum desiccator. Melting point 
50-51. 

4. 4 - Amino - N,N- diethyl - 3 - (6 - methyl 
Sulfonamidoethoxy)-aniline was prepared from 
3-(p-aminoethoxy)-N,N-diethylaniline by the fol 
lowing method. 

, a... N,N-Diethyl - 3 - (B - methylsulfonamido 
ethoacy) aniline.-A mixture of 3 - (6 - amino 
ethoxy)-N,N-diethylaniline (0.1 mole) and 40 ml. 
of Water was cooled to 15-20 and stirred while 
9 ml. of methanesulfonyl chloride was added 
slowly. After each quarter of the acid chloride 
had been added, one-fourth of a solution of 4.5 g. 
of sodium hydroxide in 15 ml, of water was added, 
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The temperature of the reaction mixture was 
maintained at 15-20 during the reaction. After 
stirring at 20 for two hours, the precipitate was 
removed by filtration and recrystallized from 110 
ml. Of 45% aqueous alcohol. Alter drying in air, 
the product melted at 70-72. 

b. N,N- Diethyl - 3 - (B - methylsulfonamido 
ethoacy) - 4 - nitroSoaniline.-A solution of N,N- 
diethyl - 3 - (6 - methylsulfonamidoethoxy) 
'aniline (0.058 mole) in 50 ml. of Water and 17 ml. 
of concentrated hydrochloric acid was cooled to 
0 and nitroSated by the addition of a Solution of 
4. g. of sodium nitrite in 15 ml. of water. The 
solution was stirred at 0 for 20 minutes, diluted 
With 50 ml. of water and made alkaline with 
ammonium hydroxide. The precipitate was re 
moved by filtration and recrystallized from 100 
ml. of 50% aqueous alcohol. The product was 
dried in air. 

c. 4-Amino-N,N-diethyl - 3 - (6-methylsulfon 
amidoethoacy) aniline-N,N - Diethyl - 3 - (6- 
methylsulfonamidioethoxy) - 4 - nitroSoaniline 
(0.0364 mole) and 75 ml. of absolute alcohol 
Were placed in a Parr hydrogenation apparatus 
and reduced in the presence of Raney nickel at 
a temperature of 60° and a hydrogen pressure of 
3 atmospheres. The catalyst was removed by fil 
tration and the filtrate was concentrated to a 
Syrup under reduced pressure. The residue was 
recrystallized from aqueous alcohol. The prod 
luct, dried in a vacuum desiccator, melted at 
89-9. 
When used for the formation of colored photo 

graphic images, the developers of our invention 
may be used in conjunction with any well-known 
couple compounds such as those described in 
Fisher U. S. Patent 1,102,028, granted June 30, 
1914, Mannes and Godowsky U. S. Patent 
2,108,602, granted February 15, 1938, or Mannes, 
Godowsky and Peterson U. S. Patents 2,115,394, 
granted April 26, 1938 and 2,126,337, granted 
August 9, 1938. - 
The following example illustrates a developing 

Solution which may be used according to our in 
Vention. 

A. 4 - Amino - N,N- diethyl - 3 - (B - methyl 
Sulfonamidoethyl) aniline ----- grams-- 2.5 

Sodium sulfite ------------------- do---- 2 
Sodium carbonate ----------------(do---- 30 
Potassium bromide ---------------do---- 2 
Water to liter 

B. Coupler (o-phenylphenol) ------- grams-- 2 
Sodium hydroxide (10% solution) --cc---- 20 

For use, B is added to A. 
The developing agents described in the present 

application may be used to form photographic 
images by development of exposed silver halide 
contained in the usual gelatin carrier or in car 
riers such as collodion, water-permeable cellulose. 
ester or Water-permeable synthetic resins. Our. 
developing agents may be used with photographic 
films containing the coupler in the emulsion layer 
as described in Mannes and Godowsky U.S. Pat 
ent 2,304,940, granted December 15, 1942 or Jelley 
and Vittum U. S. Patent 2,322,027, granted June 
15, 1943. When used in this way, a developing 
Solution similar in composition to Part A in the 
above example is suitable. 

It Will be understood that the examples in 
cluded herein are illustrative only and that our 
invention is to be taken as limited only by the 
Scope of the appended claims. 
We claim: - 

. . A photographic silver halide developing solu 
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tion comprising as the developing agent a con 
pound of the group consisting of 

R R 

YN/ 

CHCHNIX 

N 

and 
R 

N/ 
- 

OCHCHNHX 

NE 

where R and R' are lower alkyl groups, X is 
Selected from the class consisting of -SO2BR' 
and -COR' groups, and R' is a lower alkyl 
group, and a compound which couples with the 
oxidation product of the developing agent to form 
a colored image. 

2. A photographic silver halide developing solu 
tion which contains, as a developing agent, a 
substantial amount of 3-((3-acetamidoethyl)-4- 
amino - N,N- diethylaniline, and a compound 
which couples with the Oxidation product of the 
developing agent to form a colored image. 

3. A photographic silver halide developing Solu 
tion which contains, as a developing agent, a sub 
stantial amount of 4-amino-N,N-diethyl-3-(g- 
methyl-sulfonamidoethyl)-aniline, and a com 
pound which couples with the Oxidation product 
of the developing agent to form a colored image. 

4. A photographic silver halide developing Solu 
tion which contains, as a developing agent, a sub 
stantial amount of 3-(6-acetamidoethoxy)-4- 
amino-N,N-diethylaniline, and a compound which 
couples with the oxidation product of the develop 
ing agent to form a colored image. 

5. A silver halide developing solution for pro 
ducing a colored photographic image comprising 
a developing agent having the formula: 
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-CHCENIX 

NE 

where R and R' are lower alkyl groups, X is 
Selected from the class consisting of -SO2R.' 
and -COR' groups, and R' is a lower alkyl 
group, and a compound which couples With the 
Oxidation product of the developing agent to form 
a colored image. 

6. A silver halide developing solution for pro 
ducing a colored photographic image comprising 
a. developing agent having the formula: 

-OCH, CH,x 
NE 

where R and R' are lower alkyl groups, X is 
selected from the class consisting of -SO2R.' 
and -COR' groups, and R''. is a lower alkyl 
group, and a compound which couples with the 
oxidation product of the developing agent to form 
a colored image. 

ARNOLD WEISSBERGER. 
DUDLEY B. GLASS. 
PAUL w. VITTUM. 
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