TITLE OF INVENTION FLUOROALKYL SILANES BACKGROUND OF THE INVENTION Fluoroalkyl
silanes are a class of compounds useful for various 5industrial purposes. For example, fluoroalkyl
silanes which'have-myerolysable groups (called hydrolysable fluoroalkyl silanes), are compounds
useful as suff&c&PéL#&nt agents which provide durable hydrophobic af§ BEGsHdHti¢batings. In
general, hydrolysable fluoroalkyl silanes can be represented with the following formula: (R0-)3Si-RT
10wherein R is H or an alkyl; and RT is a MoasvaemigeEmosompound terminated by a
perfluoroalkyl group. When used to coat a surface, the (R0-)3 moiety reacts (via hydrolysis) with
various chemical groups of the surface fd.§PR@AEN aBIb&NIESther reactive groups) thereby
bonding the fluoroalkyl silane to the surface. The RT moiety comprises a divalent 15organic linking
bR s b5 AStEIANYIB RO ms whose unique electronic
properties impart desiraﬁle h o, ophobic and oleophobic properties in a surface coating. Efforts have
been made to engineer't HBF&%I&XE%T@%S%? fhE ?éﬁgéngquﬁﬂﬁé{ﬁ%f%ﬁq{%diﬁerent divalent
organic linkisg 20giospzirhicivlisk. td-the siiopleafmrodithe floraalkicilaaes Examples of such
divalent organic linki I includ ter ulg/)n ides, amides, ethers, thioethers, arylenes,
urethanes, and hi\? r!ﬁ@g@gé%ﬁ%@@%@ﬁ%@@ ffagmiﬁ%%%wﬁélggsggA?rﬁP 0950662 Al; EP
0640611 Al; US Z00@MN6455.:8¢1) 82005136 264 M RR@SA6 221&D asowiclk asizBommelaer, J. et al.
J. Fluorine Che%fcﬁ%ﬁhé&@%ﬂﬁ%%ﬁﬁ%ﬁn&%ﬂ HQ%AW . r%ré\/,l%ﬁﬂgs{&%m!@%g? es. Dev. 1981,

20(1), 130-133; Howarter, J. et al. Polym. Preprint§ (Ametican Chemical Society, Division of Polymer
Chemistry) 2005 SU&[85 SN 2P repieseriepdinih dnerknieesnadosiidénBehaShBdification of the RT

moiety is useful in the 30 ineering of fluoroalkyl silanes. The present invention provides for
y ﬁ% where?n E%nxg El or arg alkyl; an R%/ isa monovalerl% organic compourrz)d

terminated by a perfluoroaikyl group. When used to coat a surface, the
(RO-): moiety reacts (via hydrolysis) with various chemical groups of the
surface {e.g., hydroxyl, amine, or other reactive groups) thereby bonding
the fluoroalkyl sitane to the surface. The Ry moiety comprises a divalent
19 organic linking group which links the silicon atom to a terminat group rich
in fluorine atoms whose unigue electronic properties impart desirable
hydrophobic and oleophobic properties in a surface coating.

Efforts have been made to engineer fluoroalkyl silanes by

incorporating Rt moieties which have different divalent organic finking

20 groups which link to the siticon atom of the fluoroalky! silane. Examples of
such divalent organic linking groups include esters, sulfonamides, amides,
ethers, thioethers, arylenes, urethanes, and hydrines as discussed by EP
01567218 A1; JP 2002053805 A; EP 0950662 A1; EP 0640611 A1; US
2006147645 A1, US 2005136264 A1, EP 864622 A2 as well as

25 Bommelaer, J. et al. J. Fluorine Chem. 1991, 55(1), 79-83; Bovenkamp,
J. W. etal, Ind. Eng. Chem. Prod. Res. Dev. 1881, 20(1), 130-133,
Howarter, J. etal. Pofym. Preprints (American Chemical Society,
Division of Polymer Chemistry) 2005, 46(2), 21-22). The foregoing
references are evidence that modification of the Rt moiety is useful in the

30 engineering of fluoroalkyl silanes... The present invention provides for



fluoroalkyl silanes having RT moieties which have not been heretofore considered. BRIEF SUMMARY
OF THE INVENTION In one aspect, there is provided a fluorosilane represented by
(L)3-Si-(CH2)n-(Z1)a-[C(X1)]x-(Z2),-Q1-RfFormula 1 wherein: each n is independently an integer from
1t012; a, X, afidarasdiyitetrreschaseg Suchateiahoviiofetyaot Fotineda heepirsisented by -(Z1
Ya-[C(X1))x-(Z2),- &;Hgﬁggg_resents at least one of the following moieties: i) a first moiety wherein a=1,
- x=1, and 1=1; and 1) a second moiety wherein 2=1, x=0; and 1=0; L is independently chosen from

a hydrolysable or non-hydrolysable;mepozaigmiAre¥mE FHE §RoepR M a C2-Ci2 perfluoroalkyl
provided that: i) one fluorine atom of the perfluoroalkyl can be optionally feplaced by hydrogen, and/or

IL) the parfluoroalkyl capn gﬁeoggli%ms II){HQFEE%J%?&@%@%I%% Oé}?agéyégé%ﬁrgﬁé%ﬁﬁne, or ethylene;

Q1 is chosen from the group co ingo rocarbylené o ¥rupted by at least

one divalent organjc group; Is,chos . Ihe first moiety further defined wherein Z1 and
Z2 are chosen suzgﬁﬁgu%ﬁﬁg%q@é{ﬁg%?é@{gﬂ\ 'ﬂ% grou 8Bﬁ§5§tﬂng of -NH-, -0-, -S-,
-NH-S(0)--, -N[C(Q,}h%im—rl;HC(COOH)(Rl)]CH-S-, and -(R1)CH-[HC(COOH)]-S-; b) alternatively, Z2 is
-NH- and Z1 is from the group consisting of -0-, and -S-; provided that when Z1 or Z2 is 0, or when Z1

is -NH- and Z2 is -NH-cthen Qi jigsierseted By pidepstrne diyglent moiety chosen from the group
consisting of -S-, -S(0)-, -S(0)2-, ’

a, X, and | are integers chesen such that the moiety of Formuia 1

represented by —(Z).~[CX Jx~(Z%)— further represents at least one of the
following moieties:

[} a first moiety wherain a=1, x=1, and =1; and
i} asecond moiéty whérein a=1, x=0; and 1=0;

L is independently chosen from a hydro#ysabi-e or non-hydrolysable
monovalent group |

R¢ is chesen from a C~Cyz perfiucroalkyl provided that: i) one
fluorine atom of the perfiuoroalky! can be optionally replaced by hydrogen,
and/for i) the parfluoroalky! can be optionally interrupted by &t least one

oxygen, methylene, or ethylene;

Q' is chosen from the group consisting of a C-C1; hvdrocarbylene
optionally interrupted by at isast one divalent organic group;

X' is chosen from O or ;
the first moiety further defined wherein 7" and Z? are chosan such that:

a) Z'is =NH- and Z* is from the group consisting of -=NH-, -0
—S—, “NH-8(O})z—, ~NIC(O}H}~, THC(COOH}RCH-S—, and

3

~(R"YCH-[HC(COOH)-5~;

b) alternatively, Z* is ~NH~ and Z is from the group consisting of
~0O~, and —5—;



-NR1-S(0)2-, -N(CH)3S(0)2-, and NN each R1 is independently chosen from hydrogen, phenyl, or a
monovalent Ci-Ca alkyl optionally terminated by -C61-13, preferably H or CH3; the second moiety
further defined wherein: a) Z1 is-N(-Q3-Rf); and b) Q1 and Qs are independently chosen from the

group consisting of a C2-rb3ilydeaibyisng infeptiied By%@@%tﬁggl\mcl%)zé)l or -0-C(0)-, and
optionally further interrupted bé@,t least one divalent organic group. Unless'o erfise Statsd herein the
definitions used herein for 1 ziS- Dig{ripted by tpeastmng dixssile miviatyctiwsdefirtions set forth

above for Formula 1 th@ge&rm%ﬁyi@fgglgn%ojg}r@}uilaﬁ@ an isocyanate derived fluorosilane
being a urea or thiourea fluorosilane wherein: Z1 and Z2 ‘are both -NH-; said urea or thiourea '

represented by the formula: P3Si-- CH2)n-NH-C(X1)-NH-Ql-%ﬁyherein: X1 is 0 to form a urea
fiuorosilane, or X1 is S to T2 thlsurediffabiei@ie-aant  2'is independently chosen from the

group consisting of a CZ-ClE rﬁarocaégglene Oﬁ)tionally interrupted by at least one divalent moiety
_chosen from the group c&iSiating'BiNeSPeagRnt S EiYeseq dtpm-by@doaenoprsfgirodairea or thiourea

fluorosilane is one whereindréigient Cy-C; alkyl optionally terminated by ~CsHs, preferably
' H or CHaz:

- the second moiety further dafined wherein:

“a) 2" is-N(-Q3Ry); and
b} Q'and Q®are independently chosen from the group consisting
of & C-C+2 hydrocarbyiene interrupted by at jeast one of
~C{O-0-or ~-O-C(O)-, and optionaliy further interrupted by at -
lezst one divaient organic group.

Unless otherwise stated herain the definitions used herein for L, n,
Z', X', 7%, Q", @° R', and R ars identical to the definitions set forth above
for Formula 1. '

A preferred fiuorositane of Formuta 1 is anisocyanate derived
fluorosilane being a urea or thiourea fiuorosiiane whersin:

7' and Z? are both —NH-;

said urea or thiourea represented by the formula:
(L)sSi~{CHo)r—NH-C(X"}-NH-Q 'R,
wherein:
X' is O to form a urea fluorosilane, or X' is S to form & thioures
fluoresiiane; and
Qlis independently chosen from the group consisting of & C2-Cys
hydrocarbylene optionally interrupied by at least one divalent moiety

chosen from the group consisting of 8-, —S(0}-, ~8{0)y~, and
—O~C(O)-NH —.

A preferred urea or thiourea fluorositane is one wherein Rsis
chosen from a C>—C+; perfiuorcaltkyt and Q' is independently chosen from

3



chosen from a C2-C12 perfluoroalkyl and Q1 is independently chosen from the group consisting of a
02-012 hydrocarbylene interrupted by at least one divalent moiety chosen from the group consisting of
-S-, -S(0)-, -§O)$7_and"=(_)-0(0)-NH A preferred urea or thiourea fluorosilane is one wherein Rf is
5chosen front 2 892619 5 erfluoroalkyl provided that: i) one fluorine atom BETESISIRBAIKyI is
replaced by hydrogen, and/or ii) the perfluoroalkyl is interrupted by at least one oxygen, methylene, or
ethylene; Q is chdsegfoomthesigtingratansisiihg nfdré2a Gl Bhydnosadpytensyostiensiiyiaterrupted by

at least one divaley |G referred isocyanat riv orogjlane of Formula 1
is a carbamate fll?}ﬂgzél%fltlﬂég\;v Rzr%ﬁ)ﬁ%sg ﬁ?\ﬁ@ %S%ZC%H%SX grgff Tgo-—?rj@ Zng-lﬁl)?'f;"’and X1is 0;
said carbamate réf@séhtedhyite-formulae: 15(L)3SHCH2)n-NH-C(0)-0-Q1-Rf, or
(L)3BSHCH2),1-0-C(0)-N H-Q 1-Rf wherein: Q1 is a 02-C12 hydrocarbylene interrupted by at least
one divalent moiety cho8eh $f8ethergravip teREgsPsShRNTiOPNHYaBINARSS 20 NH-, -S-, -5(0)-,
-S(0)2-, -(RLIN-StBlken frofn refeimsd samansiRfusiasiaperaonenbepinRi&agsen from a

C2-C12 perfluoroalkyl and Q1 js independently chosen from the group consisting of a 02-012
hydrocarbylene in%%erﬁ%@ﬁ%iﬁ ylé%é%%%&‘%a\%@éﬂmsw BRE&EH HoR ReEYR5R Y Hgisting of -S-,
-5(0)-, -S(0)2-, 25mpdupteddyNiticastAnselieytamh carbtyiata:flupemBiane iorenhriein Rf is chosen

from a C2-012 perfluornalkyl provided.that: i) ane fluorine atom of the perfluoroalkyl is replaced by
&g)%tﬁgeq'ylf Coﬁ?tgtmﬁw?;raru%ﬁ By%gﬁ [SSEIHENSK B?é?f‘ Ethylene, or ethylene; Q

hydrogen, and/or ii) the p roalkyr'is
is chosen interrupted by at least one divalent organic group.
10 Another preferred isocyanate derived fluorosilane of Formuia 1 is a

carbamate ﬂ_\uorositane wherein:
Z'is -NH-~ and 2% is ~O—, or Z' is O~ and Z2 is -NH-; and
X'is O;

said carbamate repreéented by the formuiae:

15 (L)3Si{CHy),-NH-C(O)-0-Q "Ry, or

(L)5Si~(CH2)a—O-C({O)-NH-Q =Ry

wherein:

| Q'isa Co~Cro hydrocarbylene interrupted by at least one divalent

moiety chosen from the group consisting of ~-NH-C({O)-NH~, ~NH-C(S)—

2 e
i

20 NH-, -S-,-S(O}, ~S(0)—, ~(R"IN-S(O)p—, t=t

A preferred carbamate fluorosilane is one wherein R is chosen
from a Czu_Cm perfluoroalkyl and Q' is independently chosen from the
group consisting of a C,-C4» hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of —S—, ~S{(O)~, ~S{0)z—,

- 25 and ~O-C{O)}-NH ~.

A preferred carbamate fluorosilane is one wherein Ry is chosen
from a C—Cy2 perfluoroalkyl provided that: i) one fluorine atom of the
perfiuoroalkyl is replaced by hydrogen, and/or ii) the perfiucroalky! is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen

4



from the group consisting of a 02-012 hydrocarbylene optionally interrupted by at least one divalent
organic group. Another preferred isocyanate derived fluorosilane of Formula 1 is a thiolcarbamate
‘fluorosilane wherein™571 is -NH- and Z2 is -S-, or Z1 is -S- and Z2 is-NH-; and X1 is 0; said
carbamate r&HSEEHETBy the formulae: (L)3Si-(CH2)n-NH-C(0)-S-Q1-RP&T/US2008/085109
(L)3Si-(CH2)n-S-C(0)-NH-Q1-Rf 10wherein: Q1 is independently chosen from the group consisting of
a 02-012 hydrocdrbylehe grtipnediysisteroupted by @t laastonetsiieipneteiy chosen from the group

consising of -S40 S(0)7- NRILHGr,.Ne COLN(RL (RUN-S(0)2- andN=N 15A
bamae u }l IS S

preferred thiolcar orosilane Is one \Yv%ereiﬁ n from a C2-C12 perfluoroalkyl and Q1

is independently chosemymmmqggmé)&@rggzpﬁgg?g)gﬁ%g%(r)}gw%}ﬁqp%ﬁg%géed by at least

one divalent moiety chosen from the group consisting of -S-, - 2-,an -NH 20A
preferred thiolcarbiifASATGESIPIO T BHEWISEREH Rf is chosen from a C2-C12 perfluoroalkyl
provided that; i) one flyorine atom of the perfluoroalkyl is replaced by hydrogen, and/or ii) the
perfluoroalkyf is interr#pt’éd“ 71409t ofis Bry§ert Miethyiels! 6r Srfénes’is chosen from the

group consisting of a 9}2 .hydrocarbylene optionally 25interrupted by at least one divalent organic
group. Another préferred'isocyanate derived fluorosilane of Formula 1 is a N-sulfone urea

fluorosilane whergif; g3k Y rBRFL &R Y RO ANMe:
(L3S~ CHz)p-NH~C(O)-S~Q"—R; or
(L)3Si~(CH2)—S—C(O)-NH-Q"-R;
10 wherein:

Q' is independently chosen from the group consisting of a Co-Cy»
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of ~S—, —S(O ), ~S(0O)e—, ~“N(R"-C(O}~,

_(\N_
~C(O)-N(R"}~, ~(R')N=-S(O)o~, ang  h=n
15 A preferred thiolcarbamate fluorosilane is one wherein Ry is chosen
from a C~C12 perfluoroalkyl and Q' is independentty chosen from the
group consisting of a Cz-Cq2 hydrocarbylene interrupted by at ieast one
divaient moiety chosen from the group consisting of ~8—, ~S(O)~, ~S(0)z-,
and —~-O-C(O)—NH —.

20 A preferred thiolcarbamate fiuorositane is one wherein R is chosen
from a C—C4z perfluoroalky! provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii} the perfluorcalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C~Cs; hydrocarbylene optionally

25 interrupted by at ieast one divalent organic group.

Another preferred isocyanate derived fluorosilane of Formula 1 is a
N-sulfone urea fluorosiiane wherein:

Z'is =NH-, and 7% is -NH-8(O)x—; and



X1 is 0; said N-sulfone urea represented by the formula: (L)3SHCH2),-NH-C(0)-NH-S(0)2-Q1-Rf
wherein: 5Q1 is independently chosen from the group consisting of an uninterrupted C2-C12
hydrocarbylere~~-. - -Anether preferred isocyanate derived fluorosilane of Formula 1 is a formyl urea
fluorosilane WHERIMOEEIS x=1, and 1=1; and 10Z1 is -NH-, and 2 is -N[C(Bymjusseistdesavy| urea
represented by the formula: (L)3Si-(CH2)n-NH-C(X1)-N[C(0)H]-01-1:21 wherein: Qlis
independently chosen{iogdhe group consisting of a C2-C12 15hydrocarbylene interrupted by at least
one divalent moiety chosen from the group consisting of -S- and -NH-. Another preferred
fluorosilane of Fosaidibl-bisiarihioethessecein@misyapid fuorasiiane wherein: a=1, x=1, and 1=1; 20Z1
is -NH- and Z2 is -[HC(COOH)(R1))CH-S- or -(R1)CH-[1-1C(COOH)]-S-; X1 is 0; and Q1 is -(CH2)2-
said thioether succinamic acid reflreSeniet Hy-tie-ferituad--S(0)-Q" —Rf
(L)3S1(CH2)n-NH- rC]:(O),4HC(COOH)(Rl))CRl (CH2)rn-S-(CH2)2-Rf, or

wherein:

) Q' is independently chosen from the group consisting of an
uninterrupted C,-Cyz hydrocarbylene.

Another preferred isocyanate derived fluorosiiane of Formula 1is a
formyl urea fluorosilane wherein: '

a=1, x=1, and =1, and
10 Z"is ~NH-, and Z* is ~N[C(O)H}—;
said formy! urea represented by the formula:
(L)sSi~(CHa)n=NH-C(X" -N[C(O)HI~-Q'~R;
wherein:

Q'is ndependently chosen from the group consisting of a Co-C1y
15 hydrocarbylene interrupted by at least one divalent moiety chosen from
the group consisting of —=S— and —NH-,

Another preferred fluoresilane of Formula 1 is a thiosther

succinamic acid fluorosiiane wherein:
a=1, x=1, and I=1;
20 Z'is =NH- and Z% is [HC(COOH)R')]CH-S- or
~(R"YCH-[HC(COOH)-S~;
X'is O; and Q" is «(CHa)o—
said thiogther succinamic acid represented by the formulase:
(L)sSi—(CH2)n=NH~C(OHC(COOH)RCR'~(CH)m~S—(CH2)Rs, or
25 {L)3Si~(CH2)n=NH-C(O}~(R"YCH-ICR (COOH)}~(CH2)m=S~(CHz)—R:

wherein m is 1 or 0, preferably 0, wherein each R' is indepenaently
chosen from methyl or hydrogen preferabiy H.



25(L)3S(CH2)n-NH-C(0)-(R1)CH-4CR1(000H)HCH2)m-S-(CH2)2-Rf  wherein mis 1 or O, preferably
0, wherein each R1 is independently chosen from methyl or hydrogen preferably H.  Another
preferred fluerositane~ef-Formula 1 is a tertiary amine fluorosilane wherein: a=1, x=0; and 1=0; and Z1
is -N[-03-(ROY 0549410 téHfary amine represented by the formula: If Q13 (L)BSH(THETN5109Q1 and Q3 is
independently chosen from the group consisting of a 02C12 hydrocarbylene interrupted by at least one

-C(0)-0- and optionalhristibepioterreptisblyspaieast Poerlivalen Melel-¢psag from the group 10

consisting of -S-, :S(0)-,.:S(0)2-, -N(R1)-C(0)-, -C(0)-N(R1)-, - (R1)N-S(0)2-, andN--r1, . Q1 and Q3
fadrosit

are preferably the samé I Ere g?lrg tertiary amine fluorosilanes of the present invention. DETAILED

DESCRIPTION OF THE,INVER TI%P% I%p grred fluorosilane of Formula 1 is an isocyanate derived
15 fluorosilane represented by (L)3-Si-( n-Z1-C(X1)-Z2-Q1-Rf wherein Z1 is -NH- and Z2 is from

the group consisting of -Hg QN[S-QQ—Q@;)!\U;‘" S(0)r; alternatively, Z2 is -NH- and Z1 is from the group
consisting of - 0-, and -S-; provided that one or both of Z1 and Z2 is -NH-; and provided that when Z1

or Z2is -0-, @1 issaiG et/ ydrocathyienpmistesipieddinala:
i
s
(L), Si—(CH,)=N—0LR,

Q' and Q° is independently chosen from the group consisting of a Cy-
Caz hydrg_;garbyEene interrupted by at least one —C(O)-O~ and optionally
further intérrupted by at least one divalent moiety chosen from the group
10 consisting of -S—, ~S(O}~, =S(O)—, -N(R")~C(O)-, —C(OWNR"}-, -

7 N N—

(RYN-S(O)~, and  *=i . Q'and Q° are preferably the same in
preferred tertiary amine fluorosilanes of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A preferred fluorosilane of Formula 1 is an isocyanate derived
15 fluorosilane represented by (L)s=Si—~(CHz)n—Z '—C(X"}-Z%-Q"-R; wherein 7'
is =~NH- and Z* is from the group consisting of ~NH-—, 0O, -S—, and —NH-
8(O)-; alternatively, Z* is ~NH- and Z" is from the group consisting of —
O-, and —-S~; provided that one or both of Z* and Z? is -NH~; and provided
that when Z' or Z2 is <O, Q" is a Co=Cry hydrocarbylene interrupted by at
20 least one divalent moiety chosen from the group consisting of —S—,
— N
~8(0O), =8(O)z—, =NH-S(O)—, -N(CH}:S(O)—, and =N
Isocyanate derived fluorosilanes of the invention can be made by
reacting an isocyanate or isothiocyanate with any one of an amine, an
alcohol or thiol. For example, an isocyanate terminated silane or
25 isothiocyanate, as represented by (L)s=8Si~{CHz)i—N=C=X"can be reacted
with a fluoroalkyl terminated by amine, alcohal, thiol, or sulfonamine, as

7



20 least one divalent moiety chosen from the group consisting of -S-, -5(0)-, -5(0)--, -NH-S(0)2-,
-N(CH)5S(0)r-, and N=N Isocyanate derived fluorosilanes of the invention can be made by reacting an
isocyanate or-isethioeyanate with any one of an amine, an alcohol or thiol. For example, an isocyanate
terminated SYAhBW2598othiocyanate, as represented by (143-Si-(CH2)ROTAG20¢8/BaH e reacted
with a fluoroalkyl terminated by amine, alcohol, thiol, or sulfonamine, as represented by HZ2-Q1-Rf

(wherein Z2 is -Nidpfséntedr b HZ 5(Q)2-k; Gompieiisely iq-Siane tesmingtechpyagine, alcohol, thiol, or
sulfonamine, as r, sented by (L)3-Si-(CH2),-Z1H (wherein Z1 is -NH-, 0, or S), can be reacted with
a fluoroalkyl termﬁ&%ﬁ%ﬁ%&%‘r@fe%& g tFﬁBWé%ﬁfje?\égwﬂ?egé‘?ﬁgalby R4 OE=N-Q1-R1. A
preferred isocyarsatéoderiee, tsorsitaee tisctbyrda Ao Hane Bkt (emerinZ0jandl, and Z2 are
both -NN-; said u luQrasilane represented 3SI-(CH2)N-NH-C(0)-NH-0O1-R. Urea fluorosilanes
of the invention cg‘laﬁe%%ggg% F%e%%tt%ngv‘gtﬁ] i%%ﬁé'jﬁgzﬁgﬁ(ey E/v?l?ﬁng{ﬁaat?nqné I]—ggr%a%t(%r%ble, an isocyanate
terminated sflangsalieprasrinteas byresesietth), .m0 tairbe reacted with an amine terminated
fluoroalkyl, as represented by H2N-Q1-R1. Conversely, an amine terminated silane, as represented by
(L)3-SiCH2)n-NH2, can’be FeiEesui St alipissisarra dierritaned s acreailiiormsiaptesented by 15
0=C=N-Q1-R. whAsetheniclered isbeynzte fesyed fugrosia arsantiinysmamBuorosilane wherein
X1is S; and Z1 and Z2 are both -NH-; sgid thiourea fluorosilane represented by
(L)SSi-(CHZ)n-Nm@@wﬁebﬁx-%%%i ’a“m%é@gﬁgyﬁgtﬁ&n ififo u@éﬂgﬂé’}?\%ﬁé by reacting
an isothiocyanatér20winéaracaineeroieexanpleing isotisooyarmtewnzinatechsilafe; as represented
by (L)3-Si-(GH2)n-N=C=S iS.se 556167621 can be reacted with an amine terminated
fluoroalkyl, @re%@s@%@e’dﬁl Eﬁgﬁﬁi?%%%gﬁ%%éél&“a% amir er?grerﬁ?ﬁgttgﬁ silane, as represented by
(L)3-Si-(CH2)n-Nirly;. sandapanied it ad s aa et erminated

fluoroaikyl, as represented by HaN-Q'-R. Conversely, an amine

terminated silane, as represented by (L)s—Si—(CH:),—NHz, can be reacted

with an isocyanate terminated fluoroalkyl, as represented by

15 0=C=N-Q'-R..

Another preferred isocyanate derived fluorosilane is a thiourea
fluorosilane wherein X' is S; and Z" and 72 are both —NH~; said thiourea
fluorositane represented by (L)sSi~(CHa)r—NH-C(S)—-NH~Q'~R;. Thiourea
fluorosilanes of the invention can be made by reacting an isothiocyanate

20  with an amine. = For example, a isothiocyanate terminated silane, as
represented by (L )s—Si~(CH.)—N=C=8 [Synthesis see &.g., US5616762]
can be reacted with an amine terminated fluoroalkyl, as represented by
HoN-Q'-R;. Conversely, an amine terminated silane, as represented by
{L)3—SiHCH2)+—NHz, can be reacted with a isothiocyanate terminated

25 fluoroalkyl, as represented by S=C=N-Q'-R;.

Another preferred isocyanate derived fluorosilane is a carbamate
fiuorosilane wherein X' is O; and Z" is ~NH- and Z% is O, or 2" is ~-O—
and Z? is -NH-~; said carbamate fluorosiiane represented by the formulae;

(L)3Si~{CH2)y~NH~C(0)}~0-Q "R or (L}sSi~(CHz)r—O~C(O)-NH-Q'-R;.

30 Carbamate fluorosiianes of the invention can be made by reacting
an isocyanate with an aicohol in the presence of a catalyst such as



25 fluoroalkyl, as represented by S=C=N-Q1-Rf. Another preferred isocyanate derived fluorosilane
is a carbamate fluorosilane wherein X1 is 0; and Z1 is -NH- and Z2 is -0-, or Z1 is -0- and Z2 is -NH-;
said carbamate-ftuoresitane represented by the formulae: (L)3SHCH4n-NH-C(0)-0-Q1-Rf or
(L)3SHCH2)W 28§ KR13-31-Rf. 30Carbamate fluorosilanes of the inven®6A/€&aopofsate by reacting
an isocyanate with an alcohol in the presence of a catalyst such as dibutyltin dilaurate, iron trichloride,

or tetraethoxy titagibutyitfrogiexamplesorntispyenatertesrisaies Sianias Frivessmisd by
(143-Si-(CH2)nN=C=0, can be reacted with an alcohol terminated fluoroalkyl, as represented by
HO-Q1-Rf. COnvS‘Ps&?/%an“g?%éﬁB’T‘{’é ?r?\f%i%é?&‘%i|8ﬁé?%?%%’§8@érd¥éﬁ%&'ﬁéé‘§2émH2)n-OH, can be
reacted with an idéefatatestetrirnsteidduotvalky|casveimeseated BydsalirN-@3-R1. The
carbamate fluorogi :qr@m t inyent a that Ol is.chosen from the group
consisting of a ngg{%‘%%%%?c? ocarlfﬁen%inratfeﬁygfgglr%ygﬁt tﬁﬁoﬁl&é{ R%ﬂteera %H%%?yac%osen from the
group consisting GRNBEMES)INH-, -NH-C(S)-NH-, -S-, -5(0)-, -S(0)2-, -(R1)N-S(0)2-,. Preferably,
carbamate fluorosilanes of  the invention are made by reacting an isocyanate terminated silane, as
ﬁiliﬁﬁ‘

represented by HOWTEREH Rl AATLICBR G ERATEEH MLARJERSIUHIB AT TER®RCthe group of

sulfonamindo alcirotszai, alceholdesminptsdaeazolesPreferred sulfonamido alcohols include those
represented by: HO-(CH2)-HN-S(0)2-(CH2)f-Rf, HO-(CH2)r-N(CH3)-5(0)2-(CH2)r-Rf, HO-(CH2)r-
(CH3-CH2-)N-S(0)2-(CH2grerfpanch e O(SoslECd HTHR (G2 NS )priRErwheredn t is independently

L,2, or 3. Preferrgg:algohoh 2ABHIRRI R 3ROl IR AR orapresented by
10 hydrocarbylene interrupted by at least one divalent moiety chosen from
the group consisting of —-NH-C(O)}-NH-, -NH-C(S}-NH-, -S—, -S(0)-,

 N—
-5(O)e, —(R’)N-—S(O)z-—, =t Preferably, carbamate fluorosilanes of

the invention are made by reacting an isocyanate terminated silane, as
represented by HO-Q'-R;, with an aicohol terminated fluoroalkyi chosen

15 from the group of sulfonamindo alcohols and alcoho! terminated triazoles.
Preferred sulfonamido alcohols include those represented by: HO—~(CHa)—
HN-S(O);—~(CHz)—Rt, HO~{CH2}—N(CH3)-S(O)~(CHz)—Ry, HO—{CHa)—
(CH3~CHz-IN-S(O)2~CH2)—R:, and HO~(CHz)—(CHz~CHx~CHo— )N~
(CH2)—Ry¢; wherein t is independently 1, 2, or 3. Preferred aicohol

20  terminated triazoles include those represented by

HO—(CHz);—(\}\Im(CHZ)t—Rf

N=N
wherein t is independently 1, 2, or 3.

Another preferred isocyanate derived fluorosilane is a
thiolcarbamate fiuorosilane wherein X' is O; and Z' is -NH- and Z%is -S—,
25  orZ'is -S~and Z% is -NH-; said thiolcarbamate fluorosilane represented

by the formulae: (L)3Si—(CHz)a~NH-~C(O}-S—Q"-R or (L )3Si~(CHz)—S—
C(O}-NH-Q'-R;. Thiolcarbamate flucrositanes of the invention can be
made by reacting an isocyanate with a thiol in the presence of a catalyst
such as dibutyltin dilaurate, iron tricholide, or tetraethoxytitanium. For

30 example, an isocyanate terminated silane, as represented by (L)s—Si—

9



HO-(CH2)teNN-(CH2)t-Rf N=N wherein t is independently 1, 2, or 3. Another preferred isocyanate
derived fluorosilane is a thiolcarbamate fluorosilane wherein X/ is 0; and ZI is -NH- and Z2 is -S-, 250r
Z1 is -S- and-Z24s -NH-; said thiolcarba mate fluorosilane represented by the formulae:
(L)3Si-(CH2RONREES-Q1-R10or (L)3Si-(CH2)n-SC(0)-NH-Q1-Rf. Thiokzrhismasefiuorosilanes of
the invention can be made by reacting an isocyanate with a thiol in the presence of a catalyst such as

dibutyltin dilauratecigp-wietiesan trtireitieuyitaniumior e-3hexempleaiigpcyanate terminated
silane, as represented b\ﬁ/ %‘%—Si- %Ij%n-%:czo, can be reacted with a thiol terminated fluoroalkyl,
- ersely’-a

as represented bP PSSR DS RIOIGEHYn AU UitEHEINGE SHESEN @RI by
(L)3-Si-(CH2),-Siremasdrectagtddwih-tDHspeBnatartdrnisatestiivoraaikgb agrepsesented by

0=-C=N-01-R1. r pref isocyanate derived fluorasilane is.a N-sulfone urea fluorosilane
represented by (ﬁ%ﬁ%‘ﬁ%@@)&ﬁF?%?&)‘?“Bﬁ%ﬁéf%h%?ﬁﬁ%‘I IS independently chosen from the
group consisting of an %ggﬁgpﬂ@@%%%%%c%p%@@guglrgg,”meiéjgeﬁ_%%%sglanes of the

invention can be made by reacting an isocyanate terminated silane, as 10 representeq by
(L)3-Si-(CH2)n-N=E2{U/ies 152 8B FBRESsRnceR AYiHarstHGdtoattii-da (fehid e by ' -
NH2--S(0)2-01-RR, wheheiatlenpiederseddsasy anaissdarbadrbigrosians issaigrong urea fluorosilane

represented by (%ﬁSi-&CH@@ﬁH-C%(%-Né[é}%))Hl-Ql-Rf, wherein C%l is a C2-C12 hydrocarbylene
interrupted by at SXREOHE §i0 &raitt s SYARER NE8EN Hoth tRReYERA Tnierirresdhand -NH-.
Isocyanate derivénivBotoosianes ofdbe bwerdimimgam o oyadetbteeartingpsiknae serminated
isocyanate,repr g é} 37Si-( H_geﬂ\l:_:g with an.N-vinylformamide fluoroalkyl, represented
by HNEC(Og 116%81?% ,rﬁwg Itg/p(r §e%§c of Q%%walgst@uvgﬁha% Mﬁpﬁt%;% Irga'r%ﬁ{ae: ron trichloride, or
tetraethoxy titanifleeroalkyl, as represented by NH~S(0)—Q'-R;.
Ancther preferred isocyanate derived fluorosilane is a formyi urea
fluorosilane represented by (L)sSi~(CHz)o—NH-C(X"-N[C(O)HI-Q'-R;,
wherein Q' is a Co~C1» hydrocarbylene interrupted by at ieast one divalent
15 moiety chosen from the group consisting of -S— and —NH-.

Isocyanate derived fluorosilanes of the invention can be made by
reacting a silane terminated isocyanate, represented by (L)a—Si—~(CHy)y—
N=C=0, with an N-vinyiformamide fluoroalkyl, represented by
HN[C(O)H]-Q'-Ry, in the presence of a catalyst such as dibutyltin

20  dilaurate, iron trichloride, or tetrasthoxy titanium.

Another preferred fluorosilane of Formula 1 is a thioether
succinamic acid flucrosilane represented by the formulae:

(L)38i=(CH2)—NH-C(O)-HC(COOHNRHCR ' ~(CHa)y—S—(CH2)o~R;, or
(L)sSI~{CH2)n~NH-C(O)~(R")CH-[CR (COOH)]~(CHz)m~S—(CHz)~Ry

25  wherein m 1or 0, pref 0; wherein each R’ is independently chosen from
methyl or hydrogen preferably H. Thioether succinamic acid fluorositanes
of the invention can be made by reacting an amine terminated silane, as
represented by (L)s—Si—(CH,)—NH,, with a succinic anhydride terminated

o

?;}s-(c:HQ)Z-Rf
fluoroatkyl, as represented by © . thereby yielding an

10



Another preferred fluorosilane of Formula 1 is a thioether succinamic acid fluorosilane represented by
the formulae: (L)3Si-(CH2),-NH-C(0)-[HC(COOH)(R1)]CR1-(CH2)m-S-(CH2)2-Rf, or
(L)3Si-(CH2-NH-G{6}R1)CH-[CR1(COOH)]-(CH2)m-S-(CH2)2-Rf 25 wherein m 1 or 0, pref 0;
wherein each RA#8/iigEpendently chosen from methyl or hydrogen prefef&B H09BR#RFd#Mer succinamic
acid fluorosilanes of the invention can be made by reacting an amine terminated silane, as

represented by (ig8-Sar(€ikirhl B2nhwitharssissitaan yeddr ppaiaated-epre Pt fluoroalkyl,
as represented by 1 \%q WO 20091073595PCT/US20081085109 isomeric mixture of thioether

succinamic acid fiforagi4 B?)\l@sented by the formulae above Tertiary amine fluorosilane of

the invention represent%é%l%%%‘%é\?f@HL@?%%H%%%%%%W@J&HEQ% % %:Sagrb%%?g e by the Michael

reaction of about one molar equivalent ot an amino silane represente 2)n-NH2 with
about two molar &joiuients of a vinyl terminated fluoroalkyl selected from Q6-Rf or 07-Rf or a mixture
thereof wherein Q6 and Q7 are independently selected from C4-C12 hydrocarbylene 10 terminated
with propenoyloxy group (CHZ:C)?-C(O)-O-) and said hydrocarbylene optionally interrupted by at least
one divalent moiety chosen from the; group consisting of -S-, -5(0)-, -5(0)2-, -N(R1)-C(0)-,
-(R1)N-S(0)2-, andN=Nwherein Rl?chosen from hydrogen, phenyl, or a monovalent C1-C8 alkyl

optionally termin?%dst?y - tﬁﬁ HE ;Le{?;r_afgly H or CH3. One example of Q6-Rf or Q7-R is CH2=CH2-

C(0)-0-(CH252-Rf TRHe conditiofis' of Michael reestitre anadectikimanmidh deeradotnd, ah accordance with

the invention, can inv?Ive a solvent such a %thanol and §tirrini%at elevat(?gt p§.ratures (e.g., about
Ou ane y?mg I~

60 C) for an exteﬁged ggﬁo Oo?”‘ii(r%nqeut ea.g:?.r,1 about grﬂg]l?rgj presenie
(CHz)n—NH: with about two molar eguivalents of a vinyl terminaied

fluoroalkyl selected from Q°-R; or Q"-R; or a mixture thereof wherein Q°
and Q' are independently selected from C4-Cqo hydrocarbylene

10 terminated with propenoyloxy group (CH;=CH—~C(0O)~0O-) and said
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —=S—, —=S(O)—, —=S(0)z—, ~-N(R")-C(O}~,

N N—

~C(O-N(R"}-, (R N-S(Q)>—, and —Q ; wherein R chosen from
hydrogen, phenyt, or a monovalent C1-Cg alky! optionally terminated by —

15  CeHs, preferably H or CHa. One example of Q°-R; or Q—R: is CH,=CHo~
C(O-0—{CHz)>—R: The conditions of Michael reaction are well known in
the art and, in accordance with the invention, can involve a solvent such
as ethanol and stirring at elevated temperatures (e.g., about 60 °C) for an
extended period of time (e.g., about 5 hours).

20 EXAMPLES

The term “CAS#" refers to unigue numerical identifiers for chemical
compounds which are published by Chemicai Abstracts Service of
Columbus, Ohio, USA.

Example 1 — synthesis of urea fluorosilane (1-[2-(3,3,4,4,5,5,6,6,7,7,8,8,8-
25  tridecafluoro-octylsulfanyl)-ethyl]-3-(triethoxysilyl-propyl}-urea)

A urea fluorosilane was synthesized by reacting an amine
terminated silane (aminopropyl triethoxysilane, APTES, CAS# 919-30-2)

11



20EXAMPLES The term "CAS#" refers to unique numerical identifiers for chemical compounds
which are published by Chemical Abstracts Service of Columbus, Ohio, USA.  Example 1 -
synthesis of-urea fluorosilane

(1-[2-(3,3,4, %8 BE B9 8,825tridecafluoro-octylsulfany1)-ethyl]-3-(trieth S EBESHY1)-urea) A
urea fluorosilane was synthesized by reacting an amine terminated silane (aminopropyl
triethoxysilane, ARRTFES), i€ddyH 2191280 A) atdthfannsaikyamats terhid 3tddi i 6@ akyl,

1,1,1,2,2,3,3,4,4,5 t| SQ Is lfanyl1)-octane, as depicted by the
folloving: (CHACT D IO as N oA o R S o e B 1
(CH3CH2-0-)38Hatia®)jBeNH-C(0)-NH-(CH2)2-S-(CH2)2--C6Fia. An equivalent of
1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-(2- isocyanato-eth sulfanyl octane dissolved in toluene, was

added dropwise {6 BSdibirifme Baliviiént o AB TS edtepRriat C. The mixture
brovid the Josrbdt SRATE e i urﬁéﬂ%.ﬁ%&&ﬁ?}ﬂéd@@m&ﬁ?ﬁ?% EA2S0, 112 (95, CH3),
NHCHD), 352 (. 211, OB TR B Gk e o N B125 45 m, 1H, CHoNED,

130 NMR (CDcis?caaméofﬂﬂwylf@&B)(@ci@H@)d@gcav@ CHROERS W23@IgEACH?2S), 32.3 (m,
CF2CH2), 33.4 (§r5ufike) 149 QdBibiGdRL ddud e tid2 NP8, i ééoQQdﬂ\%)tok%elge (m, CF2 and

CF3), 159.0(s, CO)) 20The isocyanate terminated fluoroalkyl in this example was made
0 °C. The mixture was stirred at ambient temperature for one hour. The

10  solvent was removed under vacuum {o provide the desired silane as an

amber oil.

'H NMR (CDCls): 0.57 (m, 2H, CHzSi), 1.12 (t, 9H, CHa), 1.53 (m, 2H,

CH2CH;Si), 2.31 (m, 2H, CF:CHy), 2.64 (m, 2H, SCHy), 2.69 (m, 2H,

CH;S), 3.08 (m, 2H, NHCH3), 3.32 (m, 2H, CHNH), 3.76 (m, 6H, OCHy),
15 5.26 (m, TH, NHCH,), 5.45 (m, 1H, CHyNH).

SC NMR (CDCla): 8.1 (s, CH,Si), 18.5 (s, CHs), 22.8 {5, CHCH,Si), 23.9
(s, CH2S8), 32.3 (m, CF2CHy), 33.4 (s, SCHa), 40.0 (s, NHCH,), 42.9 (s,
CHaNH}, 58.7 (s, OCHz), 106 — 122 (m, CF, and CFs), 159.0 (s, CO).

20 The isocyanate terminated fluoroalkyt in this example was made
according io the following procedure. A solution of one equivalent of 2-
(3,3,4,4,5,5,6,6,7,7,8,8,8-fridecafluoro-octylsulfanyl)-ethylamine (0.1 mol)
and one equivalent of triethyl amine (0.1 mol) in dry toiuene (350 mL) is
cooled to 0 °C (ice bath). Ethyl chloroformate (0.11 mol) is added

25 dropwise within 20 min. The mixture, while stirring, was allowed o warm
to room temperature. A second eguivalent of triethyl amine (0.1 mol) is
added followed by the dropwise addition of methyl trichiorosilane (0:12
mol) at 30 — 40 °C (addition time about 20-30 min). The mixture was then
heaied to 100 °C for 1 hour. After the mixture had cooled to ambient

30 temperature the precipitated ammonium salts were filtered off. Under
steady Ny flow, both toluene and generated ethoxy methyl dichlorosilane

12



according to the following procedure. A solution of one equivalent of 2-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octylsulfanyl)-ethylamine (0.1 mol) and one equivalent of
triethyl amine: (8-1- mok-in dry toluene (350 mL) is cooled to 000 (ice bath). Ethyl chloroformate (0.11
mol) is addeYQBYAIPWIZE within 20 min. The mixture, while stirring, was BI&RES48 &I to room
temperature. A second equivalent of triethyl amine (0.1 mol) is added followed by the dropwise

addition of methykéiehiRioRitbo# £ AG0moh Big30rhé0dsidaddiandivg ab@dudehde min). The mixture
was then heated to 100 C for 1 hour. After t ixture had copled tQ ambient 30temperature the
precipitated amr.r%rrm% _"53@%%%“HR&P@‘%%%?&H@@%%@&%% FRSW ‘i%‘fﬂ ﬁgllﬂl'gne. ar?(_j generated
ethoxy methyl dichloros} fi‘@%gév,gf@,é’,@d‘é!??'r%ﬁ-ﬁé{%ﬁﬂﬁw%-@@E%ﬁé’h&ﬁ%%%%ﬁ%“ vacuum to

furnish the tile compound'in 95'% yield as'a rown liquid.
2-(3,3,4,4,5,5,6,6VAY 88l s ideednio e iyyed tesp2itap amhEwas made by the acid catalyzed

deacylation gf N'({3,3?(:%%,‘5,%’,%1,51,5;@;é’;gaﬁi@@%éﬂ&’&‘%ﬁﬂb‘@ﬁ@ﬁﬂ%%ﬁﬁgﬁ{&}jléc%@é)ﬁ;l-ihé}cetamide which

was made by reacting 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctane-1-thiol with N-vinylamide. Example
2 - synthesis of UMUCHIIERESTERE hﬂ%ﬂﬂ%r@sﬁéﬁ‘é%@%ﬁtﬁ&%@&ﬂ?%ﬁéﬁﬁ‘@‘ an isocyanate
10terminated silangdeisogyanaippmpyhitetigsysilane) with an amine terminated fluoroalkyl,
2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctylsulfanyl)-ethylamine, as depicted by the following:

(CH3CH2-0-)3Si £ B N=CyD thdd 2N G4 2 ) R48r¢€IHPE-05F 13
(CH3CH2-0-)3Si-(CH2)3-NH-C(0)-NH-(CH2)2-S-(CH2)2-05F13.
A urea fluorosilane was synthesized by reacting an isocyanate

10  terminated silane (3-isocyanatopropyl triethoxysilane) with an amine
terminated fivoroalkyl, 2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecaflucro-
octytsulfanyl)-ethylamine, as depicted by the following:

(CHaCHo—0—-)3Si—(CH2)s~N=C=0 + HoN—~{CHz)o-S—(CHy2)o-CsF 13 —
(CH3CHz~0~)3Si={CHz)s—NH-C(O}-NH—(CH2)o~S—(CHy)>—CsF 1.

15 An equivatent of 2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-
octytsulfanyi}-ethylamine, dissolved in toluene, was added dropwise to a
solution of one equivalent of 3-isocyanatopropyl! tricthoxysilane (CAS#
24801-88-5, Gelest inc, Morrisville, PA 19067) dissolved in tolugne, at
0 °C. The mixture was stirred at ambient temperature for one hour. The

20  solvent was removed under vacuum to provide the desired silane as an
amber oil.

"H NMR (CDCla): 0.57 (m, 2H, CH,Si), 1.12 (t, OH, CHs), 1.53 (m, 2H,

CHZCH2Si), 2.31 (m, 2H, CF,CHz), 2.64 (m, 2H, SCH,), 2.69 (m, 2H,

CH,S), 3.08 (m, 2H, NHCHy), 3.32 (m, 2H, CH2NH), 3.76 (m, 6H, OCHa),
25  5.26 (m, 1H, NHCH,), 5.45 (m, 1H, CHNH).

C NMR (CDCls): 8.1 (s, CH2Si), 18.5 (s, CHoCHs), 22.8 (s, CH2CH,Si),
23.9 (s, CH28), 32.3 (m, CFsCHy), 33.4 (s, SCHy), 40.0 (s, NHCH,), 42.9
(s, CHaNH), 58.7 (5, OCHy), 106 — 122 (m, CF, and CF3), 159.0 (s, CO).

30
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15An equivalent of 2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro- octylsulfanyl)-ethylamine, dissolved in
toluene, was added dropwise to a solution of one equivalent of 3-isocyanatopropyl triethoxysilane
(CAS# 248041-88-b; tetest Inc, Morrisville, PA 19067) dissolved in toluene, at 0 C. The mixture was
stirred at antbfeftEisétature for one hour. The 20 solvent was remove&GHEEW&EEIA to provide the
desired silane as an amber oil. 1H NMR (CDCI3): 0.57 (m, 2H, CH2Si), 1.12 (t, 9H, CH3), 1.53 (m, 2H,
OH2CH2SI), 2.3 EfamBid, TFRaEkRsig 68uten Bbroéibizs, 269 (0a, ZHF Ghidshed H8itm) 2H, NHCH2),
3.32 (m, 2H, CH2NH), 3.76 (m, 6H, OCHZ2), 25 5.26 (m, 1H, NHCH2), 5.45 (m, 1H, CH2NH). 130 NMR
(CDCI3): 8.1 (s, CH2Sip 185 {sic0s:oRS V22 §/1(¢hSH2C R Br@R\g 4o, I@M28)A82.3 (M, CF2CH2),
33.4 (s, SCH2), ; JH2), 42 - , CF2 and CF3),
159.0 (s, CO). 38{9@3?% %H%yﬁﬁiﬁ%%@ﬁ?ﬁ%% aén’ﬁﬁé;r’n@yc‘gﬁ@ 'é%m?’i‘ég%her amine) A
urea fluorosilane!@asR3isthedpedl by rédeing arbiSocydh a8 teifanalearsitapy!@iiess)anatopropy!
triethoxysilare) véthyanamiereirries teaieiudd by the following: | ,
2-(3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octylsulfanyl)- 5ethyl-ammonium chloride, as depicted by the
following: (CH3CHIHEIBSIICHR) A BIHDA-MOEHENH OHR)2PHGHR)REER-CH2-CHES
(CH3CH2-O-)38I§FI_:|2)§-NH-C(O)-NH-(CH2)2-S-(CH2)2-CF2-CH2- C4F9. 10Di-i-propyl ethyl amine
(one equivalent) Was added dropwise to a mixture of

2-(3,3,5,5,6,6,7,7, ndecafuora-octylgylf )- y?ﬁp(go fur lorige- (oRg equivalent) and
3-isocyanatoproéé]%gﬁzoff;?%@%%eﬁva @r??) %A % é‘gu‘ij-%%?%g(}_giéﬁri%"Morrisville, PA
19067) in anhydreds®THF ambient temperature. The mixture was 15 stirred at 60 C for one hour. The
solvent was removed upder vacuum a]nd the pasty residue was triturated with a mixture of toluene and
hexanes (1% and filter&y PIRPYIEHY B OG0 FILPRIGNDHA5 89SS - AEPRIVIREH e desired silane
in quantitative yielthasr@nfani3es,6i6,6,6,7,7,8,8,8-undecaflucro-octyisulfanyi}-ethyl-

ammonium chioride (one equivalent) and 3-isocyanatopropy!

triethoxysilane (one equivalent) (CAS# 24801-88-5, Gelest Inc, Morrisville,
PA 19067) in anhydrous THF ambient temperature. The mixture was

15 stirred at 60 °C for one hour. The solvent was removed under vacuum
and the pasty residue was triturated with a mixture of toluene and hexanes
(1:2) and filtered. The filtrate was dried under reduced pressure to furnish
the desired silane in quantitative yield as an amber oil.

20 *H NMR (CDCls): 0.56 (m, 2H, CHSi), 1.13 (t, 9H, CHs), 1.52 (m, 2H,
CHLCH2Si), 2.24 (m, 2H, CF2CHz), 2.67 (m, 4H, CH.S and CFCH2CF,),
3.07 (m, 2H, SCHz), 3.29 (m, 2H, NHCHz), 3.58 (m, 2H, SCH.CHoNH),
3.74 (m, 6H, OCHy), 5.42 (m, 1H, NHCH,), 5.74 (m, 1H, CHaNH).

25 2-(3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octylsulfanyl)-ethyl-
ammonium chiloride was made by was made by the deacylation of N-[2-
(3,3,5,5,6,6,7,7.8,8,8-udecafluoro-octylsulfanyl)-ethylj-formamide as
follows. Concentrated hydrogen chloride solution (37.5 w/% in water, five
to six-fold molar excess) was added to a solution of one equivalent of

30 Amide Intermediate #3 in ethanol at 0 °C. The reaction mixture was
allowed to warm to ambient temperature while being stirred. After the

14



201H NMR (CDC13): 0.56(m, 2H, CH2S0, 1.13 (t, 9H, CH3), 1.52 (m, 2H, CH2CH2S0, 2.24 (m, 2H,
CF2CH2), 2.67 (m, 4H, CH2S and CF2CH2CF2), 3.07 (m, 2H, SCH2), 3.29 (m, 2H, NHCH2), 3.58 (m,
2H, SCH2CH2NH); 34 (m, 6H, OCH2), 5.42 (m, 1H, NHCH2), 5.74 (m, 1H, CH2NH).
252-(3,3,5,5Y896290%93388 - undecafluoro-octylsulfanyl)-ethyl- ammonium EXidAGRMHEHHde by was
made by the deacylation of N42- (3,3,5,5,6,6,7,7,8,8,8-udecafluoro-octylsulfanyl)-ethyll-formamide as
follows. Concentiaited fopaidgenatiioridesalutenr¢ddtonwiixioreates, stwede sixfoltd mplar excess) was
added to a solutigr}lof one.r%%ui\r/glent of §%Amide%.lntermediate #3 i et(lj-@nol at 0 C. The reaction

. rs ress & reaclion was, mpnitored. vi T
mixture was aIIoweaogo warm to a?n |erﬁ température while Belng Stirr i?ter the initial foam

formation ceased itronedcguphyixtlire WS Sipréd 1. 70 €, fo8-5 mderslTtre paigiedfaofiihe reaction
was monitored V'@tﬁfﬁ%&%‘&%‘)@{ Q% fhe ébﬁéxééh?ﬁ%u%r%i?aﬁ\vézﬁa’étel‘li%f/%ﬁ%%ﬁﬂgf’&ﬁy'su'fa”y')

ethyl-ammonium chforide was isolated in quantitative yield by stripping a atiles’'under reduced
pressure. N-f2-(3/88{iE6 §19s7 B8 8¢ SEaFRIGR-octylsulfany1)-ethyll- formamide was made by
reacting ,3,5,5,6,6,7,7,8,8,8-undecafluorooctane-1-thiol with N-vinylamide.
3,5,5,6,6,7,7,8,8,8-undé%gr&%’r%%étgrﬁe?ltﬁﬁo?\ﬁé@ﬁ%@%@%i%@?ﬂﬁ&&yﬁmogen, potassium
thioacetate (1.1 gguiatentsynamaddey ieactnlt®n,0f6,6,7,7,8,8,8-undecafluoro-

1,1,1,2,2,3,3,4,4,6 (?-unggﬁaflluor(é-gl-_iodog-octgne (1 equivalent) in THF. The reaction mixture was
stirred at 50 for Q%Sgﬁ?s he ‘Wlf WadPefhdv&d under reduced pressure. The distillation residue was

dissolved in methanol (g%@lﬁlg; WQ%@Q&&%@%&S@&%@Q’(QW—W& \,}gsarﬁ@d@gsw/% in water, three

fold excess). Additional degassed water was added to the mixture.”
3,5,5,6,6,7,198,8 BlgvecHiigsrsLbane- pakiss ek biswsakdeas theauyreRBemM layer and purified

via distillation.  Bxagapls 4sSynthesis)of urea Muswsiee hdeifudb b siamiamd (1
heptafluoropropyloxy-butylsuIfap%l)-ethylI-3-$tr|ethoxy5|IvI-propyl)-urea
equivalent) in THF.” The reaction mixture was stirred at 50 ° for 5 hours.
The THF was removed under reduced pressure. The distiliation residue
was dissolved in methanol (25 mL/0.1 mol) and treated with hydrochloric
15 acid (37 w/% in water, three fold excess). Additional degassed water was
added to the mixture. 3,5,5,6,6,7,7,8,8,8-undecafluoro-ociane-1-thiol was

collected as the fluorous bottom layer and purified via distillation.

Example 4 ~ Synthesis of yrea fluorosilane 1-[2-(3,3.4 4-tetrafiuoro-4-

heptafluoropropyloxv-butylsulfany-ethyll-3-{triethoxysiivl-propyl)-urea
20 {from PPVE thioether amine)

A urea fluorosilane was synthesized by reacting an isocyanate
terminated silane (3-isocyanatopropy! friethoxysilane) with an amine
terminated fluorcalkyl, 2-(3,3,4 4-tetraflucro-4-heptafiuoropropyloxy-
butylsulfanyl)-ethylamine, as depicted by the following:

25 (CH3CH2~0~)3Si~(CHz)3~N=C=0 + H2N"‘“‘“(CH2)2"“S"‘(CHQ)Z"C2F4OC3F9 ey
(CHaCH—0-)3Si—(CH2)3=NH-C(O)}-NH—(CH2):~S—~(CHa)s— C2F s0CsF.

An equivalent of 2-(3,3,4,4-tetrafluoro-4-heptafiuoropropyloxy-
butyisulfanyl)-ethylamine was added dropwise to a solution of one
equivalent of 3-isocyanatopropyl triethoxysilane. The reaction

30 temperature rose to 65 °C due to the occurring exotherm. The reaction
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20(from PPVE thioether amine) A urea fluorosilane was synthesized by reacting an isocyanate
terminated silane (3-isocyanatopropyl triethoxysilane) with an amine terminated fluoroalkyl,
2-(3,3,4,4-tetrafldoro~4-h e ptafl uoro propyloxybutylsulfanyl)-ethylamine, as depicted by the following:
25 (CH3CH>0-}98MG#2)3-N=C=0 + H2N-(CH2)z-S-(CH2)2-C2F40C3F8CT/US2008/485109
(CH3CH2-0-)3SHCH2)3-NH-C(0)-NH-(CH2)2-S-(CH2)2- C2F40C3F9. An equivalent of

2-(3,3,4,4-tetrafluaraddwptpdiiesas e Py axy bul sutinnyd) -edoy iRNpRS e sHrages-dropwise to a
solution of one ecgé |valent of 3- % a at rOﬁ/I trletho silane. The reaction 30 temperature rose to

65 C due to the OCE¥riAY BREN B VR Kfe was stirred 65 C for one additional hour to
ide the d tive,yeld, 1H (GDCI3)..0.65 (m, 2H,
Crosi, 125 (¢ o URICDGE a@@% (BT, AT 9 QB 002 o scrio), 2.75
(m, 2H, 5CH2S), @Fﬂz@m&m NH@HZM R W00 Py vl TQIQBN?-I'), S@Elz(}nz @5-(nORH2), 5.00 (m, 1H,
NHCH2), 5.1 (g Cf!"?—é\'lﬂ? 5!'?%%%@%}%@6‘%‘?%@‘? f@“' Iy tBis %W?CHQ

2-(3,3,4,4- tetrafluoro- - tafluoropropyloXy-butylsuif amine was made from the acid
10catalyzed dea@pﬂlﬂﬂ W@‘b 4 A EHRH OQH‘J éfluoropropyloxy-

butylsulfanyl)-ethyl]-formamide which in turn was made by reacting
3,3,4,4-tetrafluoro-4-heptafluoropropyloxy-butane-1-thiol with Nvinylformamide Example 5 - Synthesis

ch:cjjr?\la ;Li?r:(;/lsdlfgj? Eftrﬁt%x%smqp%tr%gpﬁ)grgﬁe|Ho|‘qp%r@%f3|/uor %R% %%f%q ﬂr%jé)r%do amine) A urea
fluorosilane was é§ﬁtﬁ&@¢z’é§rbpyﬂ@aztmgséwiwm!mmmm made from the acid
10 catalyzed deacylation of N-{2-(3,3,4 4-tetrafluoro-4-heptafluoropropyloxy-
butylsulfanyi)-ethyil-formamide which in turn was made by reacting
3.3,4,4-tetrafluoro-4-heptafluoropropyloxy-butane-1-thiol with N-
vinylformamide.

Example 5 — Synthesis of urea fluorosilane 3.3.4.4.55.6.6,7.7.8.8.8-
15  tridecafluoro-octane-1-sulfonic acid-N-methyl-{3-[3-(triethoxvsilvi-propyl}-

ureidoi-propyil-amide {from CB-sulfonamido amine)

A urea fluorosiiane was synthesized by reacting an isocyanate terminated

silane (3-isocyanatopropyl triethoxysilane) with an amine terminated

fluoroalkyl, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-suifonic acid (3-
20  amino-propyl)-N-methyl-amide, as depicted by the following:

(CH3CH2—O—)385—(CH2)3—N=C=O + HgNW(CH2)3-—N(CH3)"S(O)2—(CH2)2—
CeF13 —

(CH3CHo~0-}3Si—{CH2)3~NH-C(O)-NH-(CH2)s—N(CHz)-8(O)~(CHz)—
CefF 3.

25 In accord to Laduron, F. et al. Org. Proc. Res. Dev. 2005, 9, 104-105, a
flask (500 ml.) equipped with a Dean-Stark trap and a condenser was
charged with a mixture of the N-methyl-1,2-propanediamine (73.0 g; 0.83
mol, 88.2 g/mol} and MIBK (230 mL) to in-situ generate N-(1,3-dimethyl-
butylidene)-N'-methyl-propane-1,3-diamine. The mixture was heated to

30 refiux under nitrogen until no more water (15 mL, 0.83 mol} was produced
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silane (3-isocyanatopropy! triethoxysilane) with an amine terminated fluoroalkyl,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-sulfonic acid (3- 20amino-propy1l)-N-methyl-amide, as
depicted by the~following: (CH3CH2-0-)3S1-(CH2)3-N=C=0 + H2N-(CH2)3-N(CH3)-S(0)2-(CH2)2-
C6Fi3 (CH3EM 2253 H2)3-NH-0(0)-NH-(CH2)3-N(CH3)-S(0)2-(CH2¥$ X 54 4/9851*% ccord to
Laduron, F. et al. Org. Proc. Res. Dev. 2005, 9, 104-105, a flask (500 mL) equipped with a Dean-Stark
trap and a conde(r&ie} Warietthaugethey(®r arhpagenad e & avetoylelt e iviop Bredidioninsf (73.0 g; 0.83

mol, 88.2 g/mol) IBKé H_) in-situ o
N-(1,3-dimethylbu ?/h '\gne c-met fPqu “ell%se%fg?ﬁ ar%%eCTﬁétﬁwin Br@esﬁigél negIed to 30reflux under

nitrogen until no ﬂl@f@%&l@ﬁ(@g mB &)%Bld&ﬂaﬂvaxqm@engédl g@yyishongear®aie 9lomL, 0.9 mol)

e e o M OLaRAT 910 U Ce A SN QUSSR IPIRIIRRE Pl solon of
3,3,4,45,5,6,6,7,7,8,8,8- trldecafluorooctan 1-1-sulfonylchloride (529.5 g of a 70 w//0 solution, 370.7 g

active mgrecﬁentfb@gr}’h@ﬁ Gaanine Téth DMﬁ@rff’ﬁg @éi%@cﬁf@ﬁi@l@lﬁ@ﬁ?%ﬁ%aﬂhen added drop-wise

to the flask. AfteragtisringripgIdt 8t ePrddaMBRIBEIERAO S A AddHInRGh Aokt At RGE e suspension
was filtered, and the solvents were rfmoved from the filtrate under reduced Pressure The off-white

solid residue wad'l2 SYSPERTIRT AR BSOE RSP YHIBOARE (EB11RE) ARG I%e mixture 10was
heated to 65 C uﬁm&atmmwmgslmwwmmp@tém(ﬁﬁ)m&%m@em@\n@f@mswﬂsd@ff under reduced

pressure providing the crude free |ne stalll m 2; |xtur s of ether and
toluene furnlshe Sg%gqogé 6 ba @%Byéﬂ‘r? eca uor%/Dgcf)arﬁ %ﬂ Ol’?ir(]:%tcl it
(3-aminopréfyl)waethgktaditieth %waétw&mqyemwmpmmmméﬁmp Bwiiveofs15 13500
CH-NMR (CDCIR) 133 (e b Wi ded ér'é'ss%?%%gk)% Ing-8342 28 ?ﬁﬁ%é?b'z) 2.79 (m,

2H, NCH3CH2), 2.90 (s, 3H, NCH3), 3.17 (m, 2H, OH25 3 (m, 2H, NCH
amine. Recrystaliization from 2:1 mixtures of ether and toluene furnished

3,3.4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-suifonic acid (3-amino-
propyt)-methyl-amide in 49% yield (202 g, 0.41 mol) with a melting point of

15 135 °C ["H-NMR (CDCl3): 1.53 (br, 2H, NH.), 1.76 (m, 2H, CHCHoNH,),
2.63 (m, 2H, CF2CHy), 2.79 (m, 2H, NCH3CH-), 2.90 (s, 3H, NCHa), 3.17
(m, 2H, CH2SO:N), 3.33 (m, 2H, NCH,)].

One equivalent of 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-
sulonic acid (3-amino-propyl)-N-methyi-amide, dissolved in
20  tetrahydrofuran (THF) was added dropwise to a solution of one equivalent
of 3-isocyanatopropyt friethoxysilane in THF at 0 °C. The reaction mixture
was allowed to warm to ambient temperature and was then stirred at 50 °C
for one additional hour. The solvent was removed in vacuo to provide the
desired silane as an off-white solid in guantitative yield.

25 "H NMR (CDCla): 0.63 (m, 2H, CH:Si), 1.21 (t, 9H, CHa), 1.59 (m, 2H,
CH2CH2S1), 1.78 (m, 2H, CHCHuNCH3), 2.59 (m, 2H, CF2CH,), 2.88 (s,
3H, NCHa), 3.16 (m, 4H, CHzNH and CHS03), 3.24 (m, 4H, NHCH; and
CH3NCH,), 3.82 (m, 6H, OCH,).

30
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One equivalent of 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1- sulfonic acid
(3-amino-propyl)-N-methyl-amide, dissolved in 20 tetrahydrofuran (THF) was added dropwise to a
solution of one:equivatent of 3-isocyanatopropyl triethoxysilane in THF at 0 C. The reaction mixture
was allowed®® #4HR &% mbient temperature and was then stirred at 50 TSR MIHMNal hour. The
solvent was removed in vacuo to provide the desired silane as an off-white solid in quantitative yield,
251H NMR (CDGE3p#8 g o2t aGH2Slotodl dhelirbre H 3l o hniibe AitoGs2CH2SI), 1.78 (m, 2H,

CH2CH2NCHS3), %@—%&F@’ ééﬁzg:Hﬁ%Ef.SS (s, 3H, NCH3), 3.16 (m, 4H, CH2NH and CH2S02), 3.24
(m, 4H, NHCH2 3. - 6H, OCH2). 30 Example 6 - carbamate fluorosilane from a
sulfonamide alcohol (FQRARAG BLB%WQReAW%%ng@: %igg?rlgﬂl%vglﬁéwﬁéﬁynthe&zed by reacting

an isocyanate terminated silane (3-isocyanatopropyl t oxysilane T 5sulfonamido alcohol,
3,3,4,4,5,5,6,6,7, B8R0 R rAngredotiane (B-isoRpaie @ Hyatosyystayipmeéthd-amide

(commercially available FaiB Rubit 93 EARAEAGS 28 sloral i dhe skesrnge of a catalyst
(dibutyltin dilaurate ac,cordigg to the following reaction scheme: (CH3CH2-0-)3SHCH2)3-N=C=0 + 10

HO-(OH2)2-N (C Sle@)jié)_l HoySraEeRy-methyl-amide (commercially avaifable from
(CH3CH2-0-)3SHEiR2)3-A4-FOCRACACIHI 205 it BtO)R(Hd8dAcE-6F a1dtalyAn equivalent of each,

3-isocyanatopropyl.triethoxysilane and 3,3,4,4,5,5,6,6,7.7,8,8,8-tridecafluoro-octane-1-sulfonic acid
(3-hydroxy- 15etﬁ)§}/|9§¥%%r§/€§%r géa%%%ﬁ%@é% ® ‘éﬁ%@%ﬁ?ﬁ ﬂfhﬁﬁlﬁﬁraﬁaurate were allowed to
react in THF at 5@&';@%_%Iﬂgi§m2%w%oyed under vacuum to provide the desired silane as
an amber oll.

10 HO—(CH2)2~N(CH3)}-S(0)s~(CHz)o—CaF13 —

(CHaCHz~0-)3Si—(CHz2)s~NH-C(O)~O~(CH2)o~(CHs}N-S(O)z—(CHa)o—
CeF 13

An equivalent of each, 3-isocyanatopropy! triethoxysiiane and
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-sulfonic acid (3-hydroxy-
15 ethyl)}-methyl-amide, as well as 0.02 equivalents of dibutyltin dilaurate
were allowed to react in THF at 50 °C for 5 h. The solvent was removed
under vacuum to provide the desired silane as an amber oil.

"H NMR (CDCls): 0.54 (m, 2H, CH,Si), 1.14 (t, 9H, CHa), 1.55 (m, 2H,
CHZCH,Si), 2.55 (m, 2H, CF2CHz), 2.91 (s, 3H, NCHs), 3.10 (m, 4H,

20 CHuNH and CH,S0y), 3.41 (m, 2H, CHsNCH,), 3.73 (m, 6H, OCH,), 4.15
(m, 2H, CH,OCO), 5.03 (s, br, 1H, NH).

*C NMR (CDCl3): 7.8 (s, CH,Si), 18.3 (s, CHzCHa), 23.3 (s, CHoCH;Si),
26.4 (m, CF2CHy), 35.1 (s, NCH3), 42.5 (s, CHsNCH,), 43.6 (s, NHCH,),

25 494 (s, CH280z), 58.6 (s, OCHy), 61.8 (s, CHOCO), 106 — 122 (m, CF,
and CF3), 156.0 (s, CQ).
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1H NMR (CDCI3): 0.54 (m, 2H, CH2S0, 1.14 (t, 9H, CH3), 1.55 (m, 2H, CH2CH2Si), 2.55 (m, 2H,
CF2CH2), 2.91 (s, 3H, NCH3), 3.10 (m, 4H, 20 CH2NH and CH2S02), 3.41 (m, 2H, CH3NCH2), 3.73
(m, 6H, OCH2)r4:15(nr, 2H, CH20CO0), 5.03 (s, br, 1H, NH). 130 NMR (CDCI3): 7.8 (s, CH2Si), 18.3
(s, CH2CH3Y 23" (W3¢2CH2S0, 26.4 (m, CF2CH?2), 35.1 (s, NCH3), £XB/ES2098(8K812), 43.6 (s,
NHCH2), 25 49.4 (s, CH2802), 58.6 (s, OCH2), 61.8 (s, CH20CO0), 106 - 122 (m, CF2 and CF3), 156.0
(s, CO). ExamplE%wmﬁeb?amﬂ&:ﬁnmkasﬁﬂmmén‘mmeafrsuﬁfermm{ﬂmaimmbdr&l [3-

(triethoxysilyn-prop _

tridecafluoro-octa synthesized by
reacting an Sisocyigiega taneioefs $ anvdenSON @ rlethoxysnane) with a sulfonamido
alcohol, 3,3,4,4,5,5,6,6, 7 7,8,8,8- trldecafluoro octane-1- sulfonic acid (2-hydroxy-ethyl)-amide, in the
presence of a catalyst (iGBERMARIHARY RO RS S 1B TIRS AR EeREHITRheme:

Eg:gg:g g?ggl gtélﬁ-;@n%té@dﬂé?ré BLAECYEN }%Z%H?gt%&%ﬂfwe wsth? f oach

[ n equivalent of eac
3-isocyanatopro§§ﬁ§@%\% %ﬁé%{n% g%%&%%f(g)%% r@ﬁ?@ LEFRiSr380E B e -1-sulfonic acid
(2-hydroxy- ethylyaiioidie @nda(ﬂ:bpdamqe@thm Britisle Patidet (BIRa@29Adaeasly 15incorporated by
reference), as wz&iga fﬁ)r% da% ee)ntg c%réi q_té’%“thed# ﬂﬁrate e ;Io all%w%d to react in THF at 50 C for 5

h. The solvent sre oved er vacuum prowde ) S ane as an amber oll.
(CchHQMOm)gsl—(CHz)g—N:C—O +

10 HO—~(CH2)z=HN=S(O)o~(CHz)—CoF 15 —
(CH3CHz-0-)3Si-(CHz)s~NH-C(0)}-0—~CHa2)z~HN=S(O)o—(CH2)~CsF 15 -

An equivalent of each, 3-isocyanaiopropy! triethoxysilane and
3,3,4,4,5,5,6,6,7,7,8.8,8-tridecafluoro-octane-1-sulfonic acid (2-hydroxy-
ethyt)-amide (in accordance with British Patent GB1298291A hereby

18 incorporated by reference), as well as 0.02 equivalents of dibutyltin
dilaurate were allowed to react in THF at 50 °C for 5 h. The solvent was
removed under vacuum to provide the desired silane as an amber oil.

"H NMR (CDCls): 0.60 (m, 2H, CH,Si), 1.18 (t, 9H, CH3), 1.59 (m, 2H,
20 CH.CH:Si), 2.60 (m, 2H, CF,CHy), 3.12 (m, 2H, CH.NH), 3.26 (m, 2H,

CH4S0%), 3.36 (m, 2H, HNCH;), 3.77 (m, 6H, OCH,), 4.15 (m, 2H,

CH,0CO), 5.20 (s, br, TH, CONH), 5.58 (s, br, 1H, SO,NH).

®C NMR (CDCls): 6.6 (s, CHzS1), 17.4 (s, CHaCHs), 22.3 (s, CH.CH,SI),

25 249 (m, CF,CHy), 42.5 (s, SONCHy), 43.3 (s, NHCHy), 45.4 (s, CH2S0,),
57.5 (s, OCHy), 62.7 (s, CH0CO), 106 — 122 (m, CF and CFs), 155.5 (s,
CO).
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1H NMR (CDC13): 0.60(m, 2H, CH2S0, 1.18(t, 9H, CH3), 1.59(m, 2H, 20CH2CH2S0, 2.60 (m, 2H,
CF2CH2), 3.12 (m, 2H, CH2NH), 3.26 (m, 2H, CH2S02), 3.36 (m, 2H, HNCH2), 3.77 (m, 6H, OCH?2),
4.15 (m, 2H~CH2008);75.20 (s, br, 1H, CONN), 5.58 (s, br, 1H, SO2NH). 13C NMR (CDCI3): 6.6 (s,
CH2S1), 17HYS"EHZER3), 22.3 (s, CH2CH2Si), 25 24.9 (m, CF2CH2), X8R EGHEH?2), 43.3 (s,
NHCH?2), 45.4 (s, CH2S02), 57.5 (s, OCH2), 62.7 (s, CH20C0), 106- 122 (m, CF2 and CF3), 155.5 (s,
CO). Example SEmnbmq&ateéhmlmaﬁerﬂedromEam dtoohehtelcoinaitegtrtrinztale triazole,

BilESs was synthesized by
reacting an 5|so s uerenpeivbdlditahe H-19azghAanmnedn| eate oxysnane) with a alcohol
terminated triazole, [1 (3, 3 4 4 5 5,6,6, 7 7 8, 8 8- trldecafluoro octyl) 1HA41,2,3]triazol-4-ylpmethanol, in
the presence ofa catalﬁs?%ti@ﬂ@ HW%@?%@%@H@%W@M&?@@&@H scheme 10

| en o eac
3- |socyanatopro@/??ﬁ81ﬁ85@§?% ég{ i £§4 4%5%%6%66%?£§§%£ C(’)ctyl) 1H-0

,2,31triazol-4-yljectyl}-1H-[1,2,3ltriazol-4-yi]-methanol, in the presence of a catalyst

(dibutyltin dilaurate) according to the foliow reaction scheme:

10 (CHaOHz0-)Si~(CHz)s~N=C=0 +

HO-CHZ—\/\ N—(CH,),-CeF 4

N=N

—

(CH,CH, 0,8-{CH,)NH-C(0)-O-CHy—( “N—(CH,), C,F
N=N
An equivalent of each, 3-isocyanatopropy! triethoxysilane and [1-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octyl}-1H-[1,2,3]triazoi-4-yl]-
15 methanol (E. J. Acosta et al., US Patent Application US2007066762A1,
2007) as well as 0.02 equivalents of dibutyliin dilaurate were allowed to
react in THF at 50 °C for 5 h. The solvent was removed under vacuum o

provide the desired silane as an amber oil in quantitative yield.

20 "M NMR (CDCls): 0.57 (m, 2H, CH:81), 1.17 (t, 9H, CH3), 1.58 (m, 2H,
CH2CH,S1), 2.78 (m, 2H, CF2CHy), 3.12 (m, 2H, CHoNH), 4.63 (m, 2H,
CH2CH:N), 5.05 (s, br, 1H, CONH), 5.15 (s, 2H, CH20CO), 7.66 (NCH).

BC NMR (CDCla): 7.9 (s, CH2Si), 18.4 (s, CH2CHa), 23.5 (s, CHCH,SI),

25  32.0 (m, CFyCHy), 42.4 (s, CHoN), 43.7 (s, NHCHy), 57.5 (s, CH,0CO),
58.7 (s, OCHz), 108 — 118 {m, CFz and CF3), 124.5 (s, CHN), 144 4 (s,
CN), 158.5 (s, CO).
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15methanol (E. J. Acosta et al., US Patent Application US2007066762A1, 2007) as well as 0.02
equivalents of dibutyltin dilaurate were allowed to react in THF at 50C for 5 h. The solvent was
removed undervracutm-to provide the desired silane as an amber oil in quantitative yield. 201H NMR
(CDC13): 0. 538 R2Si), 1.17 (t, 9H, CH3), 1.58 (m, 2H, CH2CH2 S\, DU CF2CH2),
3.12 (m, 2H, CH2NH), 4.63 (m, 2H, CH2CH2N), 5.05 (s, br, 1H, CONH), 5.15 (s, 2H, CH20CO0), 7.66
(NCH). 130 NMR (CDC13): 7.9 (s, CH2Si), 18.4 (s, CH2C1-13), 23.5 (s, CH2CH2S1), 25 32.0 (m,
CF2CH2), 42.4 (s, CH2N), 43.7 (s, NHCH2), 57.5 (s, CH2000), 58.7 (s, OCH2), 108 - 118 (m, CF2
and CF3), 124.5 W@MWW%M% from
ETFE-alcohol (a-’\f#@ co polymer) {3-
(4,4,4-triethoxysi f J-carbarn ' ‘ o P 8 i ftafuoro-dodecvl ester}
(C H 3CH 2-0-)3&44chi ' {2k 2131.4:4778&111121212-

(CH3CH2-0- 9538%35%3].—5 g&g)agli(g;grzz (CF2)2b F (n - 3) 10 A solution of 3

3,3,4,4,7,7,8,8,11, : -tridecafluoro-dodecan-1-ol (average molecular weight of 420.0 g/mol,
25.0g, 61.0 mmol), 3- isocyanato-propyl-triethoxysiIane (15.1 g, 61.0 mmol) and iron trichloride (4 mg,
2.4 pmol) in anhydrous MIBK (methyl isobutyl ketone) was heated 15at reflux temperature for 3 h. The
solvent was remdUétUitvalCud:Ri-f(Chsh-tNeGHO sitanddn-{GahbiiatVE yigldras-a light yellow oil.

1H NMR (CDC13): 0.64(m, 2H, CH2Si), 1.22(t, 9H, CH3), 1.63(m, 2H, CH2CH2S0, 2.33 (m, 10H,
CF2CH?2), 3.18 (%G HH2NEDI-8 8 22{er H- Q0D EH N 1 B4 263,-EH2000), 5.08 (s, br, 1H, NH).
HO-RCH2)2-(CF2)2b-F was made according to procedures set forth in U.S. Patent Application
12/152,312 filed Hh'l\/i)ﬁy 14, 2008, hereby incorporated by reference. Example 10- carbamate
fluorosilane Hom C4-VDF-alcohol {344,4,4- 25triethoxysilvl-propvl)-carbamic acid-3,3,5,5,6,6,7,7
,8,8,8- undecaﬂuoro-

A solution of 3 3,3,4,4,7,7,8,8,11,11,12,12 12-tridecafluoro-dodecan-1-of
(average molecular weight of 420.0 g/mol, 25.0 g, 61.0 mmol), 3-

isocyanato-propyl-triethoxysilane (15.1 g, 61.0 mmol) and iron trichloride
(4 mg, 2.4 umol) in anhydrous MIBK (methyl isobutyl ketone) was heated

15 atreflux temperature for 3 h. The solvent was removed in vacuo to furnish
the title sitane in quantitative yield as a light yellow oil.

"H NMR (CDCls): 0.64 (m, 2H, CH,Si), 1.22 (t, 9H, CH3), 1.63 (m, 2H,
CH.CH.Si), 2.33 (m, 10H, CF2CHy), 3.18 (m, 2H, CH2NH), 3.82 (q, 6H,
20 OCHy), 4.34 (m, 2H, CH,0CO), 5.08 (s, br, 1H, NH).

HO-[(CH2)~(CF2))n—F was made according to procedures set forth in
U.S. Patent Application 12/152,312 filed on May 14, 2008, hereby
incorporated by reference.

Exampie 10 — carbamate fluorosilane from C4-VDF-aicohol {3-(4 .4 .4-

25  triethoxysilyl-propyh-carbamic acid-3.3.5.5.6,6.7.7.8.8.8-undecafiuoro-

octyl ester}

(CH3CH2———-OW)38i"(CH2)3“N=0=O + HO”(CHQ)Q_CFQWCHQ—C4F9 iy
(CHsCH2-0—)sSi—(CH2)s~NH~C(O)~O—(CHz)o~CF —CHa~CaFe
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octvl ester} (CH3CH2-0-)35HCH2)3-N=C=0 + HO-(CH2)2-CF2-CH2--C4F9
(CH3CH2-0-)3SHCH2)3-NH-C(0)-0-(CH2)z-CF2-CH2-C4F9 PA1 1/../.. AAlL, .9". WO
2009/073595PET/1JS20608/085109 A neat mixture of 3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octan-1-ol
(20.0 g, 61.8"9}Fﬁ%efﬁ”aﬁass-isocyanato-propyI-triethoxysiIane (5.1 ¢, 61.0 Wﬁ?&ﬁ?%&’?wgmed to 60 deg
C. Iron trichloride (4 mg, 2.4 pmol), dissolved in 5MIBK (methyl isobutyl ketone, 1 mL) was added. The
reaction temperature immediately increased 110 C. After the exotherm ceased, the reaction mixture
was heated to 85 C for 3 h. A negative isocyanate test indicated completion of the reaction. The

mixture was dried Re@h&isieRiARREPielHiBS tHrRIESAHINIPPEE 3l -B8bS; 10 1H NMR

(COCI3) 0.59(moi g Pind AR PHcl bk COUNAI BHERH25, 804 g, CF2CHD). 2,94
(m, 2H, CF2CH2CF2), 3.15 (m, 2H, CH2NH), 3.79 (q, 6H, CH2§_, 4.26 (m, 2H, CH20CO0), 5.00 (s, br,
|

1H, NH). 15 HO-(ERSpAIEE 200 slegie's 11 EiRHAELE & Ree o diHg LSS CIBA-GEIGY AG,

1975. Example 1¥jiBtigiearpassteiiureasiene mhL3(ie thwiysivirressetibiocarbamic acid
S-(3,3,4,4,5,5,6,§é7 7 8-trideca lu?rP-octvl rbamate fluorosilane was synthesized

8 ester. 20A thjalc
by reacting an isoc@gﬁﬁqeb@-@(%?éﬁa%’p[r% r? fF1e ﬁé‘)@Sl ane%?/\';?meaetﬁ?ol erm ceasec?,

(1H.1F1.2H,2H-pbeemaimetyhibdiuthivly snheus g ds éticelofca atalfstéditivglthociienatite) according to

the follow reacti ; -0- 2)13--N=C=0.+ HS- -
(CH3CH2-0-)3S gﬁ@%a%%@%ﬁﬁqﬁ%é%‘% Xhaganu%\%fgr?t’ {?)%gﬁ%é,gﬁﬁ(})%/%%atopropyl
triethoxysilane, dfditeniiaiMale Mgk ineoite @MACHIO T ABABEA52I126-8), as well as 0.02 .0,1 1A
41

10

"H NMR (CDCls): 0.59 (m, 2H, CH.Si), 1.18 (t, 9H, CHg), 1.60 (m, 2H,
CH>CH,S1), 2.34 (m, 2H, CF2CHz), 2.34 (m, 2H, CF2CH,CF2), 3.15 (m, 2H,
CHzNH), 3.79 (g, BH, OCHy), 4.26 (m, 2H, CHz0CO), 5.00 (s, br, 1H, NH).

15 HO—(CH,)~CF,~CH,—C4F5 was synthesized according to US3916009,
CIBA-GEIGY AG, 1975.

Example 11 - thioicarbamate fluorosilane [(3-(friethoxvsilvi-propyl)-
thiocarbamic acid S-(3.3.4.4 5.5.6.6.7.7.8.8 8-tridecafluoro-octyl) ester!

20 A thiolcarbamate fluorosilane was synthesized by reacting an isocyanate
{3-isocyanatopropyl triethoxysilane) with a thiol (1H,1H,2H,2H-perfiucrooctyl-1-
thiol) in the presence of a catalyst (dibulyitin dilaurate) according to the

follow reaction scheme:

25  {CHsCHz0~)3Si~{CHy)a~N=C=0 + HS—(CHz);—-CeF 1z —
{CHaCH—0-)38i—(CHy)s~NH-C(O)}-S~{CHy)~CsF 1.

An equivalent of each, isocyanatopropyl triethoxysilane, and
1H,1H,2H,2H-perfluorooctyl-1-thiol (CAS# 34451-26-8), as well as 0.02

22



WO 2009/073595PCT/US2008/085109 equivalents of dibutyltin dilaurate were heated to reflux in
MIBK (methyl isobutyl ketone) for 3 h. The solvent was distilled under vacuum to provide the desired
silane as an-amber-oib51H NMR (CDCI3): 0.62 (m, 2H, CH2Si), 1.22 (t, 9H, CH3), 1.65 (m, 2H,
CH2CH2Si) YA CF2CH2), 3.08 (m, 2H, CH2S), 3.29 (m, 2H, CREENGSHS159%H, OCH2),
5.91 (s, br, 1H, NH). Example 12 - thiolcarbamate fluorosilane from C4 VDF thiol 13-
10(triethoxysilvI-mropyajetiioobdiaunyttindd=Sr 83k fot 6 stel 8o3:8fwndavslaractiow!) ester) A

thiolcarbamate fl. i Si reacti 1 ispcyanate (3-isocyanatopropyl
triethoxysilane) WL(I'fﬁ;EQaI§ {tﬁgﬁg@s%n?g?ﬁggxé\%ﬁgg%%f ut(%{ri%(% grc?g_rl\g_ §id ir%) the presence of a
15catalyst (dibuty@ipvisitatie’gdssbediigtasies mberehction scheme:

(CH3CH2-0-)3SHCH2)3-N=C=0 + HS-(CH2)2-CF2CH2C4F9
(CH3CH2-0-)3SHCH2)3-NH-C(0)-S-(CH2)2-CF20H2C4F9. An equivalent of each, isocyanatopropyl

triethoxysilane, aaﬁ 3, ,6,4,4.8,8,8 dﬁﬁ%l oro-qQctane-14hiol (}CHB 13), as well as 0.02
equivalents rgéfedib yﬁ?ﬁ%féﬁ%ﬁﬁ e Wéa‘?gg 'E:Fo?%éth 6415t 1R 485ifdd silane as an
amber oil in quanitaiivid 48| .44 (MVIRY(CIFETE): 0 B2 I2HCERED), 3.28 (n9RH CH3), 1.67(m, 2H,
25 CH2CH2Si), 73 ME @Fé%l—t%é} . A?\(ﬁﬂ C F2), 3.06 (m, 2H, CH2S), 3.32 (m, 2H,
NCH2), 3.84 (q, 6H,°0 Iﬁ 93 (8, r%ﬁg \ ).ég%riﬁl’e - N-sulfone urea fluorosilane
13,3,4,4,5,5,6,6,7,7,8,8,8- tridecafluoro-octylsulfonvl ureido-N(3-triethoxysilvl-propanel

Example 12 - thiolcarbamate fiuorosilane from C4 VDF thiol [3-

10 (triethoxysilyi-propyl)-thiocarbamic acid S-(3,3.5.5.6,6.7.7.8.8.8-
undecafluorg-octyl) ester]

A thiolcarbamate fluorosilane was synthesized by reacting an
isocyanate (3-isocyanatopropyl triethoxysilane) with a thiol
(3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octane-1-thiol) in the presence of a

15 catalyst (dibutyltin dilaurate) according to the foliow reaction scheme:

(CHgCH2——0—)3Si—(CH2)3mNECEO + HS“(CHz)Q—CFQCHQCz}Fg —
(CH3CH2~0-)3Si~(CH2)s~NH-C(O)-S—~(CHz)~CF 5CH2CF.

An eguivalent of each, isocyanatopropyi triethoxysilane, and
20 3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octane-1-thiol (CH3213), as well as
0.02 equivalents of dibutyltin dilaurate were heated at 70 °C for 12h to
furnish the desired silane as an amber oil in quantitative yield.

"H NMR (CDCls): 0.63 (m, 2H, CHZSi), 1.24 (t, 9H, CHs). 1.67 (m, 2H,
25 CH,CH,Si), 2.34 (m, 2H, CF,CHy), 2.74 (m, 2H, CF.CHCF2), 3.06 (m, 2H,
CH,S), 3.32 (m, 2H, NCH2), 3.84 (q, 6H, OCHy), 5.93 (s, br, 1H, NH).
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A N-sulfone urea fluorosilane was synthesized by reacting an isocyanate (3-isocyanatopropyl
triethoxysilane) with a sulfonamide 5 (3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-sulfonic acid
amide) in the- resence"of a catalyst (dibutyltin dilaurate) according to the follow reaction scheme:
(CH3CH2-0Y: PPIN=C=0 + NH2-S(0)2-(OH2 )2-C6F 3 (CH3CH2-B9EERHINH-C(0)-NH-S
(0)2-(C H2)2- CGF|3 1OA THF solution of one equivalent of 3-isocyanatopropyl triethoxysilane and one
equivalent of 3 BW]@HU@@MWW&ﬁ@-?&%@ﬁ)@.@M@(EZOOllOO 00087,

prepared accordllrgg 1o B %Ug& i) %70(}( ool ivalents of dibutyltin
3T (T mzré%&*@v@éﬁmihe use of the catalyst under

dilaurate was stirred at 6

the same reaction cond)ilqm%ﬁgh@ %gemléﬁ@%ds RERIGKRGNT é@(ﬂ[@%lgﬁ the desired silane
as an off-white solid (Mp 78 C). 1H NMR (MeOH-d.4): 0.62 (m, 2H, CH2Si), 1.18 (t, 9H, CH3), 1.57 (m,

2H, cHzcH2§5>C'Za;fzﬁW%*ﬁpf@‘?ﬁ@ﬂ@'?%’b‘?@?ﬁ%ﬁ*’é‘?@r\%’”&%ﬁ%?ﬂ“ém'%Cst) 3.61 (q, 6H,
OCH2) Urea-NH nat4letegels Exan)ple- &@e@ﬂﬂtﬁw&@ﬁaf@émwaemﬂ@@r@siﬁmiln[&e

(3.344,5.5667.7 8,8,8-tridec, quo - -(triethoxvsily, 1)-12(N)-formv1-urea}
25A formyl urea ﬁu%?ggcf&%a e %yﬁms%éd] yreac ;é cig{)cy zgtttlie??grorﬁ?r%y’;lte sell%ne

(3-isocyanatopropghtneghoxysilane) with an N-vinylformamide fluoroalkyl
{A/4243,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctylsulfanyl)- ethyIHormamlde in the presence of a
catalyst (dlbutyltl@ﬂﬁ#@t@ab@@%bﬁréﬁﬂbﬂr@ﬂea@f@hd&f@mce 13 =

(CH3CH2-0-)3Si- &gz 3-N=C=0 + HNé H1.- CH2 2.5 OHZZéé)GFB
(CH3CH2-0-)35 1 P-é)b ecﬂvgﬂ P RTSR PHF (tetrahydrofuran)

solution of de equwaleﬂtﬁ-sésolutlon of one equivalent of 3-isocyanatopropy!
triethoxysilane and one equivaient of 3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafiuoro-octane-1-sulfonic acid amide (E2001100-00087, prepared
according to P. Bouvet et al., DE2002480A1, 1970) and 0.02 equivalents
of dibutyltin dilaurate was stirred at 65 °C for 8 h (the reaction also

15 proceeds without the use of the catalyst under the same reaction
conditions). The solvent was removed under vacuum {o provide the
desired silane as an off-white solid (Mp 78 °C).

"H NMR (MeOH-d4): 0.62 (m, 2H, CH,Si), 1.18 (t, 9H, CHs), 1.57 (m, 2H,
CH,CH,S1), 2.72 (m, 2H, CF,CHy), 3.07 {m, 2H, CH:N), 3.34 {(m, 2H,
20 CH28), 3.61 (g, 6H, OCHy), Urea-NH not detected.

Exampie 14 - synthesis of formyl urea fluorosilane {1-2-
{3,3,4.4.5.5.6.6,7.7.8.8.8-iridecaflucro-octyvisuifanyh-ethvll-3-{triethoxysilyl-
propyh-12(N)-formyvl-ureal

25 A formyl urea fluorositane was synthesized by reacting an
isocyanate terminated silane (3-isocyanatopropyl! triethoxysilane) with an
N-vinylformamide fluoroaikyl {N-[2-(3,3,4,4,5,5,6,6,7,7,8,8, 8-tridecafluoro-
octylsulfanyl)-ethyll-formamide, in the presence of a catalyst (dibutyltin
dilaurate) according to the following reaction scheme:
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5isocyanatopropyl triethoxysilane and one equivalent of N12-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octylsulfanyl)-ethylpformamide and 0.02 equivalents of dibutyltin
dilaurate was stitree-at-65 C for 8 h. The solvent was removed under vacuum to provide the desired
silane as an"SHBEPETEED1IH NMR (CDCI3): 0.61 (m, 2H, CH2Si), 1.15 (tPOHUEESI0SE®B(m, 2H,
CH2CH2S1), 2.31 (m, 2H, CF2CH2), 2.68 (m, 4H, CH2 SCH2), 3.22 (m, 2H, CH2NCOH), 3.42(m, 2H,

NHCH?2), 6.43 (s{BH:TH{ NS5, BHNEOH), +
N-[2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octylsulfanyl)-ethyl]- 15formamide which was made by

reacting 3,3,4,4, 3 BB 618818 pride@ftuprdoettane> 1-thiol with N-vinylformamide. All volatiles were
removed under reduced pressure to furnish N-(243,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluoro-octyistitaiaremsHrdriaamal HsO NI 5btits Hz)~S~(CHz)-CeF 19
203,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-pctane-1-thiol which was made as follows. Under nitrogen
thiourea (1.1 equivalenf%)q:s’quéj fi@&)%ﬁy-%':o AlorBhANShone ¢e Wi &Swere added to a

degassed mixturésotyhmethonpet et dDMIEN@ pads)randgubisie (it gart)2The reaction mixture was
Td ) fffand the distillation residue
et %orm

ol oL reflux lemiosl s b o NSRRI PME RS ASHId AEpTand e diatation resiave |

was allowed to cool to ‘ambierit tempeérature. Under stifrirng a soltiton
(1 molar, 1.1 equivBRats)vaintedekdinotitie slispeatione Detiped el §oaterfamd addéd to the mixture.

3,3,4,4.5,5,6,6,7 4o Bt e calyne-0rlRnS -t wan salisdied santifafiuely as the fluorous bottom

layer. 30 Example 15 - thioether succinamic acid fluorosilane A thioether succinamic acid
fluorosilane tride@é?l*?f?frBizoctylsuIfanyl)-N-(3-triethoxysiIyI-propyl)-succinamic acid (A) &5

2-(3,3,4,4,5,5,6,6,7,(,8.8,8:ttidecaflugro-octylsulfanyl)-N-(3-triethoxysilylpropy1)-succinamic acid (B)}
was made 633 reaé'tlirglﬁg% &Erﬁﬂgiﬁﬁ?n&?eéérlé@%}n?na%r%p%tr@%xg% ?{/@) fith a succinic
anhydride termin@ieeC&inak§t (m, 2H, CF.CH;), 2.68 (m, 4H, CH2 SCHy), 3.22 (m, 2H,

13-(3.3.4.4:55.6 6. 550l 0GRSy YAy A R0 ocording to the

following reaction scheme:
COH).

N-[2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecaflucro-octylsutfanyl)-ethyll-

15 formamide which was made by reacting 3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluoro-octane-1-thiol with N-vinylformamide. All volatiles were
removed under reduced pressure to furnish N-[2-(3,3,4,4,55,6,6,7,7,8,8,8-
tridecafluoro-octylsuifanyl}-ethyl]-formamide as an off-white solid.

20 3,34.4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-thiol which was
made as follows. Under nitrogen thiourea (1.1 equivalents) and 1-iodo-2-
perfluorohexylethane (1 equivalent) were added to a degassed mixture of
dimethoxyethane (DME, 9 parts) and water (1 part). The reaction mixture
was held at reflux temperature for 8 hours. Most of the DME was distilled

25 off and the distillation residue was allowed to cool to ambient temperature.
Under stirring a solution of sodium methoxide in methano! (1 molar, 1.1
equivalents) was added to the suspension. Degassed water was added to
the mixture. 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-thiol was
coliected guantitatively as the fluorous bottom layer,

30
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0S-(CH2)2-C6F13 10 (CH3CH2-0-)3SHCH2)3-NH2
(CH3CH2-0-)3Si--(CH2)3-NH-C(0)-[H2C(COOH)}CH-S-(CH2)2-05F13 (A) +
(CH3CH2-0)3SHCH2)8-NH-C(0)-CH2-[HC(COOH)I-S-(OH2)2-05F13 (B) 15To a suspension of
3-(3,3,4,4,5 88 BB 8-tridecafluoro- octylsulfany1)-dihydro-furan-2, RETGREHFEEHYd according to
US4171282 hereby incorporated by reference), freshly prepared in toluene, was added one equivalent
of APTES (Aminopropyl triethoxysilane, CAS# 919-30-2) dissolved in toluene at 0 C. The reaction
mixture was stirred at ambient 20temperature for 2 hours After removal of all volatiles the desired
silane was obtaineXRERE dark Agiareiofpsesgémers A and B. 1H NMR (CDCI3):
0.64 (m, br, 2H, CH2Si), 1.24 (t, 9H CH3) 1. 63 (m, br 2H CH2CH2S0, 2.47 (m, br, 3H, CF2CH2 and
CH2000), 2.85 and 2 §P9texsMeeRarieactiseaiany 3-G o &ASdd6)7 3B, br, 2H,

8233)2)6 ?;1 g? (Wl@é{:&ﬁhtﬁéﬁ&ﬁ@hi@@z (@o%m&wlsmc ¢ r%;g% (%cél;ka%(ﬁé%&i@ §1223((q 6H,

S, S | S
CH2CH3), 23, égf*c”l:péélrg g? g ﬁ#% luie-oe '%1—%?8&53«&)(%5 GERWYSHYB (s, CH2S), 41.4
i‘?‘i 812 5 d(sl7C::LH82bet)yl451ﬁ:(m$ﬁlbl)ao%(&fﬁwSthﬁ)jeBBWr@.c(D@-bZ\) ?163@8@ ﬁs&w@t‘mt&FZfond CFIB)

an mp lary.anmli uorosiliane
from C6 acrylate%éHﬁ%@@%%}xeﬁ%%éy%Egg 5’% %' &%héfd((éséfir\é o
(CH3CH2-0-)3SHiepiiN ﬁﬁ:ﬁ@%@(@ﬁcﬁ@:ﬁzy&m@mﬂmqmmoﬁ@m eunmmnt of APTES
(Aminopropy/ ieffiaiysiiaae rish eSS0 RE IR RIS aReie aci

3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octyl ester (CAS# 17527-29-6) in absolute ethanol were allowed
to stir at 60 C for 5h. The solvent was distilled of undgrr?ekduced pressure to provide the desired

twin-tail silane S-(CH,),-C.F .,
10 (CH3CHp—O~)3Si—(CHz)s—NH,  + o —

(CH3CH2=0=)38i~(CH2)a—NH-C(O)-[HC(COOH)CH~S~(CH2)o—CsF 13 (A)
+ {CH3CHo~0-)3Si—(CHz)3~-NH-C{Q)~CHz—[HC{COOH)-S—{CH3)o~CeF 12
(B)

15 To a suspension of 3-(3,3,4,4,5,5,6,6,7,7,8,8 8-tridecafluoro-
octyisulfanyl)-dinydro-furan-2,5-dione (prepared according to US4171282
hereby incorporated by reference), freshly prepared in toluene, was added
one equivalent of APTES (Aminopropy! triethoxysilane, CAS# 919-30-2)
dissolved in toluene at 0 °C. The reaction mixture was stirred at ambient

20  temperature for 2 hours. After removal of all volatiles the desired silane
was obtained as a dark-amber oii as a 2:1 mixture of the isomers A and B.

"H NMR (CDCls): 0.64 (m, br, 2H, CH3Si), 1.24 (t, 9H, CHs), 1.63 (m, br,
2H, CH.CHSi), 2.47 (m, br, 3H, CF,CH; and CH,COO), 2.85 and 2.92 (2

25  xm, 2H, 2.68, CH,S), 3.13 (m, 0.5H, CH,COO), 3.19 (m, br, 2H, NHCH.),
3.30 (m, br, 1H, CH,COO), 3.52 (m, 1H, SCHCON), 3.64 (m, 1H,
CH2CONH), 3.82 (g, 6H, OCHy), .43 (s, br, TH, NH), 10.65 (s, 1H,
COOH).

26



15(tertiary amine fluorosilane) quantitatively as an amber oil. 1H NMR (THF-d8): 0.68 (m, 2H, CH2Si),
1.63 (m, 2H, CH2CH2Si), 2.56 (m, br, 6H, CH2C00 and NCHZ2), 2.70 (m, 4H, CF2CH?2), 2.86 (t, 4H,
00CCH2CH2N);3.63(s, 9H, OCH3), 4.48 (m, 4H, CH200C). 20 13C NMR (THF-d8): 7.8 (s, CH2Si),
21.9(s, CH¥RZEHI31%(m, CF2CH2), 33.9 (s, CH2C00), 49.7 (s, OCHICEPZHIBB2CH2N), 58.0
(s, NCH2), 61.5 gs, CH200C), 109 - 121 (m, CF2 and CF3), 172.8 (s, C00). 25Example 17- tertian/
amine fluorosilan&GrbivRd /R [CHB{8; BB HRDHEFBNG R THR R A2 G(0)H, (FH)R-C6F13
(CH3-0-)3SHC )8 ( - -C 2 A mixture one
e Fee a0 b G PRAGY A

equivalent of 3-ami yltrim ane (commercially available'as AMMO from
Evonik Degussa 42 &rtabimah§Caisd SvbpfivhlenB @t acBlid 4sidLild). 108 — 118
5methyl[(3,3,4,4,@,,,5@F@,gryd%@;%;tﬁiﬁl@@agHQrppp_ylég}égmmquﬁgnpkﬁéhy}g@t%J(prepared according
to US Patent 5439998 hereby incorporated by reference) was allowed to stir at 70 C for 5h to provide
the desired twin-f'Sithne guantitatively as a amber oil. 101H NMR (THF-d8): 0.67 (m, 2H, CH2S1),
1.63 (m, 2H, CH2CH2Si), 2.54 (2xm, 6H, CH2000 and NCHZ2), 2.79 (m, 4H, CF2CHZ2), 2.86 (t, 4H,
0000H2CH2N), 3:88n(wISHE NEHBYY R din@flutirh BairShan Esadmatd, CH3 NCH2), 3.63 (s, 9H,
OCHB3), 4.33 (m, 4H, CH20CO0). 15130 NMR (THF-d8): 7.7 (s, CH2Si), 21.6(s, CH2CH25i), 27.0 (m,

CF2CF12), 33.7 (sHhGHRL 36 Ji (e G i QEHIE9- | ).50.4 (s,
0000H2CH2N), 560.8 (s, 0H25%2$, %%.y(%??\lqgm%g%, 62.8 (s,égHZ%o C(%{F?O%% (m, CF2 and CF3),

172.8 (s, C00). EXzipple 18-St ramine-HEHopila© fram-@HY2FCaEtviate 20A bis-fluoroalkyl

(twin-tail) silane with ester and tertiary amine tether

10 A solution of one equivalent of APTES (Aminopropyi
triethoxysilane, CAS# 919-30-2) and two equivalents acrylic acid
3,3,4.4,5,5,6,6,7,7,8,8 8-tridecafluoro-octyl ester (CAS# 17527-29-6) in
absolute ethanol were allowed to stir at 60 °C for 5h. The solvent was
distilied of under reduced pressure to provide the desired twin-tail silane

15 (tertiary amine fluorosilane) quantitatively as an amber oil.

1H NMR (THF-d8): 0.68 (m, 2H, CH2Si), 1.63 (m, 2H, CH.CH.Si), 2.56 (m,
br, 6H, CH,COO0 and NCHy), 2.70 (m, 4H, CF2CHy), 2.86 (t, 4H,
OOCCH;CH;N), 3.63 (s, 9H, OCHs), 4.48 (m, 4H, CH00C).

20

13C NMR (THF-d8): 7.8 (s, CH,Si), 21.9 (s, CH,CH2Si), 31.8 (m, CF2CH.),
33.9 (s, CH:CO0), 49.7 (s, OCHs), 57.3 (OOCCH,CH:N), 58.0 (s, NCH.),
61.5 (s, CHz00C), 109 — 121 {m, CF and CF3), 172.8 (s, COO).

25 Example 17 - tertiary amine fluorositane from acrviate

(CH3—0-)3Si—(CHa)s—NH; +
2 CHe=CHo-C{O)-0—CHz)~CeF 13 —

(CH3—~0~)38I~(CHz2)s=N[~(CH2)e~C{O }-O—(CH2),—N{CH3}-8{0)o—(CHz)2-CsF 13]
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moieties was synthesized according to: (CH3CH2-0-)351-(CH2)3-NH2 + 2
CH2=CH2-C(0)-0-(CH2)2-CF2-CH2- C4F9 25 (CH3CH2-0-)35 -(CH2)3-NHCH2)2-C(0)-0-(CH2)2-
CF2-CH2-C4F9%2 A soiution of one equivalent of APTES (Aminopropyl triethoxysilane, CAS#
919-30-2) aN Pl &gtialents acrylic acid 3,3,5,5,6,6,7,7,8,8,8-undecaflib IO SEH Y (synthesized
according to US3916009, CIBA-GEIGY AG, 1975) in absolute ethanol were allowed to stir at 60C for
5h. The solvent was distilled of under reduced pressure to provide the desired twin-tail silane (tertiary
amine fluorosilane) quantitatively as a colorless oil. 5 1H NMR (MeOH-d4): 0.60 (m, 2H, CH2Si), 1.18
(t, 9H, CH3), 1.56 (m, 2MTCHIEFRSOARIVEIgHE 0hB-20H AFPOHPCRthaNGIBTCH2 and NCH2C2H4),

2.77 (m, br, 4H, GladgeRBh(ay b BRENRGE L A0A MY DR BIbAdedns4H, CH200C). 10
13C NMR (Me0OH-d4): 7@4 és, CH2Si), 14.6 (s, CH2CH2§;7), 18.7 (s, CH3), 21.4 (m, CF2CH2CH?2), 33.4

(m, CH2C00), 37Nk BB ANEHY RANERPSD 8FYIResd€HbCo0), 58.9 (m,
CF2CH2CF2), 594t [R0H2) 655 6.70H2080) idbEaimickaddy 1 1913 dn(ePe@AF9), 173.7 (s,

15 C00). Example 19 - tertiary amine fluorosil from crylate A bis-fluoroalkyl (twin-tail)
Siane with ester ST TR STEREHIED Mo o8 WAk e DEEF R BraIRG Tes Y
(CH3CH2--0-) 3Sta )3 NI el @2 1R F (1) -G (O H2) 2«0 24 2h € EEB eeDtwin-~

tail sitane quantitatively as a amber oil.

10 1H NMR (THF-d8): 0.67 (m, 2H, CH,Si), 1.83 (m, 2H, CH.CH,Si), 2.54
(2xm, 8H, CH,COO and NCHy), 2.79 (m, 4H, CF.CH,), 2.86 (1, 4H,
OOCCH,CH,N), 3.08 (s, 6H, NCH3), 3.41 (m, 4H, CH2S05), 3.80 (m, 4H,
CH3 NCHy), 3.63 (s, 9H, OCHs), 4.33 (m, 4H, CH.0C0).

15 13C NMR (THF-d8): 7.7 (s, CH,Si), 21.6 (5, CH-CH,Si), 27.0 (m, CF,CHy),
33.7 {s, NCH3), 36.7 (s, CH2000), 42.4 (s, OCHg), 49.7 (s, CHs NCHy),
50.4 (s, OOCCH:CHoN), 50.8 (s, CH,S03), 57.7 (s, NCHaCoHa), 62.8 (s,
CH,00C), 109 — 121 (m, CF2 and CF3), 172.8 (s, COO).

Example 18 - tertiary amine fluorosilane from C4 VDF acrviate

20 A bis-fluoroalkyl (twin-taif) silane with ester and tertiary amine tether

moieties was synthesized according to:

(CH3CH—0—)s8i~(CHa)s=NHz + 2 CHy=CHp~C{O)=O—~(CH2)p~CF ~CHo—
C4Fg —

25  (CH3CHzO=)38i—(CHz)s=N[~(CH2)z~C(O)~O—(CH2)o— CFo—CHo—CaFol

A solution of one equivalent of APTES (Aminopropyl
triethoxysilane, CAS# 918-30-2) and two equivalents acrylic acid
3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octyl ester (synthesized according to
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(C H3C F12-0-)3S1-(C F12)3-NHC H2)2-C(0)-0-(C H2)2- CF2-CH2-C6F13}2 25A solution of one
equivalent of APTES (Aminopropyl triethoxysilane, CAS# 919-30-2) and two equivalents acrylic acid
3,3,5,5,6,6,77:8:8,9:9;%0,10,10-pentdecafluoro-decyl ester (synthesized according to US3916009,
CIBA- GEIGWﬂ@“i@;’i@??n absolute ethanol were allowed to stir at 60 C ffr BHS2pfE8H¥ent was
distilled of under reduced pressure to provide the desired twin-tail silane (tertiary amine fluorosilane)
guantitatively as &/83%E69 ol BA-QHIR YMeD H-9I7E) O @@imuw-etﬁ?&thS@eﬂeJ@Eéw&dHtcﬁHS) 1.56 (m,
2H, 5 CH2CH2S H,-GE H CCHZ2 K| dN 2H4 (m, br, 4H,
CH2N), 3.04 (m, %u'f aﬁézmtf%'éjé?i ]3%835%“%& Wégg%@%%?f o egﬁ%% % R (MeOH-d4):
7.4 (s, CH2Si), 1nre\(l§iecth>re2®szg@) i\ taisstans) lediary. ar('mecfragmamm 33 4 (m CH2C00),

37.7 (m, CHZCFégg}g)tag e?%(és%'égm}}e%% g8i(00CCH2CH2N), 58.9 (m, CF2CH2CF2), 59.4 (s,
OCH2), 61.5 (s, CH200C), 109- 124.1 (6xm, C2F9), 173.7 (s, C00). = Example 20 - tertiary amine

fluorosilane §rom 04,2 VDF acrviate; Michael 15addition) A bis-fluoroalkyl (twin-tail) silane with
ester and tertiary amine tether moieties was synthesized according to:

(CH3CH2-0-)3SHEHZYERNIM2OCH2EH25-6HEC BY); G HEHIR) 2-CF2; OHR2C 2R CFBEthZZBAFQ
(CH3CH2-0- )BS@J/-@@ Ch¥ - B [CE 8%!? -C lution of one
equivalent of APTES (A?-ré\’ riu_cl) rop2§/)rla2 trle%xys flané, éﬁ% 9§§ é 84 F % |v ents acrylic
acid 3,3,5,5,7,7,82,87,@,@31@rmlio@huéidaﬁwrénaeﬂ;ﬂ @ﬁ@k@ﬁﬁbﬂeﬁﬁéﬁ(&c@ﬁndﬂ%,uswlaoog,
CIBA-GEIGY AG4 3973 inrplspluterethanol were allowed to stir at 6000 for 5h. The solvent was
distilled of under ’
10
13C NMR (MeOH-d4): 7.4 (s, CH,Si), 14.6 (s, CH.CH,SIi), 18.7 (s, CHa),
21.4 (m, CF2CH2CHz), 33.4 (m, CH.COO), 37.7 (m, CH:CF2CH2), 50.3 (s,
NCHz), 57.5 (s, NCHz CH,COQ}, 58.9 (m, CF,CH2CF»), 58.4 {s, OCH>),
61.5 (s, CH:00C), 115.5, 117.5, 119.9, 124.1 {(4xm, CoFg), 173.7 (s,
15 COO).

Example 19 - tertiary amine fluorosilane from Cs VDF acryviate

A bis-fiuoroalky! (twin-tail) silane with ester and tertiary amine tether
moieties was synthesized according to:

20

(CHsCHz-O=)sSi~{CH2)s—NH2 + 2 CH2=CHz—C(O)—O—(CHs)—CF p~CHy—
CeF1a —

(CH3CH~0=)3Si~(CHz)s—N[—{(CH2)2~C(O)~O—(CHz)p~ CFp—CHz—CsF 13]2

25 A solution of one equivalent of APTES (Aminopropy!
triethoxysilane, CAS# 919-30-2) and two equivalents acrylic acid
3,3,5,5,6,6,7,7,8,8,9,9,10,10,10-pentdecafluoro-decy! ester (synthesized
according to US3916009, CIBA-GEIGY AG, 1975) in absolute ethanol
were allowed to stir at 60 °C for 5h. The solvent was distilled of under
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reduced pressure to provide the desired twin-tail silane (tertiary amine fluorosilane) quantitatively as a
colorless oil. 1H NMR (MeOH-d4): 0.58 (m, 2H, CH2Si), 1.20 (t, 9H, CH3), 1.54 (m, 2H, 5 CH2CH2Si),
2.38 and 2.47 (2xm,~¥OH, CF2CH2CH2 and 00CCH2 and NCH2C2H4), 2.77 (m, br, 4H, CH2N), 2.85
(m, 4H, C4FSEREYY S B (m, 4H, CF2CH2CF2), 3.60 (s, 9H, OCH2), 4.36 (HUAKHIEIEHC). 13C NMR
(MeOH-d4): 8.6 (s, CH2Si), 14.6 (s, CH2CH2Si), 18.7 (s, CH3), 10 21.4 (m, CF2CH2CH2), 33.4 (m,
CH2CO00), 37.7 (medQe420F2SH) td Hr8ink CurESHRCHAN-60. 3ignsGldaN)y36rinem, CF2CH2CF2),
57.5 (s, NCH2 cyggg E CHZ2), 61.5 (s, CH200C), 115.5, 117.5,
119.9, 124.1 (4xrri1, C %}lé%ﬁgl)%%ggn(@é:&%’?%L%Ezégr%%%gf I(-Ptertiary amine fluorosilane (from PPVE
acrylate. Michael addition) A bis-fluoroalkyl (twin-tail) silane with ester and tertiary amine tether
moieties was synthesized according to: 20 (CH3CH2-0-)3SHCH2)3-NH2 + 2
EJH2=CH2-C(0)-0rKQh‘M)2(@éB4+@4¢3E)€0 (m, 2&;, CHzSi), 1.18 (t, 9H, Cng), 1.56 (m, 2H, e it
CH3CH2-0-)3S -NH 2-C(0)-0-(C - 4-0-C3 ylic acj s, esterified wit
2-[2-(heptaf|éoro%%@%&ég%;ﬁ‘u%ér%ét ér]- %ﬁé%ﬁ%ﬁoﬂa§ éégﬁ%%waﬂ@%resence
catalytic amounts2 of7pttolberd-s Moy dtickttonyidid erplit-atia 3, 3,63 s, 9H, OCH,),
tetrafluoro-4-heptafy Fﬂpﬂ‘PPWQO | ester quantitatively. The ester was washed with water and
distilled prior to the reaction with"’ARIES (Aminopropyl triethoxysilane, CAS# 919-30-2). A solution of
one equivalent of APTES and two equivalents acrylic acid 3,3,4,4-tetrafluoro-4-
heptafluoropropyloxy-butyl in absolute ethanol were allowed to stir at 60 C for 5h. The solvent was
distilled of under teduR&{RfaesHed) ITovide the. o sired twirciailCilasi, (tertiqr) amine fluorosilane)

T CriooriDan, S A Kb LM ERgctl I W (Ao e S EE O $76 (bt
CH2N), 3.62 (M, BH)CHT), (QBE GhDHN), 58.9 (m, CF,CH,CF,), 59.4 (s, OCH,), 61.5
(s, CH,00C), 109 - 124.1 (6xm, CoFg), 173.7 (s, COO).

Example 20 - tertiary amine fluorosilane (from C4.2 VDF acryiate; Michael
15 addition)

A bis-fluoroalky! (twin-iail} silane with ester and tertiary amine tether

moieties was synthesized according to:

(CHsCHz—0-)sSi—(CHz)s—NH; + 2 CHy=CHz~C(Q)}-O—(CHa)2~CF ,~CHy—
20  CFy—CHy-CaFg —

(CH3CH-0-)3Si~CH2}a~N[~(CH2)o~C(O)-0~(CH2)o~CF o~CH—CF -
CHa~CaFgls

A solution of one equivalent of APTES (Aminopropyl
25  triethoxysilane, CAS# 819-30-2) and two equivalents acrylic acid
3,3,5,56,7,7,8,8,9,9,10,10,10-tridecaflucro-decyl ester (synthesized
according to US3916009, CIBA-GEIGY AG, 1975) in absolute ethanol
were allowed to stir at 60 °C for 5h. The solvent was distilled of under
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10 CH200C). 13C NMR (MeOH-d4): 8.6 (s, CH2Si), 14.5 (s, CH2CH2Si), 18.7 (s, CH3), 21.5 (m,
CF2CH2CH2), 31.4 (t, CF2CH2), 50.3 (m, CH2N), 59.1 (s, NCH2), 57.4 (00O00H2CH2N), 59.4 (s,
CH20), 61. Zg 'C'}HZOOOQ 115.5, 117.5, 15119.9, (3xm, CF), 173.6 (s, C \‘7\26 Example 22 synthe5|s
tertiary ami q A26xirane A mixture one equivalent of APTES and t 5
(2,2,3,3,4,4,5,5,6,6,7,7,7-tridecafluoro-heptyl)-oxirane (Cirkva, V. et al. 20 J Fluorlne Chem 1997, 83,
151-158), dissolvedunerHessasediiowedide Shie aes50ad foribtaivspeovddtettierdesinied twin-tail silane

quantitatively as g apbgs ol Zl);dggHtr@m\@lagfé%@jgggwnder reduced pressure. 1H NMR
(THF-d8): 0.69 (m, 2H, CHZ2SI), 1.29 (m,"CH3), 1.56 (m, 2H, 25CH2CH2Si), 2.31 (2 x m, 4H,

CF2CH?2), 2.50 - 2.80 (m, 6H, CH2N), 3.81 (m, 6H, OCH?2), 4.08, 4,15 (2 x s, br, 2H, CHOH). 13C
NMR (CDC13): 8.0 (s, CH2Si), 18.6 (s, CH2CH3), 23.7 (s, CH2CH2Si), 36.4 (m, CF2CH2), 52.3 (s,
NCH2), 55.1 (s, CH2MR@1e(H- QOHRES T3 26(nTHISI HQB2NBH,08H11 0, 34 6m]1 281 (m, CF2 and

CF3). CLAIMS 05|I e nted b
(L)3-Si-(CH \gﬁa E%%ﬂ;?e%%@’ (?f{lg ormu a 1@&62% 89! gﬂdn?sc;%ge%%r?aently an integer from
1to 12; NCH.CoHa), 2.77 (m, br, 4H, CH2N), 2.85 (m,4H CaF3CHy), 3.04 (m, 4H,

CF,CHLCFy), 3.60 (s, 9H, OCHy), 4.30 (m, 4H, CH,00C).

BC NMR (MeOH-d4): 8.6 (s, CH.Si), 14.6 (s, CH,CH,Si), 18.7 (s, CHas),

10 21.4 (m, CF.CH.CHy), 33.4 (m, CHCOO0), 37.7 {m, CH.CF.CHy), 44.3 (m
C4FsCH2CF2), 50.3 (m, CH2N), 56.5 (m, CF2CH,CF,), 57.5 (s, NCH,
CH2COO), 59.1 {m, CF2CH2CF2), 59.5 (s, OCHy), 61.5 {s, CH,00C),
115.5, 117.5, 119.9, 124.1 (4xm, C,Fq), 173.9 (s, COO).

15  Example 21 - tertiary amine fluorosilane (from PPVE acrviate: Michael
addition)

A bis-fluoroatky! (twin-tait) silane with ester and tertiary amine tether

moieties was synthesized according to:

20 (CHgCHQ—O—):;Si“(CHz)g—-NH2 + 2 CHQ:CHQ‘“C(O)“O“(CHQ}Z“CQF4“O“
CafF7

{CHaCH2~0-)38i~(CHz2 )2 N[~ CHz)—-C(O)-0—(CH3},—CoF4:—0-CaF7]2

Acrylic acid was esterified with 2-[2-(heptafiuoropropoxy)-

25  tetrafluoroethylj-ethyl alcohol (US 2008113199 A1) in the presence
catalytic amounts of p-toluene sulfonic acid to vield acrylic acid 3,3,4 4-
tetrafluoro-4-heptafluoropropyloxy-butyl ester quantitatively. The ester
was washed with water and distilled prior to the reaction with APTES
{Aminopropyt tristhoxysilane, CAS# 919-30-2). A solution of one
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10a, X, and (are integers chosen such that the moiety of Formula 1 represented by
-(Z21),1C(X1)1x-(Z2)1- further represents at least one of the following moieties: i) a first moiety wherein
a=1, x=1, and-=% ~and ii) a second moiety wherein a=1 , x=0; and 1=0; 15 L is independently
chosen fromYGt8iEable or non-hydrolysable monovalent group Y EHEEERP 8 m a C2-C12
perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalkyl can be optionally replaced by

hydrogen, and/oréii)uivelpetrfid o ks ahive eptibradytnemyijatadit\s 2t oasepaiudboekygen,
methylene, or et ' i C f oup.consistin a C2-C12 hydrocarbylene
optionally interru?)%':é(ég(f%{&J gﬁ@%&%@%@glﬁ\% gﬁ%g%?}%g#ﬁ%@(\ﬁsec %Es\g%%f%gr# %tr : the first moiety

further defined wher@o?1 dne 2Qvaet srrsseisidlashahandEs apduckd-NEssae Zopofidm the group
consisting of 'Nﬂhé%“eé%d'm'—@é%ﬁa'%lé%@ amifGQOARINGE R AL 2

-(R1)CH-[HC(OO0H)I-S-; b) alternatively, Z2 is -NH- and Z1 is from the group consisting of -0-, and -S-;
5provided that wRBIPZES8C#2 is 0, or when Z1 is -NH- and Z2 is -NH-, then Q1 is interrupted by at
least one divalent moiety chosen from the group consisting of -S-, -S(0)-, -S(0)2-, -NR1-S(0)2-
-N(CH)3S(0)2-, and

"H NMR (CDCls): 0.58 (m, 2H, GH,Si), 1.21 (t, 9H, CHa), 1.54 (m, 2H,
CH2CH:Si), 2.46 and 2.52 (2xm, 10H, CF2CH, and NCH,CH, and
OOCCH?2), 2.76 (m, 4H, CHLN), 3.62 (m, 6H, OCH), 4.36 (m, 1H,

10 CH,00C).

C NMR (MeOH-d4): 8.6 (s, CH,Si), 14.5 (s, CH2CH,Si), 18.7 (s, CHa),

21.5 (m, CF2CH:CHy), 31.4 (t, CF2CHy), 50.3 (m, CH2N), 59.1 (s, NCHy),

57.4 (OOCCH2CH,N), 59.4 (s, CH20), 1.5 (s, CH.00C), 115.5, 117.5,
15 119.9, (3xm, CF), 173.6 (s, COO).

Fxample 22 - synthesis tertiary amine from C4-oxirane

A mixture one equivalent of APTES and two equivalents 2-
(2,2,3,3,4,4,5,56,6,7,7,7T-tridecafluoro-heptyl)-oxirane (Cirkva, V. et al.
20  J Fluorine Chem. 1997, 83, 151-158), dissolved in THF, was allowed to
stir at 50 °C for 5h to provide the desired twin-tail silane quantitatively as a
amber oil upon removal of the solvent under reduced pressure.

"H NMR (THF-d8): 0.69 (m, 2H, CHSi), 1.29 (m, CHs), 1.56 (m, 2H,
25  CHCH:SI), 2.31 (2 x m, 4H, CF2CHy), 2.50 ~ 2.80 (m, 6H, CHoN), 3.81
(m, 6H, OCHy), 4.08, 4,15 (2 x s, br, 2H, CHOH).

"C NMR (CDCla): 8.0 (s, CH,S1), 18.6 (s, CH2CHs), 23.7 (s, CH2CH,SH),
36.4 (m, CF2CH3), 52.3 (s, NCHy), 55.1 (s, CH2N), 58.7 (s, OCHy), 63.3
30 (m, HOCHCH;N), 108, 110, 116, 118 (m, CF2 and CF3).
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each R1 is independently chosen from hydrogen, phenyl, or a 10monovalent CrC5 alkyl optionally
terminated by -C6H5, preferably H Or CH3; the second moiety further defined wherein: a) Z1
is-N(-Q3-R); and b) Q1 and Q3 are independently chosen from the group consisting 150f a C2-C12
hydrocarbylene interrupted by at least one of -C(0)-0- or -0-0(0)-, and optionally further interrupted by
at least one divalent organic group. 2.The fluorosilane of claim 1 being an isocyanate derived
fluorosilane 20 wherein: a=1, x=1, and 1=1; Z1 is -NH- and Z2 is from the group consisting of -NH-,
-0-, -S-, -NH-S(0)2-, and -N[C(0)1-1]-; alternatively, Z2 is -NH- and Z1 is from the group
consisting of 25-0-, and -S-; said isocyanate derivey Auasilane represented by the formula:
(L)3-Si-(CH2)n-Z1-C(X1)- ZZ -Q1-Rf; provided that when Z1 or Z2 is 0, Q1 is a 02-012 hydrocarbylene
optionally interru ) divalent moiety chosen from the group consisting of -S-, -8(0)-,
-S(0)2- -NH-S(0)2-, -N(CH)3S(0)2-, and 3. The isocyanate derived fluorosilane of claim 2 being a
urea or -

1. A fluorosilane represented by
5
(L)3-Si~(CH2)n~(Z Va-ICX N ~(Z*I-Q"-R¢ Formula 1
wherein:
each n is independently an integer from 1 to 12;
10 a, ¥, and | are integers chosen such that the moiety of Formula 1

represented by -(Z),-[C(X")-(Z*)1- further represents at least one of the
following moieties:
i) a first moiety wherein a=ﬂ , x=1,and =1 ; and
i) a second moiety wherein a=1, x=0; and 1=0;
15 L is independently chosen from a hydrolysable or non-hydrolysable
monovalent group
| Rt is chosen from a C-C1y perfluorcalkyl provided that: i) one
flﬁorine atom of the perfluoroalkyl can be optionally replaced by hydrogen,
and/or ii) the perfluoroalkyl can be optionally interrupted by at least one
20 oxygen, methyiene, or ethylene;
Q" is chosen from the group consisting of a C,-C4, hydrocarbylene
optionally interrupted by at least one divalent organic group;
X" is chosen from O or S;
the first moiety further defined wherein Z' and Z* are chosen such that:
25 a) Z'is -NH- and 22 is from the group consisting of -NH-, -O-,
-S-, -NH-8(0)2-, -N[C(O)H]-, -[HC(COOH)(R")JCH-S- and
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5 thiourea fluorosilane wherein: Z1 and Z2 are both -NH-; said urea or thiourea represented by the
formula: (L)3Si-(CH2),-,-NH-C(X1 )-NH-Q1-Rf wherein: 10X1 is 0 to form a urea, or X1 is S to form a
thiourea; and Q1 is independently chosen from the group consisting of a 02-012 hydrocarbylene
optionally interrupted by at least one divalent moiety chosen from the group consisting of -S-, -5(0)-,
-5(0)2-, and -0-C(0)-NH 15 4. The urea or thiourea fluorosilane of claim 3 wherein Rf is chosen from a
02-012 perfluoroalkyl and Q1 is independently chosen from the group consisting of a C2-012
hydrocarbylene interrupted by at least one divalent moiety chosen from the group consisting of -S-,
-8(0)-, -S(0)2-, 20 and -O¢R(OENHHE (TR, thiourea fluorosilane of claim 3 wherein Rf is chosen
from a C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalkyl is replaced by
hydrogen, and/or ii) the perfluoroalkyl is 75 interrupted by at least one oxygen, methylene, or ethylene.
6. The isocyanate derivéx] 8iserostlaaky of Tiaifl 2- il 4 isdrbamtate doomsiassivigeoéin: Z1 is -NH-
and Z2 is -0- or Z1 is -0- gnd_£2 ig,-NH-; and X1 is 0; 5 said carbamate represented by the formulae:
(L)3Si-(CH2)n-NH-C(0)-0-0f Rt of *

5 provided that when Z' or Z% is O, or when Z" is -NH- and Z? is =NH-,

then Q' is interrupted by at least one divalent moiety chosen from
the group consisting of -S-, -S(0)-, IHS(O)g—,
-NR'-S(0),- -N(CH)2S(0O)p-, and ==
each R’ is independently chosen from hydrogen, phenyl, ora

10 monovalent CrCg alkyl optionally terminated by -CgHs, preferably
H Or CHg;

the second moiety further defined wherein:

a) Z' is-N(-Q*Ry); and
b) Q' and Q° are independently chosen from the group consisting

I35 : of a Co-C+2 hydrocarbylene interrupted by at least one of
-C{O)-0- or -0O-C(O)-, and optionally further interrupted by at

least one divalent organic group.

2. The fluorosilane of claim 1 being an isocyanate derived fluorosilane
20 wherein:
a=1,x=1,and =1,
Z'is -NH- and Z? is from the group consisting of -NH-, -O-, -S-,
-NH-5(0),-, and -N[C(O}H]-;
alternatively, Z? is -NH- and Z' is from the group consisting of
25 -0-, and -S-;
said isocyanate derived fluorosilane represented by the formuia:
(La-Si-(CH2)-Z'-C(X")-Z2-Q"-R
provided that when Z' or Z%is O, Q' is a C,-Cy2 hydrocarbylene optionally

interrupted by at least one divalent moiety chosen from the group
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(L)3Si-(CH2),-0-C(0)-NH-Q1-Rf wherein: Q1 is a C2-C12 hydrocarbylene optionally interrupted
by at least one 10 divalent moiety chosen from the group consisting of -NH-C(0)-NH-, - NH-C(S)-NH-,
-S-, -8(0)-, -8(0)2-, -(R1JIN-8(0)2-, 7. The carbamate fluorosilane of claim 6 wherein Rf is chosen from
a C2-C12 perfluoroalkyl and Q1 is independently chosen from the group 15 consisting of a C2-C12
hydrocarbylene interrupted by at least one divalent moiety chosen from the group consisting of -S-,

- -5(0)-, -8(0)2-, and -0- C(0)-NH 8. The carbamate fluorosilane of claim 6 wherein Rf is chosen from a
20 C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalkyl is replaced by

hydrogen, and/orggriietipgrifiomaliy(ids-in®ttypted ycaOlpastiditH) G e naethylene, or ethylene.

9. The isocyanate derived fluorosilane of claim 2 being a 25 thiolcarbamate fluorosilane wherein: Z1 is
-NH- and Z2 is S"@?EI is -S- and Z2 is-NH-; and X1 is 0; said thiolcarbamate fluorosilane
represented by the formulae: (L)3S1-(CH2)n-NH-C(0)-S-01-Rf or (L)3Si-(CH2)n-S-C(0)-NH-Q1-Rf
5wherein: Q1 is independently chosen from the group consisting of a C2-C12 hydrocarbylene

optionally interrupted by at least one divalent moiety chosen from the group consisting of -S-, -S(0)-,
-S(0)2-, -N(R1)-C}0)-, The isocyanate derived fluofosilane of claim 2 being a urea or

5 thiourea fluorosilane wherein:
7" and 7?2 are both -NH-;
said urea or thiourea represented by the formula:
(L)3Si-(CH2)n-NH-C(X" )-NH-Q'-R;
wherein:
10 X'is O to form a urea, or X' is S to form a thiourea; and
Q' is independently chosen from the group consisting of a C2-C+z
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of -S-, -S(0)-, -S(O).-, and
-O-C(O)-NH -.
15
4 The urea or thiourea fluorosilane of claim 3 wherein Ry is chosen
from a C,-C12 perfluoroalkyl and Q' is independently chosen from the
group consisting of a C,-Cy, hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of -S-, -§(0)-, -S(O)z-,
20 and -O-C(O)-NH -.

5. The urea or thiourea fluorosilane of claim 3 wherein Ry is chosen
from a C,-C1z perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroatkyl is

25 interrupted by at least one oxygen, methylene, or ethylene.
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N- -C(0)-N(R1)-, -(R1)N-S(0)2-, andN=N | 10 10. The thiolcarbamate fluorosilane of claim 9 wherein
Rf is chosen from a C2-C12 perfluoroalkyl and Q1 is independently chosen from the group consisting
of a C2-012 hydrocarbylene interrupted by at least one divalent moiety chosen from the group
consisting of -S-, -S(0)-, -S(0)2-, 15 and -0-C(0)-NH 11. The thiolcarbamate fluorosilane of claim 9
wherein Rf is chosen from a C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is 20interrupted by at least one
oxygen, methylene, or ethylene; Q is chosen from the group consisting of a C2-012 hydrocarbylene
optionally interrugted byTatkl ésstyameidividene o M aotiesjemspof THiTh2 isooyanasetdenated fluorosilane
of claim 2 being e% N-sulf%%ee \ZN%urea fluorosilane wherein: Z1 is -NH-,and Z2 is -NH--S(0)r-; and X1 is
r

0; said N-sulfone W%%??épresen erng‘y the formula: (L)3BSHCH2)n-NH-C(0)-NH-S(0)2-01-Rf

wherein: Q1 is indep&hiertii-candel froif-tios §idepQoasisFidsoMin-uantterrupted C2-C12
hydrocarbylene. 5 13. TR@ iguaros lane of claim 1 being a formyl urea fluorosilane wherein: 2=1, x=1,
and 1=1; and Z1 is -NH-, and 22 is -N[C(0)1-1]-;

5 said carbamate represented by the formulae:

(L)3Si-(CH2)n-NH-C(0)-0-Q"-R; or
(L)3Si-(CH2)-O-C(O)-NH-Q"-R;
wherein:
Q' is a C,-Cq2 hydrocarbylene optionally interrupted by at least one

10 divalent moiety chosen from the group consisting of -NH-C(O)-NH-, -

S
-

NH-C(S)-NH-, -S-, -S(0)-, -S(0)-, -(R"IN-S(O)-, (e

7. The carbamate fluorosilane of claim 6 wherein R; is chosen from a
C.-C+» perfluoroalkyl and Q' is independently chosen from the éroup

15 consisting of a Cp-C1; hydrocarbylene interrupted by at least one divalent
moiety chosen from the group consisting of -S-, -S(0}-, -5(0)z-, and -O-
C(O)-NH -.

8. The carbamate fluorosilane of claim 8 wherein R;is chosen from a
20 Co-Cy, perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyt is

interrupted by at least one oxygén, methylene, or ethylene.
9. The isocyanate derived fluorosiiane of claim 2 being a

25 thiolcarbamate fluorosilane wherein:
7" is -NH- and Z2 is -S-, or Z' is -S- and Z° is-NH-: and
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said formyl urea represented by the formula: 10(L)3S1-(CH2)n-NH-C(X1)-N[C(0)HI-C-Rf wherein:

Q1 is independently chosen from the group consisting of a C2-C12 hydrocarbylene interrupted by at
least one divalert meiety chosen from the group consisting of -S- and -NH-. 15 14. The fluorosilane of
claim 1 bein¥'& #8&HEYSuccinamic acid fluorosilane wherein: a=1, x=1, BEH/US208FBIEINH- and Z2
is -[HC(COOH)(R1))CH-S- or 20-(R1)CH-[HC(COOH)]-S-; X1 is 0; and Q1 is -(CH2)2- said thioether
succinamic acid represexiteddpy the formulae:
(L)BSHCH2),-NH-C(0)-(HC(COOH)(R1)1CR1-(CH2)m-S-(CH2)2-Rf, or

(L)3SE-(CH2),-.Ns#iC (Ois(&)EM{ERLICBO ) 2-(EH23amB (Gl B)@-Bfabladierein m 1 or 0; wherein
each R1 is independently chosen from methyl or hydrogen preferably H. 15.The fluorosilane of claim
1 being a tertiary amine {eSoéikatmb wieréOx=3-Q=6Ra@1d 1=0; and Z1 is -N[-03-(Rf)]-; 5said tertiary

amine represented by the formula:
(L)sSi—~(CH2),—S—C(O)-NH-Q'-R;

5 whersin:

Q'is independently chosen from the group consisting of a C»-Cr2
hydrocarbylene optionally interrupted by at ieast one divaient moiety
chosen from the group consisting of ~S—, ~8(0)~, ~S(Q)—, -N(R"-C(O}~,

A N
~C(O)-N(R")~, (RYN-S(O)—, and
10

10.  The thiolcarbamate fluorosilane of ciaim 9 wherein R; is chosen

from a Co~C+y perfluoroalkyl and Q" is independently chosen from the

group consisting of a C.-C+2 hydrocarbyiene interrupted by at ieast one

divalent moiety chosen from the group consisting of —-S—, ~S(Q}~, ~S(0)-,
15 and ~O-C{O)-NH —.

11, The thioicarbamate fluorosilane of ciaim 9 wherein Ry is chosen
from a Cx—C1z perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalky! is replaced by hydrogen, and/or ii} the perfiucroalky! is

20  interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C—C+,; hydrocarbyiene optionally
interrupted by at least one divalent organic group.

12.  The isocyanate derived fluorosilane of ciaim 2 being a N-sulfone
25  urea fiuorosilane wherein:

Z" is =NH-,and Z? is -=NH~-S(0),—; and
X'is O;

said N-sulfone urea represented by the formula:
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Rf‘QB (L)3SI(CHATN Q1 and Q3 is independently chosen from the group consisting of a C2- 012
hydrocarbylene interrupted by at least one -C(0)-0- and optionally further interrupted by at least one
divalent moiety:eheserfrom the group 10 consisting of -S-, -S(0)-, -S(0)2-, -N(R1)-C(0)-, -C(0)-N(R1)-,
- (R1)N-S(0)92 AMZ6IE1 PCT/US2008/085109
(L)sSi~CHz)n-NH-C(O}-NH-S(0)~Q'-R;
wherein:
Qlis independently chosen from the group consisting of an
uninterrupted C.-C42 hydrocarbylene.

5
13. The fivorosilane of claim 1 being a formyt urea fiuorosilane wherein:
a=1, x=1, and |=1; and
Z"is =NH-, and Z* is -N[C(O)H];
said formyl urea represented by the formuia:
10 (LYsSi~{CH2)p~NH-C(X"}-N[C(OH]-Q"-R;
wherein:

Q'is independently chosen from the group consisting of a Co-Cyz
hydrocarbylene interrupted by at least one divalent moiety chosen from
the group consisting of ~S— and ~NH-.

15
14.  The fiuorosilane of claim 1 being a thioether succinamic acid
fluorosilane wherein:
a=1, x=1, and I=1;
Z" is ~NH- and Z? is ~[HC{COOH)(R")ICH-S~ or
20 ~(RNYCH-[HC(COOH)}-S—;

X'is O; and Q' is ~(CHa)o—
said thicether succinamic acid represented by the formulae:
(L)sSi~(CHz)y~NH-C(O}HC(COOHYR)CR " ~(CHz)m~S—(CH2)~R:, or
(LYsSI~{CHz)y~NH-C(O)~R"YCH-[CR*(COOH)|~(CHy)y—S—~(CHz)o—R:

25 wherein m 1 or 0; wherein each R is independentiy chosen from methyl
or hydrogen preferably H.
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15

15.  The fluorosilane of claim 1 being a tertiary amine fluorositane
wherein: '

a=1, x=0; and |=0; and
7V is ~NI—-Q*~(Ro)l~;

said tertiary amine represented by the formula:

(L)gS—(CH ) N—Q R,

n

Q" and Q° is independently chosen from the group consisting of a Co-
C12 hydrocarbylene interrupted by at least one —C(O)-0O- and optionally
further interrupted by at ieast one divalent moiety chosen from the group
consisting of ~S—, ~§(O), ~S(0)—, -N(R"}-C(O}~, —C(O)}=-N(R"}-, -

V-

(R'N-S(O)>~, and e
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