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S 1’;iIt‘r of a progi’ani of preparing superior light- m d  gas- 
fast dyes for cellulose acetate, a considerable number of 

azo anti mthraquinone dyes vihich contain fluorine have been 
prepared. The effect of fliiorinc substitution on the color aiid 
fastness of monoazo dyes and the synthesis of their intermediates 
have becn described (14 ,  15) .  

This paper describes the synthesis of tu-o series of dyes ivhich 
iilustrate the effect’ of fluorine atoms in the alkylamino group of 
alkylamiiioanthraquiiioiiea and of a trifluoromethyl group in 
the 2- position on the niicleus of aminoanthracluinones. In 
general, substituted amiiioarithraquiriones are excellent dyes 
for cellulose acetate, giving bright, piiilr to blue colors. 1Iany 
(~ i ’  Iliede fluorinated aminoaiithraciuinoiie dyes have much better 
fnstness to gas and light thaii the corresponding unfluorinated 
rumpounds. However, this property is not so general as to 
\varra.nt the conclusion that all fluorinated anthraquinone dyes 
have esccllent gas and light fastness. The dyes discussed 
have i - ~ e n  described in patents from this laboratory (4-8,11-15). 

Other types of anthraquinone dyes containing trifluoromethyl 
groups were developed by I. G. Farbeiiindust,rie in the late 1930’s. 
These included vat dyes derived froin iiidanthrone, iiidanthrene, 
dibenzanthrorie, and dibenzopyr quinone, as well as the 
trifluorobenzoyl and t r i f l i ioroethos?- l )~i i~~~-l  derivatives of am- 
iiioantliriliiuinones (16 ,  17, 19, %$). 

First series was made by reaction of 
fluoroalkylamines with leucoquinizarin 

The first series comprises iiieilimn-hi.iglit, pink to violet dyes con- 
taining fluoroalkylamino groups. They were prepared by reac- 
tion of leucoquinizarin (1, ~,0,10-aiithrstetiol) vit,h several 
fluoroalkylamines and oxidizing the resulting leuco dyes to  
1-fluoroalk3rlamino-i-hydroxyaiithraciniriones. For example: 

01-1 OH 

The use of excess amine and higher temperatures yields the 1 ;I- 
bis(fluoroalkylamirio)anthraquinones, which are bluer dyes but 
have poorer dyeing and fastness properties. The fluoroallryl- 
amines used in preparing this series of dyes n-ere CF’,CH?NH,, 

CH,NH,, and CHsCF,( CH2)sK€I,. Another amine, CF~CHZ- 
CH,TH,, was prepared but not converted to  the dye. 

The effect of these various fluoroalkyl groups on the color and 
fastness properties of the dyes is shown in Table I. The general 
formula of the dyes is given a t  the top of the table. The fluoro- 
alkyl groups are listed in the order that the color of the corre- 
sponding dye shifts from pink to violet-that is, shifts the a,b- 

1 Present address, Eastman Chemical Products, Ino., 260 Madison Are. ,  
New P o r k  16, S. Y .  

2 Present address. Eastman Iiodrtk Co., Rochester, N. Y .  

CHFpCHqSEI,, CFa(CHs)CI-IKHz, CEIFpCHZCI12KH2, CHDCF2- 

sorptioii maximum to a longer wave length. The groups R-11, 
C2Hs, and CH,CH,OH are included for comparison with the 
groups containing fluorine. 

Table I. Effect of N-Flworoalkyl Groups on Color and 
Fastness 

li 
I 

0 v-R 

Fastness 
~ -___ ~_. - 

Color Light Gas 

Pink-violet Good Good 
Violet,-bliie Good Fair 
T‘iolet-blue Good Fair 

Time fluorinated dyes vary in fastness to gas and light, being 
generally superior in these respects t,o the unfliiorinated dyes in 
the case of 2-fluoroalkyl groups and about equal when fluorine 
subst,itution is on the 3- or 4- carbon of the alkyl group. They 
also have good exhaustion, give level dyeing, and are resistant 
to rroclcing and subliination. Like all anthraquinone dyes, 
they discharge to  a brown color rather than white. 

From a study of the aeries of Table I the following observations 
ran be made. 

1. As the number of fluorine atoms on a siugle carbon atom 
is increased (2,2-difluaroethy1 to 2,2,2-trifluoroethyl), the color 
shifts from red-violet to pink-violet. 

As the distance from fluorine to nitrogen is increnied- 
for example, Erom 2,2-difluoroetliyl to 4,4-difluoropentyl-- the 
color shifts from red-violet tov:ard khe ,  t.he color of unfluoriiinted 
allrylaniinoant,hraquirlone dyes. 

Dyes containing the ethyl or 2-hydrosyethyl group are 
bluer than those containing the 3,3-difluoropropyl or 4,4-difluoro- 
pentyl group. 

4. The 2,2,2-trifluoroethyl, 2,2-difluoroethyl, and 1-( tri- 
fluoromethy1)ethyl groups confer excellent light and gas fast- 
ness upon the dyes, being decidedly superior to the unfluorinated 
ethyl group in this respect. The 2,2-difluoropropyl and 3,3- 
difluoropropyl groups me about equal to the ethyl group in 
effect of light fastness, whereas the 4,bdifluoropentyl group is 
inferior. 

Fluoroallrglamines. Some of the fluoroalkylamines used in 
preparing the N-fluoroalkylaminoanthraquinone dyes are new 
compounds, but the others have been described. 2,2,2-Trifluoro- 
ethylamine has been prepared by reducing trifluoroacetonitrile 
over a platinum catalyst (18)  and by reaction of 2-chloro-l,l,l- 
trifluoroethane with ammonium hydroxide in an autoclave (3). 

2. 

3 .  
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2,Z-Difluoroethylamine has been prepared by reaction of 1,l- 
difluoro-2-iodoethane with alcoholic ammonia in a sealed tube 
(26). 

In general, the fluoroalkylamines which are new compounds 
were prepared by reaction of a fluoroalkyl bromide or chloride 
with 28% ammonium hydroxide in a rocking autoclave a t  tem- 
peratures ranging from 100" to 195" C., depending on the reac- 
tivity of the fluoroalkyl halide. The necessary fluoroalkyl 
halides were prepared as described in a previous paper (14) .  

C H F ~ C H ~ C H ~ B T  + SH40H 4 CHFQCH2CHtNH2 (2) 

The fluoroalkyl bromides reacted with ammonia a t  lower tem- 
peratures or in less time than the chloride, and those halides with 
fluorine in the 2- position were made less reactive than those with 
fluorine in the 3- or 4- position. 3,3,3-Trifluoropropylamine 
was prepared by direct amination of 3-chloro-l,l,l-trifluoropro- 
pane and by hydrolysis of N-(3,3,3-trifluoropropyl)phthalimide. 
2,2,2-Trifluoro-l-(methyl)ethylamine was prepared by the Raney 
nickel reduction of the corresponding oxime, a known compound 
prepared from trifluoroacetone (26). 

The fluoroalkylamines are low-boiling, mobile, colorless liq- 
uids with typical amine odors. Increasing the number of 
fluorine atoms from two to three in a fluoroalkylamine lowers the 
boiling point 25" to 30" C., even though the molecular weight 
is increased. This effect of the number and position of fluorine 
substitution on the boiling points of the fluoroalkylamines is 
shown in Figure 1. 

Second series contains trifluoromethyl 
group in the anthraquinone nucleus 

Dyes containing a trifluoromethyl group in the 2- position of 
the anthraquinone nucleus were prepared by refluxing l-amino-4- 
bromo-2-trifluoromethylanthr~quinone (12)  with an o- or p-  
(hydroxypo1yethoxy)aniline in amyl alcohol in the presence of 
potassium acetate and a little cupric sulfate for 1.5 hours. For 
example: 

0 NHz 
/I I 
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O Br 
0 KH2 (3 

These dyes give bright shades of blue on cellulose acetate and 
have excellent light fastness and good gas fastness. The (hy- 
droxypo1yethoxy)anilines contribute to good affinity and to 
depth and brightness of dyeing, being superior to  aniline and 
N-alkylanilines, which give dull and weak dyes for cellulose ace- 
tate. The CF3 group contributes to light and gas fastness, the 
dyes being superior to the corresponding dyes having a CN, 
CONI€,, or S02CH3 group in the 2- position. 

The depth and brightness of these dyes are influenced greatly - I _  

by the (hydroxypo1yethoxy)aniline used, being a t  a maximum 
for p-ihvdroxvtetraethoxvhiline. The deuth and brightness . "  " .  - 
decrease regularly as the hydroxytriethoxy-, hydroxydiethoxy-, 
and h ydroxyethoxy-substituted anilines are used. 

The effect of the CF, group in the 2- position compared with 
that of CONHZ, CN, SOZCH,, SCH3, and CH3 groups on fastness 
properties is shown in Table 11. Also shown is the effect on depth 
and brightness of varying the hydroxypolyethoxy group. 

Table II. Effect of CF3 Group on Color and Fastness 

Hydroxypoly- 
ethoxy Group Bright- Fastness 

R x Isomer ness Color Light Gas 
C F a  4 Para  Excellent Deep blue Excellent Good 

Excellent Good c F a  3 Para Verygood Light blue 
CF. 3 Ortho Good Light blue Good Good 
CONHz 8 Para  Very good Deep blue Good Fair 
C N  3 Para Fair Light blue-green Good Good 
SOiCH3 3 Para Poor Weak, gray-green Fair  Good 
SCHa 3 Para  Fair Dull, deep blue Good Fair 
CHa 2 Para  Poor Dull, weak Good Fair 

violet-blue 

The following observations can be made conrerning the dyes 
listed in Table 11. 

1. Dyes containing the CFI group are comparable to the dye 
containing the CONHZ group in brightness of color and are su- 
perior in fastness to  light and gas. 

Dyes containing the CF3 group are generally superior to 
those containing the CN, S02CH3, SCH,, and CH3 groups in 
depth and brightness of color and in fastness. 

The dye containing both the CF3 and a p-(hydroxytetrn- 
ethoxy)anilino group is a much brighter and deeper blue than the 
corresponding dyes containing a p-  or o-( hydroxytriethoxy)- 
anilino group. 

The intermediates leading to l-amino-4-bromo-2-trifluoro- 
methylanthraquinone were made in good yields from %methyl- 
anthraquinone. The latter was first chlorinated in the 1- position 
of the ring and then in the side chain to yield 1-chloro-2-trichloro- 
methylanthraquinone, which was fluorinated to form l-chloro- 
2-trifluoromethylanthraquinone ($5). Amination of the latter, 
followed by bromination, yielded l-amino-4-bromo-2-trifluoro- 
methylanthraquinone ( I d ) .  

The corresponding intermediates for dyes with groups other 
than CF, in the 2-position were prepared by similar methods. 

2. 

3. 

l-Amino-4-bromo-2-methylanthraquinone was obtained by bro- 
minating 1-amino-2-methylanthraquinone (%O). l-Amino-4- 
bromo-2-( methy1thio)anthraquinone was prepared by brominat- 
ing l-amino-2-(methylthio)anthraquinone (ZW), and l-amino-4- 
bromo-2-methylsulfonylanthraquinone was prepared by oxidizing 
the 2-methylthio compound. 

The dyes with a cyano group in the 2- position were made 
from the corresponding 2-bromo dyes ( I O )  by treating them with 
cuprous cyanide (9). The dyes with an amide group in the 2- 
position were made by hydrolyzing the corresponding cyano 
compound (91). 

The o- and p-(hydroxypo1yethoxy)anilines mere prepared by 
first making l-chloro-2(or 4)-nitrobenzene react with the mono- 
sodium salt of the desired polyethylene glycol [NaO(CzH40),H] 
in excess glycol as previously described, then reducing the nitro 
compound (6, fa). 

Preparation of N-Fluoroalkylaminoanthraquinone Dyes. 1- 

mixture of 35.8 grams (0.14 mole) of quinizarin, 14.5 grams (0.26 
mole) of leucoquinizarin, and 24.8 grams (0.25 mole) of 2,2,2- 
trifluoroethylamine in 400 ml. of butyl alcohol was placed in a 
stainless steel, rocking autoclave and heated a t  150' to  160' C. 
for 8 hours. 

HYDROXY-4-(2,2,2-TRIRLUOROETHYLAMINO)A~THRAQUI~ONE. A 

The reaction mixture was transferred to a flask and any excess 
amine was removed by heating. Then 200 ml. of butyl alcohol 
was added, and the leuco dye was oxidized by passing in air 
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m-hile refluxing the mixture for 6 hours. About half of the but~yl 
alcohol was distilled off, and the residue was poured into about 12 
volumes of water. The dye was collected on a filter and ivashed 
ni th  hot water. The yield of crude dye was 62 grams (97%), 
melting point 135-143 C. Cryst,allization from xylene yielded 
40.7 grams (63%) of dye, melting point 158-160" C. 

The leuco dye can also be oxidized by adding 40 ml. of mater to 
the reaction mixture in butyl alcohol, adding 61.6 grams (0.4 
mole) of sodium perborate tetrahydrate portionwise, and finally 
heating on a steam bath with stirring for 3 hours. 

Analysis. Calculated for ClsH,,F,N03: K, 4.3. Found: 4.2. 

mixture of 2.42 grams (0.01 mole) of leucoquinazarin and 0.86 
gram (0.0105 mole) of 2,2-difluoroethylamine in 15 ml. of et,hyl 
alcohol was refluxed for 20 hours. A few drops of piperidine 
and a few crystals of cupric acetate were added, then air was 
bubbled into the solution for 7 hours during heating on a steam 
bath. The reaction mixture mas then cooled and filtered to yield 
2.7 grams (89%) of dye, melting point 131-135" C. Crystal- 
lization from butyl alcohol raised the melting point to 141-142' C. 

Analysis. Calculated for CIBHIIF&OS: K, 4.6. Found: 4.8. 

ture of 2.42 grams (0.01 mole) of leucoquinizarin and 2.03 grains 
(0.025 mole) of 2,2-difluoroethylamine in 20 ml. of amyl alcohol 
was heated in a seaIed tube a t  125' to 135' C. for 6 hours. The 
reaction product was then placed in a flask, treated with a few 
drops of piperidine and a few crystals of cupric acetate, and 
oxidized with air for 7 hours while being heated on a steam bath. 
The mixture was cooled and filtered to obtain 2.8 grams (77%) 
of product melting a t  185" to 210" C. 

The crude product was successively extracted with boiling ethyl 
alcohol, amyl alcohol, and carbon tetrachloride to remove 
l-(2,2-difluoroethylamiiio)-4-hydroxyanthraquinone. The resi- 
due of 1,4-bis(2,2-difluoroethylamino)anthraquinone melted at  

..inalysis. Calculated for C18H1,F&,02: K, 7.7. Found: 7.6. 

mixture of 2.42 grams (0.01 mole) of leucoquinizarin and 1.14 
grams (0.012 mole) of 2,2-difluoropropylamine in 40 ml. of butyl 
alcohol was refluxed for 7 hours, then cooled and treated with 
5 ml. of water and 2.31 grams (0.015 mole) of sodium perborate 
tetrahydrate. The reaction mixture was then heated for 2 
hours, cooled, and poured into 600 ml. of hot water. The 
aqueous mixture was heated to remove part of the butyl alcohol, 
then cooled and filtered. The yield of crude, air-dried dye was 
1.9 grams (60%), melting point 112-130' C. Crystallization 
from ethyl alcohol gave 0.75 gram of purified dye, melting point 

Analysis. Calculated for C I ~ H I ~ F Z N O ~ :  N, 4.4. Found: 4.2. 

AMISO IANTHRAQUISONE. A mixture of 2.42 grams (0.01 mole) 
of leucoquinazarin and 1.41 grams (0.0125 mole) of 2,2,2-tri- 
fluoro-1-(methy1)ethylamine in 20 ml. of butyl alcohol was 
heated in a sealed tube for 24 hours a t  150" C. The reaction 
mixture was then placed in a three-necked flask, treated with 3 
ml. of water and 2.31 grams (0.015 mole) of sodium perborate 
tetrahydrate portionwise, and stirred a t  90" to 95" C. for 3 
hours. The mixture Tyas poured into 400 ml. of hot water, 
stirred until cold, then filtered. The product was washed with 
m-ater and dried. The yield was 2.5 grams (75%) of dye which, 
after crystallization from xylene, melted at  143-145' C. 

mixture of 1.2 grams (0.005 mole) of leucoquinizarin and 0.5 
gram (0.0053 mole) of 3,3-difluoropropylamine in 50 ml. of butyl 
alcohol was refluxed for 18 hours. Then 5 ml. of water and 1.2 
grams of sodium perborate tetrahydrate were added. The 
mixture was refluxed for 1 hour, then poured into 1 liter of dilute 
(5 to  10%) hydrochloric acid. The product was filtered and 

~ - ( ~ , ~ - ~ I F L U O R O E T H Y L A B I I I I ' O ) - 4 - H Y D R O X Y ~ S T H R , 4 Q ~ I S O S ~ .  -4 

1,~-BIS(2,2-DIFLGOROETI-IYL.~R~ISO)ASTHRAQUI~ONE. -4 mix- 

242-243" C. 

~ - ( ~ , ~ - ~ I F L ~ O R O P R O P Y L . 4 ~ ~ I ~ O ) - 4 - H Y D R O X Y A ~ ~ € ~ R A Q U I ~ O ~ E .  A 

135-138' C. 

1 - HYDROXY - 4 - [2,2,2 - TRIFLUORO - 1 - (MET€IYL)ETBYL-  

~-(3,3-~IFL~OROPROPYL.4~~I~O)-4-HYDROXY.4~THRAQUI~O~E. 

mashed with water. 
alcohol 

mixture of 1.4 grams (0.0058 mole) of leucoquinizarin and 0.75 
gram (0.006 mole) of 4,4-difluoropentylaniine in 20 ml. of butyl 
alcohol was refluxed with stirring on a steam bath for 17 hours. 
The mixture n-as cooled somewhat, treated with 3 ml. of water 
and 1.34 grams (0.0087 mole) of sodium perborate tetrahj-drate 
in portions, then heated for 3 hours with stirring. The reaction 
mixture was poured with stirring into hot water, stirred for about 
an hour, then filtered. The someTT hat tacky product vas  crys- 
tallized from 50 ml. of ethyl alcohol to yield 0.85 gram (43%) of 
dye, melting point 128-130" C. 

Analysis. Calculated for C ~ Q H I ~ F Z K O ~ :  X, 4.1. Found: 3.8. 

The crude dye  vas crystallized from butyl 

l - ( 4 , 4 - D I F L U O R O P E S T Y L A J I I I I T O ) - ~ - H Y U R O X .  -4 

CFjCHzNHz 
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- 1  I I I '  I 

8. P I  'C , AT ATM PRESS 

Figure 1 .  Boiling points of fluoroalkylamines 

Preparation of Fluoroalkylamines. ~ ,~,~-TRIFLUOROETHYL- 
ARIIKE (3,  18). A rocking autoclave cont,aining 450 grams (7.4 
moles) of 28% ammonium hydroxide and 1 gram of Nacconol 
NR was cooled to -20' C. in a dry ice bath. To  this solution 
was added 134 grams (1.13 moles) of 2-chloro-l,l,l-trifluoroeth- 
ane (boiling point 6' C.), similarly cooled. The autoclave was 
shaken and heated a t  185-190" C. for 29 hours. It mas then 
cooled to  room temperature and finally in ice to 0" to 5" C. 

The reaction mixture was transferred to a cooled, 2-liter, round- 
bottomed flask, using a little ice water for rinsing. The flask was 
fitted with a 2-foot packed column and a still head which led in 
turn to a water-jacketed condenser and receiver, a large, ice- 
cooled test tube, and a dry ice-cooled condenser and receiver. 
The crude amine ~ a a  collected a t  28" to 50" C., the major part 
distilling a t  33' to 38' C. The distillate consisted of 48 grams 
in the water-cooled receiver, 5 grams in the ice-cooled test tube, 
and 75 grams in the dry ice-cooled receiver. Of the 75 grams, 
two thirds was liquid ammonia, which was evaporated at, 0" C. 
to leave 26 grams of residuc. The combined 79 grams of crude 
amine, containing some ammonia and wat'er, was dried over 
potassium hydroxide, then fractionated over potassium hydroxide 
through a packed column. There was no forerun or residue, and 
59 grams (53'%) of 2,2,2-trifluoroethylamineJ boiling point 
35-36' C., was obtained. 
4 similar experiment using 2-hromo-1,lJ 1-trifluoroethane (1 4) 

and heating for 31 hours a t  185" C. gave a 55% yield of amine. 
~ , ~ - D I F L V O R O E T H Y L A ~ H E  (35). A mixture of 173 grams (1.72 

moles) of 2-chloro-l,l-difluoroethane (14)  and 630 grams (10.1 
moles) of 28% ammonium hydroxide was heated in a rocking 
autoclave at  135" to 140' C. for 31 hours. The.autoclave was 
cooled, and the contents were removed and filtered. The am- 
monia-amine filtrate was then carefully distilled through a 10- 
plate, helix-packed column with an efficient condenser and 
water-jacketed receiver. The receiver in turn led to  an ice- 
salt trap to condense any amine that n-as carried over by en- 
trainment .iTTith ammonia. The distillate ( 3  04 grams), which 
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contained considerable ammonia and some water, was then dried 
over solid sodium hydroxide and redistilled. The yield of 
2,2-difluoroethylamine, boiling point 68-69' C., was 91.7 grams 
(65%). 

Similar experiments heating 223 grams (1.54 moles) of 2- 
bromo-1,l-difluoroethane with 560 grams (9.2 moles) of 28% 
ammonium hydroxide a t  125" C. for 24 hours yielded 65 to  82 
grams (52 to 65%) of 2,2-difluoroethylamine, boiling point 
68-69" C., and 4 to 6 grams (5%) of 2,2,2',2'-tetrafluorodi- 
ethylamine, boiling point 122-123' C. 

A mixture Of 130 grams (0.82 
mole) of l-bromo-3,3-difluoropropane (14)  and 295 grams (4.8 
moles) of 28% ammonium hydroxide was heated in a rocking 
autoclave at 110' to 120' C. for 24 to  26 hours. The reaction 
mixture was then neutralized by pouring into 500 ml. of a mixture 
of ice and concentrated hydrochloric acid. The strongly acid 
solution was filtered, and the filtrate was evaporated to  dryness 
under vacuum on a steam bath. 

The dried residue was extracted with eight 200-ml. portions of 
boiling absolute ethyl alcohol and the hot solutions were de- 
canted through a suction filter to  remove the soluble amine 
hydrobromide from the ammonium bromide. The combined 
filtrates were concentrated to dryness under vacuum. The 
residue of amine hydrobromide was cooled in an ice bath and 
neutralized with an excess of 50% potassium hydroxide solution. 
This mixture was then extracted with four 250-ml. portions of 
ether to dissolve the liberated amine. The ether solution was 
dried over potassium hydroxide and the solvent was distilled. 

Fractionation of the crude amine through a packed column 
yielded 19.9 g r a m  (26%) of 3,3-difluoropropylamine, boiling 
point 92-94' C., n% 1.3650, and 12.8 g r a m  (18%) of 3,3,3',3'- 
tetrafluorodipropylamine, boiling point 91-94' C. (50 mm.), 
n? 1.3744. 

Analysis. Calculated for C3H7F2N; C, 37.9; H, 7.4: N, 
14.7. Found: C, 36.8; H, 7.9; N, 13.7. Calculated for 
CBHllFIN: C, 41.6; H, 6.4; N, 8.1. Found: C, 42.0; H, 
6.6; N, 7.9. 

A mixture of 79.5 grams (0.5 
mole) of l-bromo-2,2-difluoropropane ( I C ) ,  180 grams (3.0 
moles) of 28% ammonium hydroxide, and 200 ml. of ethyl 
alcohol was heated in a rocking autoclave a t  135' C. for 19 hours, 
then a t  150' C. for 29 hours. The contents were poured into 
an excess of a mixture of ice and concentrated hydrochloric acid. 
The ethyl alcohol and hydrochloric acid were removed under 
reduced pressure from the residue of ammonium bromide 
and amine hydrobromide. The amine hydrobromide was ex- 
tracted from the ammonium bromide with absolute ethyl alcohol. 

The solution of the amine hydrobromide in ethyl alcohol was 
evaporated to dryness under reduced pressure. The dry salt 
was treated with a solution of 200 grams of potassium hydroxide 
in 170 ml. of water dropwise and then the flask was heated in an 
oil bath to  distill off the free amine. The amine distilled at 45' 
to  83" C., mainly a t  65" to 75" C. The crude product (11 grams) 
was dried over potassium hydroxide and redistilled to yield 
8.2 grams (17%) of 2,2-difluoropropylamine, boiling point 
76-77' C., ng 1.3622. 

autoclave, cooled in dry ice, was placed a precooled mixture of 
30 grams (0.27 mole) of trifluoroacetone, 18.8 grams (0.27 mole) 
of hydroxylamine hydrochloride, and a solution of 22 grams 
(0.27 mole) of sodium acetate in 100 ml. of water. The auto- 
clave was heated a t  90' to  100' C. for 6 hours. The reaction 
mixture, which consisted of an aqueous and an oily phase, was 
cooled and extracted with ether. The ether extract was dried 
over Drierite and distilled. The product consisted of 24 grams 
(70%) of the oxime, boiling point 90' to  106" C. [This wide 
boiling range was due to  inadequate drying; Swarts (96) re- 
ported a boiling point of 102.5-103' C. for the pure, dry oxime. ] 

B. The oxime (24 grams, 0.189 mole) was hydrogenated in 

3,3-DIFLUOROPROPYLAMIKE. 

2,2-DIFLUOROPROPYLAiINE. 

2,2,2-TRIFLUORO-1-(METHYL)ETHYLAMINE. A. In  a rocking 

ether solution in a rocking autoclave with Raney nickel a t  60" C. 
for 15 hours a t  2000 pounds per square inch. The pressure drop 
was 117 pounds per square inch (calculated 132 pounds per square 
inch). The ether solution was dried aver Drierite and filtered. 
Treatment of the filtrate with a solution of hydrogen chloride in 
ether yielded 8 grams (30%) of amine hydrochloride, which was 
crystallized from an ethyl alcohol-ether mixture. The salt sub- 
limed but did not melt. 

Analysis. Calculated for C3H0C1F3N: C, 24.4; H, 4.7; 
N, 9.4. Found: C, 24.3; H, 4.6; N, 9.3. 

The crystallized amine hydrochloride (5.9 grams, 0.039 mole) 
was treated in a distillation apparatus with 50 grams of cold 50% 
sodium hydroxide solution. Distillation yielded a fraction, 
boiling point 46-48" C., which was redistilled over sodium 
hydroxide to obtain 3.3 grams (7501,) of 2,2,2-trifluoro-l-(niethyl)- 
ethylamine, boiling point 46-47' C., ng 1.3210. 
3,3,3-TRIFLUOROPROPYLAMINE. A. A mixture Of 24.3 grams 

(0.18 mole) of 3-chloro-l,l,l-trifluoropropane (14)  and 37.0 
grams (0.20 mole) of potassium phthalimide was heated in 
sealed tube in a rocking autoclave a t  180" to  200" C. for 20 hours. 
The brown, crystalline solid obtained was washed with hot water 
and dried. 

A portion of the N-(3,3,3-trifluoropropyl)phthalimide which 
was recrystallized twice from ligroin melted a t  112-113" C. 

Analysis. Calculated for CllHBF3N02: C, 54.3; H, 3.3; 
N, 5.8. Found: C, 54.5; H, 3.3; N, 5.9. 

The crude product was heated with concentrated hydrochloric 
acid in a sealed tube in a rocking autoclave for 24 hours a t  
200' C. The resulting mixture of brown needles and liquid was 
treated with warm water and filtered. The filtrate was evapo- 
rated to dryness, and the resulting amine hydrochloride wa2 cov- 
ered with ether and treated with 50% potassium hydroxide 
solution. Distillation of the ether solution yielded a small 
amount of 3,3,3-trifluoropropylamine, boiling point 67 O C., ng 
1.3316. 

Analysis. Calculation for C3H8F8N: N, 12.4. Found: N, 
11.7. 

B. A mixture of 19.9 grams (0.15 mole) of 3-chloro-l,l,l- 
trifluoropropane (14)  and 54 grams (0.9 mole) of 28% ammonium 
hydroxide was heated in a sealed tube in a rocking autoclave a t  
175' C. for 24 hours. The reaction mixture was then acidified 
and evaporated to  dryness. The residue was extracted several 
times with ethyl alcohol, and the alcohol was then removed 
to obtain the amine hydrochloride. The salt was covered 
with ether and treated with 50% potassium hydroxide solution. 
Distillation of the ether solution yielded a small amount of 3,3,3- 
trifluoropropylamine, boiling range 55" to 75" C., ny; 1.3378. 

mole) of l-chloro-4,4-difluoropentane (14) and 252 grams (5 
moles) of 280/, ammonium hydroxide was placed in a rocking 
autoclave and heated a t  110" to 120" C. for 22 hours. The reac- 
tion mixture was filtered and then distilled through a packed 
column. The distillate (23 grams) collected from 60" to 100" C. 
was saturated with potassium hydroxide. The upper layer 
which separated was distilled over barium oxide to obtain 15 
grams (18%) of 4,4-difluoropentylamine, boiling range 125" 
to 130" C., n? 1.3864. Further distillation of the original aque- 
ous reaction mixture caused the .team distillation of 3 grams 
of a heavy, yellow oil. This oil was dried over potassium hy- 
droxide and distilled over barium oxide. A forerun, boiling 
range 131" to 170' C., and a fraction, boiling range 190" to 
240' C., n?,$ 1.3920, were obtained. The latter was presumably 
4,4,4',4'-tetrafluorodipentylamine. 

Preparation of 2-Trifluoromethylanthraquinone Intermediates 

ture of 1200 grams (5.4 moles) of 2-methylanthraquinone, 1250 
grams (9.2 moles) of sulfuryl chloride, and 37.5 grams of iodine 
in 1660 ml. of dry nitrobenzene was heated with stirring on a 
steam bath for 18 hours under an efficient condenser. The con- 

4,4-DIFLUOROPEiYTYLAMINE. A mixture Of 99.8 grams (0.7 

and Dyes. l-CHLORO-2-METHYLAXTHRAQUINONE (ds) .  A mix- 
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PRODUCT AND PROCESS DEVELOPMENT 

denser xas  then removed and the excess sulfuryl chloride mas 
evaporated on the steam bath using a stream of air. The reaction 
mixture was cooled, and the solid was collected on a vacuum 
filter. The crude product was purified by stirring with 12 liters 
of 3 70 sodium hydroxide solution, filtering, washing with meth- 
anol, and then crystallizing from 7 liters of glacial acetic acid. 
The yield of 1-chloro-2-methylanthraquinone Fvas 778 grams 
(56%)> melting point 158-159.5OC. 

tion of 1735 grams (6.7 moles) of I-chloro-2-methylanthraquirione 
in 1700 ml. of anhydrous o-dichlorobenzene was chlorinated a t  
1'70" to 175' C. for 56 hours using illumination from a 2 0 0 - ~ a t t  
incandescent bulb. Chlorination  vas considered complete when 
a sample of the crude product, n-ashed once viith methanol, 
nielted at 185" to 195' C. The hot reaction mixture was trans- 
ferred to a 4-liter beaker and allowed to stand overnight a t  room 
temperature. The solid product v a s  crystallized from 4.5 liters 
of chlorobenzene, washed with 2 to 2.5 liters of met.hano1, and 
dried a t  100' C. The yield of 1-chloro-2-trichlorometliylanthra- 
yuinone was 1360 grams (55'%), melting point 203-205" C. 

ture of 153 grams (0.45 mole) of 1-chloro-2-trichloromethylan- 
thraquinone and 400 grams of anhydrous hydrogen fluoride wa3 
heated viith shaking in a stainless steel autoclave a t  150" C. 
for 18 hours. The hydrogen chloride and excess hydrogen 
fluoride were vented into a caustic solution when the bomb had 
cooled to 80" C. The autoclave was then cooled to room tem- 
perature and the contents were removed. The reaction mixture 
wan heated on the steam bath for 30 minutes and then allowed 
to  crystallize overnight. The solid was collected on a filter, 
washed with methanol, and dried at, 100" C. The yield of 1- 
chloro-2-trifli1oromethylanthraquinone vas 92 grams (70%),  
melting point 208" C .  

ture of 172 grains (0.55 mole) of I-chloro-2-trifluoroniethylan- 
thraquinone and 500 ml. of 28% ammonium hydroxide was 
heated in a rocking autoclsve a t  140' t o  150" C. for 10 hours. 
The solid product was collecbed on a. filter, mashed ni th  na~ter, 
and dried at 100" C. The yield of 1-amino-2-t~rifluoromethylan- 
thraquinone was 155 grams (97%), melting point 144-1-36" C. 

A solution of 50 grams (0.17 mole) of l-amino-2-trifluorometh~-l- 
anthraquinone in 300 ml. of 96% sulfuric acid was poured into a 
well stirred solution of 2.5 grams of ferrous sulfat,e and 2.5 grams 
of ferric chloride in 2.5 liters of water. The solution was treated 
with 30 grams of bromine a t  50" to 55' C., aiid the temperature 
was then held a t  60" to 70" C. for 18 hour?. The solid was 
collected on a filter, washed with water, and dried a t  100" C. 
Crystallization from 700 ml. of but,yI alcohol yielded 38 grams 
(60%) of product, melting point 175-177" C .  

~ - C l ~ L O R O - 2 - T R I C H L O R O ~ f E T ~ ~ Y L . i X T H R , i Q ~ I S O ~ E  ($3). A SOlU- 

~ - C H L O R O - 2 - T R I F L ~ O R O M E T H Y L b S T H R . i Q ~ I N O X E  (25) .  A mix- 

~ - ~ ~ \ I I N O - ~ - T R I F L U O R O ~ l E T H Y L ~ ~ T H R . ~ ~ U I I O N E  (12). !I nliX- 

~ - 8 ~ \ r I r \ . O - ~ - B R O ~ f O - 2 - T R I F L u o R o a r E T € I Y L . ~ S T I i R . ~ Q ~ I S O ~ E  ( 1 2 ) .  

1 - h I X 0  - 4 - ( p  - 12 - ( 2  - [2 - (2  - HYDROXYETHOXY)ETHOXY] 
ETHOXY ]ETHOXY).4SILIKO) - 2 - T R I F L U O R O ~ I E 1 I I T L b ~ T I - l R , ~ -  

QUIXOSE. A mixture of 6.4 grams (0.017 m:)le) of l-smino-4- 
bromo-2-trifluoromethy1snthraquinoneJ 5.6 grams (0.02 mole) 
of p - (2  - ( 2  - [2  - (2 - liydroxyethosy)eth~sy]ethoxy)et~hoxy) 
aniline, 2.0 grams of fused potassium acetate, and 0.2 gram of 
cupric sulfate in 32 nil. of amyl alcohol was refluxed with stirring 
for 1.5 hours. The reaction mixture nxs then cooled, poured 
into 1 liter of water, and stirred for 1 hour. The product was 
collected on a filter, washed with v,-ater, and then dried in a 
vacuum desiccator. Cryst,allization from 75 ml. of xylene 
yielded 5.5 grams (67%) of dye, melting point 110-115" C. 

Dyeing and Testing. The dyes were applied in the desired 
concentration to l0-grani samples of cellulose acetate jersey 
fabric from an aqueous dispersion by standard procedures. 
Dyed fabrics were tested for light fastness (2) and gas fastness 
(1) by the standard procedures of the American *kssociation of 
Textile Chemists and Colorists. 

Summary 

A neiy series of pink to violet, fluorinated aminoaiithraquinone 
dyes has been prepared by replacing one hydroxyl group of 
quinizarin with a fluoroalkylarnino group. 

On cellulose acetate some of these dyes show exceptional fast- 
ness to light and gas. The following list s h o w  the order i n  
which the N-fluoroalkyl groups enhance the fastness of the 
dyes and shift their color from violet toward pink: 

CH,CI~'zCIIzCII,CII,-, CHFzCII,CI-I,- < 
CHaCFzCII2- < CHF,CK,-, CF:jCHz-, (CFa)(CIIa)C€I-. 

Thus, the number and the position of the fluorine atoms in the 
fluoroalkylamino group are both involved in the color shift and 
fastness properties. 

The 1,4bis(fluoroalkylamino)anthraquinone dyes are bluer 
but poorer in fastness and dyeing properties than the l-fluoro- 
alkylamino-4-hydroxyanthraquinone dyes. 

Of the fluoroalkylamines prepared, 2,2-difluoropropylamiine, 
3,3-difluoropropylamine, 3,3,3-trifluoropropylamine, 2,2,2-triflu- 
oro-1-(methyl)ethylamine, and 4,4-difluoropentylamine are co::1- 
pounds. 

Another new series of fluorinated aminoaiithraquinone d?-c+; 
has been prepared by introducing a CFB group in the 2- position 
of the nucleus. These dyes were prepared by the reaction of 
l-a1nino-4-bromo-2-trifluoromethylanthraquinone n-ith a series 
of 0- and p-( hgdroxypo1yethoxy)anilines. They dye cellulose 
acetabe bright blue shades, and some have excellent fastness to 
light and good fastness to  gas. In general, they are superior 
to the corresponding dyes having a CN, CONH,, S02C11,, 
SCH,, or CH, group in the 2- position. 

Literature cited 

Am. Xssoc. Textile Chemists and Colorists, "Technical lIanua1 
and Year Book," vol. 27, p. 91, €%owes Puhlishing Co., ?Jew 
Yolk, 1951. 

Ib id . ,  p. 101. 
Benning, A. F., and Park, J. D.  (to Kinetic Chemicals, Inc.), 

Dickey, J. B. (to Eastman Kodak Co.). Ibid., 2,466,008 (1949). 
Ibid., 2,466,009 (1949). 
Ih id . ,  2,537,975 (1951). 
Ibid.,  2,543,767 (1951). 
Ibid., 2,624,746 (1953). 
Dickey, J. B., and Loria, A. ( to  Eastman Kodalr Co.) ,  Ibid. ,  

2,510,088 (1950). 
Diclrcy. J. B.. Loria, A., and Towne, E. B. (to Eastnmn Kodak 

Co.) ,  I b i d . ,  2,487,045 (1949). 
Dickey, J .  B., and Towne, F,. B. (to Eastrnan Kcdak Co.) ,  
Ihid., 2,451,478 (1948). 

I b i d . ,  2,537,976 (1951). 
I b i d . ,  2,539,406 (1961). 
Dickey, 3. R . ,  Towne, E. B., Bloom, RI .  S., Taylor, G. J., Hill, 
15. 31., Corbitt. R. A., hIcCal1, 11. A,,  and l ioo re ,  W. I<., 

I. S., Taylo:. G. J., Hill, 
A,, A\\loorc. IV, H.,  and 

BlOS Report 987; PB 

U. 3. Patent 2,348,321 (1944). 

IXD.  E S G .  (:HEM. 46, 2213 (1954). 
Dickey, J. B., Towne. E. B., Bloo 

H. JI., Corkitt, R. A, hIcCal1 
Hedberg, D. G., I b i d . ,  45,  1730 (1953). 

FIAT Final Report No. 1114, p. 48; 
Report 75,860, U. S. Dept. Commerce. 

Fox, 31. R., J .  SOC. DUers Colottrisfs 65, 515 (1949). 
Gilman, H., and Jones, R. G.,  J .  Am. Chcm. Soc. 6 5 ,  1458 

I. G. Farbenindustrie, Brit. Patents 480,749, and 493,211 (10383. 
Locher, A,. and Fierz, H. E., Nelv.  Chim. Ac ta  10, 642 (1927). 
Naniasky, P.. axid Krause, -4. (to General Aniline Work.i), U. S. 

Jtuggli, P., and I-Ieitz, W., Helo. Cliim. Acta 14, 257 (1931). 
Scherer, 0. (to 1. G. Farbenindustrie), German Patolit 713,745 

Schlichenmaier, IT., and Berlin. L. (to I. G. Fai,?icnindusiric), 

Swarts. F., Bull. classe sci., Acad.  roy. Belg. 762, 955 (1904). 
Ibid.,  13, 175 (1927). 

(1943). 

Patent 1,894,191 (1933). 

(1941). 

Ibid.,  693,610 (1940); Brit. Patent 495,375 (193s).  

ACCEPTED December 2 ,  1955. RFCEIVED for review August 8, 1955. 
Presented before the Chemistry Section, Tennessee Academy of Science, 
Nashville, Tenn., Kovernber 26, 1954. 

February 1956 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  213 


