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(...). Rf OCAAZ 

wherein R is a polyfluorinated hydrocarbon radical 
containing at least three fluorine atoms and up to 20 
carbon atoms, A is an alkylene radical of up to six car 
bon atoms, Z is the residue of an amine component 
selected from the group consisting of amines and 
amine slats which have had at least one hydrogen 
atom removed, and q is an integer selected from 1 and 
2, useful as textile finishing agents. 

4 Claims, No Drawings 



3,719,698 
1. 

POLYFLUORINATED ESTERS OF ACIDs 
CONTAININGSILICON AND AMNO GROUPS 

This application is a continuation-in-part of our 
copending application Ser. No. 178,572, filed Mar. 9, 
1962, now U.S. Pat. No. 3,575,961. 
This invention relates to polyfluorinated nitrogen 

containing esters which are useful inter alia as finishing 
agents or intermediates for preparing finishing agents. 
More particularly, this invention concerns the above 

mentioned esters which can be employed as oil and 
water repellents, soil or stain releasing agents, as inter 
mediates for preparing these agents, and as acrylate 
donors of improved solubility for modifying cellulose 
and wool. 
The novel compositions of this invention are in 

cluded within the formula 

(...). - 

wherein R is a polyfluorinated hydrocarbon radical 
containing at least three fluorine atoms and up to 20 
carbon atoms, preferably selected from aliphatic and 
aromatic radicals; A is an alkylene radical of up to six 
carbon atoms; Z is a residue of an amine or amine salt 
after at least one or two hydrogens have been removed, 
and q is either the integer 1 or 2. 
While all of the above compounds are useful, as in 

any large group, some members of the group are 
preferred compared to the group at large. In this in 
stance the preferred group comprises those compounds 
represented in the structural formula where R is 
polyfluorinated aliphatic radicals having from three to 
11 carbon atoms and six to 21 fluorine atoms. These 
compositions are useful finishing agents and can be 
prepared readily from available materials. 

It is an object of this invention among others to 
prepare useful novel polyfluorinated esters containing 
at least three fluorine atoms and no more than one 
nitrogen atom per molecule. 
A more specific object of this invention is the 

preparation of the above esters useful as organic inter 
mediates and as intermediates for the preparation of 
textile finishing agents such as soil release agents and 
oil and water repellents. 

Further objects will become apparent to those skilled 
in the art after a perusal of this invention. 

In practice the above objects are achieved by the 
utilization of the aforementioned esters formed by 
several different processes. 

In one process, an acrylic-type ester of a 
polyfluorinated alcohol is directly reacted with an 
amine containing at least one reactive hydrogen atom. 
Addition takes place across the site of unsaturation as 
shown by the illustrative reactions below: 
Reaction 1 

O 
/ 

2C6F5 OCCHs CH2 - EN-CH 

CH 

CH2 - 
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Reaction 2 TT 

g 
F (C Foot CH-OH, -- HIN (CHCHCI); - 

O 

F (CF) () CIIC IN(CHCHCH), 

As can be seen from an examination of the above ill 
lustrative embodiments, both aliphatic and aromatic 
polyfluorinated unsaturated esters lend themselves to 
the preparation of the inventive products by the 
described process. Similarly, the amine reactant can be 
acyclic, carbocyclic or heterocyclic. Furthermore, the 
chain as well as the ring may contain one or more 
heteroatoms (as oxygen or silicon). Branching and/or 
unsaturation may occur. 
A list of illustrative amines and amine salts which can 

be employed is as follows: 
Illustrative Amine and Amine Salts 

HN(CH), HC- , HNCCHCH=CH), HNCHCH, 

HNCHCHCH, H.N(CH.).Si(OC.H.), 
H.NCH(CH), HN(CH-CHCH.), 

A list of illustrative polyfluorinated unsaturated 
esters which can be employed is supplied below: 

Illustrative Polyfluorinated Unsaturated Esters 

(FC)-goc-CH=CH., (FIC)--oc-CH=CH, 
H 

O O 
| i. 

(FsC), C-O C-C=CH2, (FSC), C-O C-C=CH2, 
H CH3 CH 

() O 

H C F.CFCH-0 CCH-CH, H (CFCF)3CH30 C (H.C.T.I., 
() () 

(CFCF) CI2O ( S-ch, Ficito C CH-CH, 
Cls CH3 

O O 

FC CHO CCHs. CH, F (CF)4CHO CCHsi-CH, 

9 
CF's CHO CCH=CH2, (F,C)--occH-CH, 

- ..., , , - - - - - - - - - - C. Fs 

and the like. 
The unsaturated esters which are used as reactants 

can be prepared using known processes extensively 
described in the literature. 
One method of preparing these unsaturated esters 

used as reactants is to react a fluorine-containing al 
cohol with a mixed anhydride previously formed by the 
low-temperature reaction of an unsaturated acid such 
as acrylic acid, with a fluorinated anhydride such as 
trifluoroacetic anhydride. In the instant case an unsatu 
rated, fluorinated anhydride 

- O O 

(co-on-on) 
is first formed, which upon addition of the fluorinated 
alcohol esterfies the alcohol to form the desired 
fluorinated, unsaturated ester. 
Another more indirect procedure to prepare the un 

saturated ester reactants is resorted to when the desired 
ester is to be synthesized from a polyfluoro alcohol in 
which halogen and hydroxyl are attached to the same 
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carbon. In these instances the desired ester is prepared 
by utilizing a modification of the method of Pittman et 
al., Polymer Letters, Vol. 3, 374 (1965). In the 
modified method the cesium derivative of the 

polyfluorinated alcohol is prepared and reacted with 
acryloyl chloride to undergo metathesis to form the 
desired ester and cesium salt as the by-product. 

In another procedure used to prepare the inventive 
composition, a more indirect preparative method is 
employed. In one favored variant, a saturated 
polyfluorinated ester halide of the type 

ROCAX 

wherein R and A are as defined previously and X is a 
reactive halogen, is formed and reacted with an amine 
or amine salt of the type described supra, to give the in 
ventive products. 

O -- 

(7. 
H(CF)s CHO (-CHCH.Cl -- HN Y --> 

O 
H2 

H(CF) 8 CHO CCH2CH2N 
C+t - 

During the course of this procedure a halopropionic 
acid such as 3-chloropropionic acid is reacted with a 
polyfluorinated anhydride such as trifluoroacetic an 
hydride to form the 3-chloropropionic trifluoroacetic 
anhydride, which is then reacted in situ with a 
polyfluorinated alcohol of the type: 

RAOH 

wherein R and A are as defined above, until the 
desired polyfluorinated ester halide is formed in sub 
stantial yield. In either the direct or indirect procedures 
esterification type conditions are employed. A more 
detailed description of this type of esterification can be 
gleaned from the article of Codding et al., Journal of 
Polymer Science, Vol. 15,515-519 (1955) and the 
patent of Hollander et al., U.S. Pat. No. 3, 177,185 
(1965). 

Suitable illustrative polyfluorinated alcohols include 
the following: 
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(FC),C(H)-OH, (FC)C(F)-OH, HCFCFCH 

OH, 

H(CFCF)CH-OH, H(CFCF)CHOH, 
H(CFCF)C4CH-OH, 

H(CFCF)CHOH, FCCH(CH)OH, FCCH-OH 

F(CF)CH-OH, FOCF)CH-OH, FCCF)CH 
OH, 

F(CF)CH-OH, FOCF)CH-OH, FCCF)CH 
OH, 

CFCH-OH, (CH)2CH-OH, CFCH(CH3)- 
OH, 

CFCHCH-OH, CFCHCH(CH3)-OH, 
(CH3)2C(CF)-OH, 
(FC),C(CHs)-OH. 

Suitable polyfluorinated anhydrides include, among 
others, trifluoroacetic anhydride and pen 
tafluoropropionic trifluoroacetic anhydride. 
To illustrate the workings of this invention in the 

greatest possible detail, the following illustrative em 
bodiments are submitted. Preceding the examples is a 
brief description of the test methods used. 

TEST METHODS AND WORKING EXAMPLES 

Vinyl, CH=CH-: Determined by means of 1 - 
dodecanethiol according to the procedure described on 
page 61 of “Chemistry of Acrylonitrile' (The Amer 
ican Cyanamid Company, New York, 1959, second 
edition). For the determination of a water-soluble vinyl 
compound, the reagent was 2-mercaptoethanol in the 
presence of excess base. 
Water Repellency Spray Rating: AATCC Test Method 
22-1964, Manual of the American Association of Tex 
tile Chemists and Colorists, 1964 edition, pages 
B-130-31. 
Durability to Laundering: Home-type machine, low 
(11-gallon) water level, 4-pound load, detergent, nor 
mal agitation, 12-minute wash cycle at 60°C, rinse at 
43 it 3 C, normal rinse and spin cycle, and tumble-dry 
at 74° C. 
Durability to Dry Cleaning: Commercial equipment 
and formulation. 
Oil Repellency: Swatches of fabric were placed flat on 
a table, with edges held down by weights. Drops of 
mineral oil were placed onto the surface of the fabric at 
various places, and the effect was observed. Oil repel 
lency was shown if no penetration, wetting, or darken 
ing occurred as the drops remained undisturbed for 3 
minutes. Specifications on the mineral oil: Saybolt 
Viscosity of 360 to 390 at 100° F (37°-7/9° C) and a 
specific gravity of 0.880 to 0.900 at 60°F (15-519 C). 

0 Oil and Water Repellent Concentration: An oil and 

65 

water repellent concentration as used herein refers to 
that quantity of polyfluorinated ester reagent which 
will prevent substantial penetration of the glass or cel 
lulosic substrate by oil or water. This concentration is a 
variable dependent upon the type of substrate to be 
protected and the reagent employed. Experimentally it 
has been determined that satisfactory repellency can 
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ordinarily be obtained at concentrations of reagents 
ranging from about 0.1 percent by weight of reagent 
and above based upon the weight of substrate to be 
protected. Preferably, the reagent applied will be in the 
concentration range of from about 0.5 percent by 
weight and above based upon the weight of the sub 
strate. The upper limit of these concentrations is 
primarily limited by costs. 

OWB: On the weight of the bath. 
OWF: On the weight of the fabric. 

EXAMPLE 1 

Preparation of 1H, 1H-Pentadecafluorooctyl Acry 
late 

O 
O O 

F3CC- O I 
HOC CH=CE --> FCC-O-CCH=CH2 

-F3CCO2 
O 

F (CF), CH-OH 
--> F (CF). CH-O CCH=CH2 
-FCCOE 

Acrylic acid (10 grams, 0.14 mole) was cooled to 10 
C in a 250-ml. flask. While stirring, a total of 30 grams 
(0.14 mole) of trifluoroacetic anhydride was added 
dropwise at 10 to 15°C. Then a total of 50 grams (0.11 
mole) of 1H, H-pentadecafluoro-1-octanol was added 
dropwise while the temperature was kept below 30 C. 
Upon completion of the addition, the reaction mixture 
was stirred for 2 hours at room temperature. Next, a 
total of 30 ml, of water was added slowly with stirring 
while the temperature was kept below 50° C. Finally 
the mixture was allowed to separate into layers. The 
lower layer was isolated and distilled. The fraction 
distilling between 53 and 56°C at 2 torrs weighed 42 
grams. It had a vinyl content of 5.92 percent by analy 
sis. The vinyl content theoretically required for 1H, 1 
H-pentadecafluorooctyl acrylate is 5.95 percent. 

EXAMPLE 2 

Preparation of 1H, 1 H-Pentadecafluorooctyl 3 
Chloropropionate 

O 
. O ... O 

F3CC-2O 
HOC CHCHCl --> FCC-O-C CHCH2Cl 

O 
IF (CF)7 CH-OH | 
- - - --> F (CF), CH-O CCHCHCl 
-FCCOE 

A total of 67.2 grams (0.32 mole) of trifluoroacetic 
anhydride was added slowly with stirring to 33.6 grams 
(0.31 mole) of 3-chloropropionic acid kept just below 
15° C in a 250-ml., 3-neck flask equipped with a 
dropping funnel, stirrer, and thermometer. The reac 
tion mixture was stirred at 10 to 15 C for 15 minutes 
after all the anhydride had been added in order to allow 
for completion of the formation of 3-chloropropionic 
trifluoroacetic anhydride. Then a total of 120 grams 
(0.30 mole) of molten H, 1 H-pentadecafluoro-1-oc 
tanol was added while the temperature was kept 
between 10 and 30° C. Upon completion of the addi 
tion, the reaction mixture was stirred for 2 hours at 25 
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6 
to 30° C. Next, the reaction mixture was cooled to 10 
C, and a 75-ml. portion of cold water was added while 
the temperature was kept just below 15 C. Then stir 
ring was stopped and the mixture separated into layers. 
The lower layer was separated. The operation of adding 
a 75-ml. portion of cold water was repeated two times 
on the lower layer. The final lower layer was diluted 
with 250 ml. of ethyl ether, then dried by standing 16 
hours over anhydrous sodium sulfate. After filtering to 
remove the drying agent, the liquid was subjected to 
fractional distillation at reduced pressure. The 3 
chloropropionate of 1H, 1 H-pentadecafluoro-1-octanol 
was collected between 62 and 66 C at 0.1 torr. The 
distilled ester weighed 86 grams. The identity of the 
product was confirmed by the infrared spectrum and by 
the following analytical values. 

C H C F 

Analysis (in %). Found: 26.62 107 7.18 55.43 
Required for CHCFO: 26.92 122 7.24 S8.5 

EXAMPLE 3 

Preparation of 1-2-(1H, 1H-Pentadecafluorooc 
tyloxy)carbonyl)ethyl-pyridinium Chloride 

------ 
F (CF). CH-O s CHCHCl -- N(CH) CH - 

--- 

(CF). CH-O energents 
Cl 

The following compounds were measured into a 250 
ml. 3-neck flask fitted with a thermometer, stirrer, and 
reflux condenser: 24.5 grams (0.05 mole) of 1H, 1 H 
pentadecafluorooctyl 3-chloropropionate,4.0 grams 
(0.0506 mole) of pyridine, and 50 ml. of methanol. The 
mixture was stirred and heated to refluxing for a total 
of 63 hours, by which time the reaction had gone 67 
percent to completion, based on the determination of 
chloride ion. Methanol and unreacted pyridine were 
removed by distillation at approximately 25 torrs while 
the mixture was kept at 45 C. The resulting product, 
21 grams, mainly 1-2-(1H, 1H-pentadecafluorooc 
tyloxy)carbonyl)ethyl -pyridinium chloride, gave the 
following results upon analysis: chloride ion, 4.18 per 
cent; latent vinyl corresponding to an actual vinyl con 
tent of 6.25 percent. (Vinyl content was determined by 
means of 2-mercaptoethanol in the presence of excess 
base.) The adduct, a quaternary ammonium salt, was 
very soluble in water, despite the pentadecafluorooctyl 
moiety in the cation. This product is useful as an acry 
late donor (for chemically bonding pentadecafluorooc 
tyl through a 

- - O C (C --- 
(s 

bridging group to cellulose or wool) because of its solu 
bility property. 

EXAMPLE 4 

Preparation of 1H, 1H-Pentadecafluorooctyl 3-(1- 
Aziridinyl)propionate 

-- 

F (CF.); CH-OCOH=CH + HN CH, CH, - 
O 

F (CF). CH-O CHCHNCHCH 
O 
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The following compounds were measured into a 125 
ml. flask equipped with a magnetic stirrer: 9.08 grams 
(0.02 mole) of 1H, 1 H-pentadecafluorooctyl acrylate 
and 30 ml. of ethyl ether. Stirring was started, and a 
solution of 0.86 gram (0.02 mole) of ethylenimine in 
20 ml. of ethyl ether was added. Stirring was discon 
tinued, the flask was corked, and the solution was al 
lowed to stand at room temperature for approximately 
16 hours. Ethyl ether and other volatile material were 
removed by distillation. The remaining viscous liquid 
weighed 9.4 grams. It had a nitrogen content of 2.40 
percent (2.82 percent by theory). The infrared spec 
trum confirmed that the adduct was 1H, 1 H-pen 
tadecafluorooctyl 3-(1-aziridinyl)propionate. Titration 
with hydrochloric acid indicated an aziridinyl content 
of 7.05 percent (8.48 percent by theory). 

EXAMPLE 5 

Preparation of Bis(1H, 1H-pentadecafluorooctyl) N 
3-(Triethoxysilyl)propyl)-3,3'-iminodipropionate 

2F (CF):CH,-ogoh-CH, + H2NCH, CH, CH, Si(-OC.H.). --> 
O 

(CF2), CH-O conference- C2H5)3 
2 

The following compounds were measured into a 125 
ml. flask equipped with a magnetic stirrer: 9.08 grams 
(0.02 mole) of 1H, 1 H-pentadecafluorooctyl acrylate 
and 30 ml. of ethyl ether. Stirring was started, and a 
solution of 2.21 grams (0.01 mole) of 3-(triethox 
ysilyl)-propylamine in 20 ml. of ethyl ether was added. 
Stirring was discontinued, the flask was corked, and the 
solution was allowed to stand at room temperature for 
approximately 16 hours. Ethyl ether and other volatile 
material were removed by distillation. The remaining 
viscous liquid weighed 10.5 grams. It had a nitrogen 
content of 1.35 percent (1.24 percent by theory) and 
an infrared spectrum which confirmed that the adduct 
was bis(1H, 1 H-pentadecafluorooctyl) N-3-(triethox 
ysilyl)propyl)-3,3'-iminodipropionate. 

EXAMPLE 6 

of 1H, 1H, 11 H-Eicosafluoroundecyl Preparation 
Acrylate 

- O - . . . . . . . - - - - - - - relo FCC-20 Hoc CH-CH, F.T. Face-O-(CH=CH, 
-F3CCO2H 

H(CF). CH-OH O 
-F3CCO2H 

Acrylic acid (15.1 grams, 0.21 mole) and 0.1 gram of 
hydroquinone (to inhibit polymerization) were put into 
a 250-ml. flask fitted with a stirrer, a dropping funnel, 
and a thermometer. While stirring and cooling, a total 
of 46.2 grams (0.22 mole) of trifluoroacetic anhydride 
was added portionwise at 10 to 15° C. Then a total of 
106.4 grams (0.20 mole) of 1H, 1H, 1 1 H-eicosafluoro 
1-undecanol was added while the temperature was kept 
below 30° C. Upon completion of the addition, the 
reaction mixture was stirred for 2 hours at room tem 
perature. Next, a total of 50 ml. of water was added 
slowly with stirring while the temperature was kept 
below 15 C. Some solidification occurred, so a 250-ml. 
portion of ethyl ether was added. The organic layer was 

10 

15 

20 

25 

30 

35 

40 

45 

50 

A. 

H(CF) to CH-O CCH=CH 

60 

65 

8 
washed with 100-ml. portions of 5 percent sodium car 
bonate until an added portion remained pink to 
phenolphthalein. Then the organic layer was washed 
with water and dried over anhydrous magnesium 
sulfate. Solvent was removed by distillation. That left 
the ester as a white solid. It was recrystallized from al 
cohol to which water was added. The product weighed 
75.5 grams and melted at 44.0 to 44.5 C. It had a vinyl 
content of 4.60 percent by analysis. The vinyl content 
theoretically required for 1H, 1H, 1 1H-eisosafluoroun 
decyl acrylate is 4.68 percent. 

EXAMPLE 7 

Preparation of 1H, 1H, 11 H-Eicosafluoroundecyl 3 
Chloropropionate 

el F3 CC-O 
HOCCH2CH2Cl - 

-F3CCO2 
Fict-o- CH2CH2Cl 

O 
H(CF) to CH-OH H(CF) 10 CH-OCCH2CH2CI 

A total of 46.2 grams (0.22 mole) of trifluoroacetic 
anhydride was added slowly with stirring at 10 to 15°C 
to 22.8 grams (0.21 mole) of 3-chloropropionic acid in 
a 500-ml. flask. After the addition, the reaction mixture 
was stirred for 15 minutes (still at 10 to 15° C) to allow 
for completion of the formation of 3-chloropropionic. 
trifluoroacetic anhydride. Then, a total of 106.4 grams 
(0.20 moles) of 1H, 1H, 1 1H-eicosafluoro-1-undecanol 
was added, and stirring was continued for an additional 
period of 3 hours, during which time the temperature 
was allowed to rise to 29 C as the ester formed. Next, 
the reaction mixture was cooled to 15°C, and a 250-ml. 
portion of cold water was added. After the mixture had 
been stirred for 15 minutes, the white precipitate was 
collected by filtration. The product was dissolved in 
ethanol, and recrystallized from aqueous ethanol. The 
yield of 1H, 1H, 1 1 H-eicosafluoroundecyl 3 
chloropropionate was 93 grams (76 percent yield) 
melting at 60-61 C. The identity of this ester was 
established by its infrared spectrum and the following 
analytical results. 

C H Cl F 

Analysis (in %). Found: 26.03 1.25 5.27 57.69 
Required for CH,ClFO: 27.00 1.3 5.70 61.22 

EXAMPLE 8 

Preparation of 1-2-(1H, 1H, 11 H-Eicosafluoroun 
decyloxy)ethyl-pyridinium Chloride 
Licench-ogoh,CH.Cl -- NiccHobH --- 

O 

correl-genergone 
Cl 

The following compounds were measured into a 250 
ml. 3-neck flask fitted with a thermometer, stirrer, and 
reflux condenser: 31.1 grams (0.05 mole) of 1H, 1H, 1 1 
H-eicosafluoroundecyl 3-cloropropionate, 4.0 grams 
(0.0506 mole) of pyridine, and 50 ml. of methanol. The 
mixture was stirred and heated to refluxing for a total 
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of 63 hours, by which time the reaction had gone 66 
percent to completion, based on the amount of 
chloride ion produced. Methanol and unreacted 
pyridine were removed by distillation at approximately 
25 torrs while the mixture was kept warmed at room 
temperature. The resulting product, 28 grams, mainly 
1-(2-(1H, 1H, 11H-eicosafluoroundecyloxy)ethyl) 
pyridinium chloride, gave the following results upon 
analysis: chloride ion, 3.33 percent; latent vinyl cor 
responding to an actual vinyl content of 4.33 percent. 
(Vinyl content was determined by means of 2-mercap 
toethanol in the presence of excess base.) The adduct, 
a quaternary ammonium salt, was a waxy solid, vir 
tually insoluble in water because of the eicosafluoroun 
decyl moiety in the cation. 

EXAMPLE 9 

Preparation of 1H, 1H, 1 1H-Eicosafluoroundecyl 3 
(l-Aziridinyl)propionate 
H(CF) to CH-O CH-CH -- HNCHCH 

O 

-9 H(C Fisch-ogotchischbH, 

The addition reaction was effected with the following 
compounds, using the apparatus and procedure of EX 
AMPLE 4: 11.72 grams (0.02 mole) of 1H, 1H, 11H 
eicosafluoroundecyl acrylate in 40 ml of ethyl ether, 
and 0.86 gram (0.02 mole) of ethylenimine. The ad 
duct obtained weighed 12.5 grams, a virtually quantita 
tive yield. It was a waxy solid; N: found, 2.4 percent; 
required for CHFNO, 2.1 percent. Titration with 
hydrochloric acid indicated an aziridinyl content of 
5.98 percent (6.68 percent by theory), confirming that 
the adduct was the ester, 1H, 1H, 1 1H-eicosafluoroun 
decyl 3-(1-azirdinyl)propionate. 

EXAMPLE 10 

Preparation of 1H, 1H,9H-Hexadecafluorononyl 2 
(1-Aziridinyl)propionate 
This compound was prepared by a procedure similar 

to that described in EXAMPLE 9 from ethylenimine 
and 1H, 1H,9H-hexadecafluorononyl acrylate. The 
reaction temperature was maintained at 3-5 C, and 
the product obtained was purified by distillation. Yield 
85 percent, b.p. 102-1 10 C/0.6 mm., percent N: 
Calcd.: 2.64 percent; Found: 2.91 percent. 

EXAMPLE 11 

Preparation of 1H, 1H,7H-Dodecafluoroheptyl 2-(1- 
Aziridinyl)propionate 

This compound was prepared from ethylenimine and 
1H, 1 H,7H-dodecafluoroheptyl acrylate by the 
procedure outlined in EXAMPLE 9. The product ob 
tained was purified by distillation. Yield 88%, b.p. 
78-92 C/0.4mm. Equivalent weight determined by 
potentiometric titration: Calcd.: 429; Found: 460. 

EXAMPLE 12 

Preparation of Bis(1H, 1H, 1 1H-eicosafluoroundecyl) 
N-3-(Triethoxysilyl)propyl)-3,3'-iminodipropionate 

- 2H (C. F.). CII-OC Cir-cit, + FINCII, CII, CH, si(-O C.H.) 
s 

" (C rel-genet NCICHCII, Si(-O C.IIs), 
() 2 

O 
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The addition reaction was accomplished with the fol 

lowing compounds, using the procedural steps of EX 
AMPLE 5: 11.72 grams (0.02 mole) of 1H, 1H, 11H 
eicosafluoroundecyl acrylate dissolved in 40 ml. of 
ethyl ether, and 2.21 grams (0.01 mole) of 3-(triethox 
ysilyl)propylamine. The adduct, bis(1H, 1H, 11 H 
eicosafluoroundecyl) N-3-(triethoxysilyl)propyl)- 
3,3'-iminodipropionate, weighed 13.8 grams, 99 per 
cent of the theoretical yield. The infrared spectrum was 
consistent with the structure. EXAMPLE 19 illustrates 
the usefulness of this new composition having the 
molecular formula CHasFNOSi as a water-repellent 
finish for cotton fabric. 

EXAMPLE 13 

Preparation of 
(trifluoromethyl)ethyl Acrylate 

2,2,2-Trifluoro-1- 

O 
O O 

FCCO 
IOC CHis CH --> F3 CC-O-C CH-scCH 

-F3CCO2H 
EH 

H. O 
(FC), C-OH 
- - ) (FC)2C-O CCH=CH 
-F3CCO2H 

A solution consisting of 150 grams of 96 percent 
pure acrylic acid and 0.8 gram of hydroquinone was 
added slowly to 454 grams of trifluoroacetic anhydride 
at 0 to 10 C in a 2-liter 3-neck flask fitted with a ther 
mometer, stirrer, and dropping funnel with a drying 
tube. Then a total of 330 grams of 2H-hexafluoro-2- 
propanol was added while the temperature was kept 
between 10 and 20° C. Upon completion of the addi 
tion, the reaction mixture was stirred for 1.5 hours at 
25 to 30 C and for an additional 2 hours at 40 C. 
Next, the reaction mixture was cooled to 0 C, and a 
total of 0.5 liter of cold water was added during a 
period of 20 minutes while the temperature was kept at 
10' C. Then stirring was stopped and the mixture 
separated into layers. The lower layer was isolated and 
diluted by 0.5 liter of dichloromethane. That solution 
was washed by five 150-ml. portions of water, and then 
dried by standing over anhydrous sodium sulfate. Ap 
proximately 0.1 gram of hydroquinone was added to 
the dry liquid (separated from the drying agent), and 
the liquid was subjected to fractional distillation at 
reduced pressure. The acrylate of 2H-hexafluoro-2- 
propanol was collected between 38 and 42 C at 140 
torrs. The normal boiling point was approximately 88 
C. The distilled ester weighed 175 grams (40 percent of 
the theoretical yield). The infrared spectrum con 
firmed the identity of this ester. 

EXAMPLE 1.4 

Preparation of 2,2,2-Trifluoro-1- 
(trifluoromethyl)ethyl 3-Chloropropionate 

O 
O O 

F3CC-O 
HOC CHCHCl FCC-O-C CHCH.Cl 

-F3CCO2H 

H H 9 (a):09, (F,C), -occH, CH,Cl 
-F3CCO2H 

A total of 51.6 grams of 3-chloropropionic acid was 
added slowly with stirring to 100 grams of 
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trifluoroacetic anhydride at 0° C in a 500-ml. flask 
fitted with a thermometer, stirrer, and a dropping fun 
nel with a drying tube. Then the temperature was raised 
to 10' C, and 2H-hexafluoro-2-propanol was added 
dropwise with stirring. Upon completion of the addi 
tion, the reaction mixture was stirred for 5 hours as the 
temperature rose gradually to 40°C. The reaction mix 
ture was cooled to 0°C, and a total of 100 ml. of water 
was added slowly with stirring while the temperature 
was kept below 10° C. Finally the mixture was allowed 
to separate into layers. The lower layer was isolated. It 
was washed with five 50-ml. portions of cold water, and 
dried by standing over anhydrous sodium sulfate. The 
dry liquid was fractionally distilled at reduced pressure. 
The 3-chloropropionate of 2H-hexafluoro-2-propanol 
was collected at 61 C at 40 torrs; 54.1 grams (48.5 
percent yield). 

C H F 

Analysis (in %). Found: 28.26 1.86 44.46 
Required for CHClFO: 27.86 1.95 44.0 

EXAMPLE 1.5 

Preparation of 2,2,2-Trifluoro-1- 
(trifluoromethyl)ethyl 3-(Diallylamino)propionate 

H - - - - - - - - - - - - - - - - - - - - - - - - - 

H. O 
| 

(F3C) C-O C CHCHN (-CHCH-CH2) 

Using apparatus and general procedure both similar 
to those of EXAMPLE 4, an addition reaction was car 
ried out with the following compounds: 11.1 grams 
(0.05 mole) of the acrylate of 2H-hexafluoro-2- 
propanol dissolved in 30 ml. of ethyl ether, and 5.0 
grams (0.05 mole) of diallylamine dissolved in 20 ml. 
of ethyl ether. After processing, the yield of the 3-(dial 
lylamino)propionate of 2H-hexafluoro-2-propanol 
which distilled between 46 and 47 C at 0.4 torr was 
10.2 grams (63.3 percent). The structure of the adduct 
was confirmed by its infrared spectrum and by nitrogen 
content: found, 4.40 percent; required for CHisFa 
NO, 4.39 percent. 

EXAMPLE 16 

Preparation of 2,2,2-Trifluoro-1- 
(trifluoromethyl)ethyl 3-(1-Aziridinyl)propionate 

H. O. 
I -- 

(FC) C-O C CH-CH -- IINCHCH - 

-- 
(F3C), C-O C C, CHNCFICE 

Using a method similar to that of EXAMPLE 4 (ex 
cept that the time allowed was 4 days), an addition 
reaction was carried out with the following compounds: 
5.6 grams (0.025 mole) of the acrylate of 2H-hex 
afluoro-2-propanol dissolved in 30 ml. of ethyl ether, 
and 1.1 gram (0.025 mole) of ethylenimine dissolved in 
20 ml. of ethyl ether. At the end of the reaction period, 
volatile compounds were removed by distillation at at 
mospheric pressure while the pot temperature was 
raised to 70° C. Then the 3-(1-aziridinyl)propionate of 
2H-hexafluoro-2-propanol was isolated by distillation 
at reduced pressure as a fraction collected between 54 
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2 
and 55° C at 10 torrs; n = 1.3541. The yield of the 
adduct was 5.0 grams (75 percent). 

Aziri 
C H F N dine 

Analysis (in 96). 
Found: 
Required for 
CHFNO: 36.24 3.42 42.99 5.28 15.9 
* The method of determination used is described in Schaefer et al., 
Journal American Chemical Society, Vol. 77,5918-5922 (1955). 

36.11 3.53 38.90 6.55 143 

EXAMPLE 1 7 

Preparation of Bis2,2,2-Trifluoro-1- 
(trifluoromethyl)ethyl N-3-(Triethoxysilyl)propyl)- 
3,3'-iminodipropionate 

H O 

2(F,C),é-otch-cII, -- HNCH2CH2CH2Si(-OC2H5)3 --> 
I O 

Lookouen- NCH2CH2CHSi(-O C2H3)3 
Using a method similar to that of EXAMPLE 4 (ex 

cept that the time allowed was four days), an addition 
reaction was carried out with the following compounds: 
5.6 grams (0.025 mole) of the acrylate of 2H-hex 
afluoro-2-propanol dissolved in 30 ml. of ethyl ether, 
and 2.8 grams (0.0125 mole) of 3-(triethox 
ysilyl)propylamine dissolved in 20 ml. of ethyl ether. At 
the end of the reaction period, volatile material was 
removed by distillation at atmospheric pressure while 
the pottemperature was raised to 70° C. A quantitative 
yield was obtained of the adduct, the N-3-(triethox 
ysilyl)propyl)-3,3'-iminodipropionate of 2H-hex 
afluoro-2-propanol, the structure being in accord with 
the infrared spectrum. EXAMPLE 20 illustrates the 
usefulness of this new composition having the molecu 
lar formula CHFNOSi as a water-repellent finish 
for cotton fabric. The use of this polyfluoroalkyl ester 
of N-substituted beta-alanine to increase oil repellency 
of glass fabrics is shown in EXAMPLES 21 and 22. 

EXAMPLE 1.8 

Preparation of 1,2,2,2-Tetrafluoro-2- 
(trifluoromethyl)ethyl Acrylate 

O 
F I 

CSF Cl-CCH-CH2 
(FC), C = O - (FC)2C-OCs --------> 

-CSC 

Cesium fluoride (126 grams, 0.75 mole) and 360 ml. 
of redistilled bis(2-methoxyethyl)ether were cooled to 
-78 C in a 1-liter, 3-neck round-bottom flask which 
had been flame dried and fitted with a condenser, 
stirrer, gas inlet tube, and thermometer. A total of 138 
grams (0.84 mole) of hexafluoroacetone was bubbled 
into the mixture. Then the mixture containing the cesi 
um derivative of heptafluoro-2-propanol was warmed 
to room temperature and re-chilled to 10 C. Acryloyl 
chloride (75.2 grams, 0.75 mole) was added dropwise 
during a 20-minute period. Next, the mixture was 
stirred for 1 hour at room temperature, and for 1 hour 
at 50 C. It was cooled and filtered to remove cesium 
chloride. The filtrate, diluted by 250 ml. of ethyl ether, 
was poured into 1 liter of cold water. The lower layer 
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was separated, and washed by (a) four 100-ml. portions 
of an aqueous 10 percent solution of sodium carbonate, 
and (b) two 100-ml. portions of water. Then the raf 
finate was dried over anhydrous magnesium sulfate. 
The dry liquid was subjected to fractional distillation. 
The fraction distilling at 88 C weighed 69 grams, a 29 
percent yield of the acrylate of heptafluoro-2-propanol. 
For this ester, n = 1.3100. 

C H F 

Analysis (in%). Found: 29.95 .24 54.56 
Required for CHFO: 30.00 .25 55.40 

EXAMPLE 19 

Use of the Adduct of EXAMPLE 12 as a Water 
Repellent Finish on Cotton Fabric 
Four samples of 100 percent cotton fabric (8 ounces 

per square yard in a twill weave) were conditioned with 
the relative humidity at 652 percent (21 - 1 C) and 
weighed to the nearest milligram. Each sample was 
padded with a solution of bis(1H, 1H, 1 H 
eicosafluoroundecyl) N-3-(triethoxysilyl)propyl)- 
3,3'-iminodipropionate (the product of EXAMPLE 12, 
CanhasfoNO,Si) in bis(2-methoxyethyl) ether. The 
concentration of the reagent in the pad bath was 5.0 
percent for Samples K and L, and 1.8 percent for Sam 
ples M and N. For each padding of the reagent, the wet 
pick-up was 62 percent. Other quantitative details are 
in the accompanying table. 
The fabric samples were dried at approximately 50 

C. Samples L and N were overpadded with an aqueous 
dispersion of a mixed catalyst, as noted in the table, and 
re-dried as before. The same curing conditions were 
applied to each sample, viz., 5 minutes at approximate 
ly 177° C. Next each sample was rinsed in bis(2- 
methoxyethyl) ether, and then in water containing ap 
proximately 0.1 percent of a nonionic detergent, name 
ly p-(1,1,3,3-tetramethylbutyl)-phenoxynonaethox 
yethanol. After drying, the samples were re-condi 
tioned and re-weighed as before. Even small amounts 
of the finish, an amine adduct of a polyfluoroalkyl acry 
late, provided water repellency, as shown in the table. 

- m . . . TABLE FOR EXAMPLE 19 
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14 
trifluoro-1-(trifluoromethyl)ethyl N-3-(triethox 
ysilyl)propyl)-3,3'-iminodipropionate (the product of 
EXAMPLE 17, CHFNO,Si) in p-dioxane. The 
concentration of the reagent in the pad bath was 4.0 
percent for Samples A, B, C, D, and H, and 1.5 percent 
for Samples E, F, and G. For each padding of the re 
agent, the wet pick-up was 62 - 1 percent. Other quan 
titative details are in the accompanying table. 
The fabric samples were dried at approximately 65 

C. Samples B through G were overpadded with an 
aqueous dispersion of a catalyst, as noted in the table. 
(Before using Catalyst 81 and 128, the pH of the aque 
ous dispersion was fixed at 6.5-0.5 by means of acetic 
acid if previously above that range.) For Sample H, 
benzoyl peroxide was applied with the reagent from p 
dioxane. Samples of overpadded fabric were re-dried as 
before. The same curing conditions were applied to 
each sample, viz., 5 minutes at approximately 177° C. 
Next, each sample was rinsed in bis(2-methoxyethyl) 
ether, and then in water. After drying, the samples were 
reconditioned and reweighed as before. Results in the 
table show that the finish, an amine adduct of a 
polyfluoroalkyl acrylate, provided water repellency. 

TABLE FOR EXAMPLE 2.0 

Reagent, Catalysts, OWB, Water repellency 
CHFNOSi percent spray rating 

Organo- Metal 
func- Org. After 

OWB, OWF, tional, salt, Origi- launder 
percent percent Type 81 Type 128 nally ing 

4.0 2.5 None None 50/70 0.50 
4,0 2.5 0, None 70 70 
4.0 2.5 None 0.6 O 50 
4.0 2.5 0, 1 0.6 50/70 O 
1.5 0.9 0. None O 50 
1, 5 0.9 None 0.6 50/70 50/70 
1.5 0.9 0. 0.6 50/70 0|50 
4. t+2.7 None None 50 50 

O 0. Control (the untreated cotton fabric) 
*Catalysts: See footnote to table for Example 9. 
**For Sample H, benzoyl peroxide (1.3%, OWB) was applied with the 

reagent from p-dioxane. 

EXAMPLE21 
Use of the Adduct of EXAMPLE 17 (Applied from 

Solution) as an Oil-Repellent Finish on Glass Fabric 
A glass fabric was selected which was of a style popu 

lar for draperies, having a thread count of 56X 54. The 
adduct of EXAMPLE 17, namely bis(2,2,2-trifluoro-1- 

Catalysts, 
OWP, percent Water repellency 
--w--- spray rating 

C3Has Fion O Si Organo- Metal Actual - 
-----wr-error func- org. Weight After After 
OWB, OWF, tional, salt, gain, Orig- laun- dry 

percent percent Type 81 Type 128 percent inally dering cleaning 
Sample: 

K----- 5. O 3. None Note 45 50 50/70 50/70 
L----- 5, () 3. O. 0.6 1.36 80 O O 
M----- 8 .1 None Nono 0.2 50 50 
N.---- 8 . 0.1 0.6 36 70 70 50/70 

Control (this untreated cotton fabric) O O O 

Catalysts: Products of Dow Corning Corp. (50% solids and pyridine carrier for Type 81; 
28% solids for Type 128). Wet pick-up from the aqueous pad bath was approximately 75%. 

EXAMPLE 20 

Use of the Adduct of EXAMPLE 17 as a Water 
Repellent Finish on Cotton Fabric 

Eight samples of 100 percent cotton fabric of the 
type used in EXAMPLE 19, each 8 by 12 inches, were 
conditioned and weighed as described in that example. 
Each sample was padded with a solution of bis(2,2,2- 

(trifluoromethyl)ethyl N-3-(triethoxysilyl)propyl)- 
3,3'-iminodipropionate, was diluted to 5 percent in 
ethanol and applied as a finish to the glass fabric by a 

65 padding operation. That is, the cloth, impregnated with 
the solution, was squeezed as it passed between two 
pad rollers. The wet pick-up was approximately 30 per 
cent. The padded fabric was cut into seven specimens, 
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each of which was dried under a different set of condi 
tions, as indicated in the accompanying table. For each 
set of drying conditions, the oil repeller of this inven 
tion was effective in the test in preventing mineral oil 
from penetrating the fabric. Without the adduct, 
mineral oil penetrated promptly. That is, the fabric had 
no oil repellency prior to treatment with the addition 
compound made from 3-(triethoxysilyl)propylamine 
and the acrylate of 2H-hexafluoro-2-propanol. 

TABLE FOR EXAMPLE 21 

Drying Conditions Oil Repellency 
With Respect To 

Specimen oC Seconds Mineral Oil 

P 204 30 No Penetration 
O 204 60 No Penetration 
R 77 30 No Penetration 
S 177 60 No Penetration 
T 177 90 No Penetration 
U 49 60 No Penetration 
w 22 O No Penetration 
Control(Fabric Without Adduct) Prompt Penetration 

EXAMPLE 22 

Use of the Adduct of EXAMPLE 17 (Applied as 
Vapor) as an Oil-Repellent Finish on Glass Fabric 
The adduct of EXAMPLE 17, CHFNOSi, was 

applied in the form of vapor (instead of being padded 
on) to a heat-cleaned, casement-style glass fabric. The 
equipment for vapor-phase application consisted of an 
insulated chamber which could be heated to 180 C. 
The glass fabric was draped over steel racks inside the 
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chamber. A 10-ml. portion of the adduct of EXAMPLE 
17 was allowed to drip from a dropping funnel into the 
otherwise sealed chamber. Each drop struck a hot 
trough inside as the chamber and its contents were 
being heated at 170 - 10 C. The addition and 
vaporization were carried out at atmospheric pressure 
over a period of 5 minutes. Whereas a portion of the 
original (control) fabric was promptly penetrated by 
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6 
mineral oil (i.e., the fabric had no oil repellency), the 
finish of this invention prevented penetration or 
wetting of the treated fabric in the test for oil repellen 
cy, although the amount of CHFNOSi condensed 
on the fibers was of the order of only 0.01 percent of 
the weight of the fabric. 
As the various examples and suggested embodiments 

indicate, numerous changes can be made in reaction 
conditions and reactants without departing from the in 
ventive concept. The metes and bounds of this inven 
tion are best indicated by the claims which follow. 
What is claimed is: 
1. Polyfluorinated esters of the formula 

O ) (colonel, NCHCICS (OC): 
wherein R is a polyfluorinated hydrocarbon radical 
free of olefinic or acetylenic unsaturation and contain 
ing at least three fluorine atoms and up to 20 carbon 
atoms. 

2. 
"O 

(F (CF). CH-OCCHCH-NCHCHCHSiCO CH5) 

O 

H(CF). CH-OCCH2CH2NCHCH2CH2SiOCH) 

4. 
O -- - - - - 

| Laccaloon on- 2NCHCHCHSi(OCH5)3 


