TI TLE OF | NVENTI ON FLUOROALKYL SI LANES BACKGROUND OF

~+ THE J-DNVENTI ON Fl uor oal kyl silanes are a class of

W@ ovpowses useful for various industrial purpoBREEUSI08/085109
exanpl e, fluoroal kyl silanes which have hydrol ysabl e

groups (called hydrol m&%@ﬂm@ silanes), are
conpounds useful as s agents whi ch
provi de durabl e hydrophobi c and al eq hObIC coat i ngs.

I n general, hydrol yfé@QRﬂ% ISJ& ? anes can be
represented with the follown ormul a RO )sSi - Rt
wherein Ris H W&Mdﬂ@ﬂé@éﬁ@ﬂ)val ent
organi ¢ conpound term nated by a perfluoroal kyl group.
V\hen usklliorealky=ilanes ard amssmg:oqmmgr@smﬁeéml;for RIS
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o AyielysebRs Gouobaealicachydielybitermakbikyisiilbags) b t he

sur noi ety conprises a dival ent organic

l i ﬁqzmﬁgugd@ugefmaeﬁurfaﬁweﬁheeeh agesss WhiGkhprioyiog durable

of DErBBho e B AbOMeTe kol cTh el RARUARLRY fusrogtis

ol eutaammem (0] mﬁ’ééerﬁ@dlvmtfﬁtr@%ﬂ@nmg%ﬁhw@g(Rﬁf-fng-R&}
have been made to engi neer fluoroal kyl silanes by

10 | NGAERAR # isN9 oRanMkB! & RMK ‘éhn@ﬁbﬂ)%léhtférgéﬁl@tcompound
di val ent organic Ilnkliag groups which lin

si lerevated cbmaapelfﬂuerqal ngﬁqumywmn wgrsl tomseatel syfase, the
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ur stiff@seete.g angddioxgh Mnésoﬂbtﬁéﬂmﬂv@grcﬁfbég tAeréby bdnbing
1; JP 2002053805 A; EP 0950662 A 1; EP 064061 1 A 1;
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en
in quorlne atoms whose unique 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 linking

20 groups which link to the silicon atom of the fluoroalkyl silane. Examples of
such divalent organic linking groups include esters, sulfonamides, amides,
ethers, thioethers, arylenes, urethanes, and hydrines as discussed by EP
0157218 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. 1981, 20(1), 130-133;
Howarter, J. et al. Polym. 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
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Chem stry) 2005, 46(2), 21-22). The foregoing
references are evidence that nodification of the

ol SRR sicesaMId RE eglem BRIyt T esap orore
Si bgmgeredine present invention provides forfluoroal kyl
sil anes having Rt noieties which have not been

her et of ore cons NVENTI ON
(L)3-Si-(CH2)SEqu FYUMITA MARYNGEN _NRf
Formul a 1 wher ei1n: each n is i1ndependently an i nteger
f r paS-CHI—(@)ax[CXALHZE-Q R eger Borrhdligeh such
that the noiety of Fornula 1 represented by -(Z

51)ehpfik 1) x-(Z 2)i- further represents at | east one
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of the following noieties: i) a first noiety wherein

a=1l , each n igindepeddentynsh integer fReAANG 1 ety wher ein
a=1l , x=0; and =0 L is independently chosen from a

hydr ol y saking |Qre B EMIERIsERaRICA tARNALGhSIREY 8f PPt 1
is chosen froma, C2-Cl pergl uor oal kyl provi ded that:

i ) represented byndZik- el (X1 )+6&")pdutthabrapaesents aaleastone of the
optiqnal Iy repl aced by hydrogen, and/or ii) the
pefq‘ugwm%éol@ ®Scan be optionally interrupted by at

| east one .oxygen, nethy|ene, or ethylepe;, Ois chosen
fromthe gt oég'rgd’ﬂg'ﬁ& %Iqsr%rﬁ aé1cﬁfga”§qlﬁ9dg@gar byl ene
optionally interrupted by at |east one dival ent

organi ¢ gridup:seeand sqiayuiereiaT t el redd=Consi st i ng

of a C2-C 2 hydrocarbyl ene optionally interrupted by
at | edsts isaependentlyrehosegdrang aghydielysable or non-hydrolysable

monovalent group

Rt is chosen from a Co—C12 perfluoroalkyl provided that: i) one
fluorine atom of the perfluoroalkyl can be optionally replaced by hydrogen,
and/or ii) the perfluoroalkyl can be optionally interrupted by at least one
oxygen, methylene, or ethylene; Q is chosen from the group consisting of
a Co—C+2 hydrocarbylene optionally interrupted by at least one divalent
organic group;

Q' is chosen from the group consisting of a C»-Cy, 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:

a) Z'is -NH-and Z? is from the group consisting of -NH-, —O—,
—_S—, ~NH-S(0)—, -N[C(O)H]-, -[HC(COOH)(R")JCH-S~, and

~(R")CH-[HC(COOH)]-S~;

b) alternatively, Z?is -NH—and Z' is from the group consisting of
—O—, and -S—;



X1l is chosen fromOor S; the first noiety further
~defined-wherein Z1 and Z2 are chosen such that: a) Z1
WO 20098R598Nnd Z2 is fromthe group consi sti ng OPCT/NE'B-OQS/OSSIM
-0, -S-, -NH-S(O) 2- , -NC(OH -, -

1 CH-S- ti.vel
s REn e %%@ﬂﬂ:%:@’:t%+@de@?§%$r”aocﬁ Valght
and -S- nﬁﬂetW@ﬁBséifr@Fn@% duP. corbistifig 'o’ﬂLSU ugiesl, @),
| east one dival ent noi ety chosen fromt e group
consisting of -S-, -S(Q-, -S(OQ 2—¢nHfy- -NRl S(O

2- - N( CHNRSB@ -, ~NECid):8t0)5-, dpdeadh i RL: i s

i ndependent|ly chosen from hydrogen, phenyl, or a

nonoval éﬁtea@h(RglsahMenwmtI?@abbdn Tr@ﬁnhj?@*bgén byhenyl, or a
C6H5, preferabl¥ second noi ety furt her

5 def i nedMaREVaien’ Ca)CSZ¢1|kY|§-ﬂ(IPn@|58terP&'nat8ﬁ@ijcdjﬁaﬁﬁﬁf@j?b'y
are |ndﬁ ﬂntly chosen fromthe group consisting of

2 hy Pocar byl ene interrupted by at | east one

h&%%ﬁ?dﬂﬁ(?tv fir ﬁ&fb@ﬂeﬁ@%‘é‘f’%biﬂf" oL gan ¢ or oup.

UnI ess of)t? ﬂfc? erein the definitions used
herein fbi LIS~ T f)@tn Z2, Ql, @B, Rl, and Rf are

i dent i cal tp the.definjtions set forth above for
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-NH; —-C(O)-0O- or —O—C(0O)—, and optionally further interrupted by at

least one divalent organic group.

Unless otherwise stated herein the definitions used herein for L, n,
Z'. X" 72, Q", Q% R, and R; are identical to the definitions set forth above

15  for Formula 1.

A preferred fluorosilane of Formula 1 is an isocyanate derived

fluorosilane being a urea or thiourea fluorosilane wherein:
Z" and Z* are both —NH—;

said urea or thiourea represented by the formula:
20 (L)3Si—(CH2)—~NH-C(X"-NH-Q'-R;
wherein:

X'is O to form a urea fluorosilane, or X' is S to form a thiourea

fluorosilane; and

Q' is independently chosen from the group consisting of a C2-Ci2
25 hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —-S—, —S(O)-, —S(O).—, and
—O—C(O)-NH —.

A preferred urea or thiourea fluorosilane is one wherein Ry is

chosen from a Co—C12 perfluoroalkyl and Q' is independently chosen from

3



said urea or thiourea represented by the formnul a:

A 38 ~€CH 2)n-NH- C(X 1)-NH-Q 1- Rf wherein: X1 is O
W@ 20000735958 urea fluorosilane, or X1 is S to foPET/EHS2008/085109
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thiourea quorosiIane' and QL is independently chosen
m t he con

f -G 2 hyd byl
opTBsapFonaRuie B edee b5 Rforpsaty RneanRted by s sy one
Ch@ﬁ/@fénfth% ft?ho@éﬁlﬁ%n@%gﬁiu isting-of =3 AS(0)=,AKW),—,
2- , and - . Apreferred urea or thiourea

flaﬁﬂoﬂ-lcé(ﬁl% N tme wherein Rf is chosen froma C2-C
2 perfluoroal kyl and QL is independently chosen
f r omt heAgrrefguredoureiasirithiguoda Au@dsiineishyrtr whardiy IRz e

}Ptgf?é{qgﬁ%rgr?]@bé fé‘, | ea @w&%ﬁwﬁjbv@% %‘H%X@%%ﬁ%@ atom of
anghe &er%@daWI is repPadérdecﬁ}ﬁlﬁ\ycﬁ@géﬁ eéhc%r ﬁ)hth@LHe?ﬁUoroalkyl is

fl uorosilane i's one whereéein hosen from a -
2 pséerftumteddoaﬂ Ayeagirang @e/@enhmethyl¢n©,rmr dthylenen@ latcbnsen

| ORI by SoRSHIG o 8L SRR de g Bs Rl e

Oxyﬁ@rﬂuptﬁﬁtHWétQ@@st e @laheojanie guphosen from the
group consisting of a C2-G 2 hydrocar byl ene

opt i onahhytHehbRéferabasSodPanate H8AEd AStodi iR 8Mtormula 1 is a

organi c group. Another preferred isocyanate derived
f | cabesiataflgordsilgoe milesein: i s a carbamate fl uorosil ane
wherein: Z1 is -NH and Z2 is -O, or Z1 is -O and Z2
i s - NHE! isatmNHXandZ°@s —€xi, dr ZAidabatand Episesdidtpandy
t he for1mJI ae. (L)3SIi-(CH2)n-NHC(O-0Q 1- R, or

X'is O;

said carbamate represented by the formulae:
(L)3Si~(CH,):—~NH-C(0)-0-Q'-R;, or
(L)sSi~(CH2)n—0-C(0)-NH-Q"-R
wherein:

Q' is a Co~C12 hydrocarbylene interrupted by at least one divalent

moiety chosen from the group consisting of —-NH-C(O)-NH—, —-NH-C(S)-
A N—
NH-, —S-, -S(0)-, -8(0)r—, ~(R')N-S(0)—~, "=t
A preferred carbamate fluorosilane is one wherein Rt is chosen

from a Co—C12 perfluoroalkyl and Q' is independently chosen from the
group consisting of a C»-C1, hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of —-S—, —S(O)—, —S(O)2—,
and —O—-C(O)-NH —.

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



(L)3Si-(CH2)n-OC(O-NHQ 1- Rf wherein: QL is a
~1 G2~ Ci~2-hydrocar byl ene interrupted by at | east one
wW@l0alzases noi ety chosen fromthe group consi stPEEULK008/085109
-NH C(O) - NH, -NH-C(S)- - - N+, -S, -S(O- -S(O 2-
rre ar bamat e

f|f5§%éﬁ%mep censlﬁanmﬁ&z.qd%ﬁv focREYIETS PETRNAIS -

2 m&uM@aWé@Méaﬁr&we%vm&nt alg%ﬁwﬂ@@bl y chosen from
the group consisting of ydr ocar byl ene

interr u%gﬂge&p%}r@grﬂeeﬁécﬁﬂg @a%m&{‘%%dgebﬁé ?‘Wﬂa 1is a

fromthe group consisti
anthieclbarG@d)atélifuorosilanevdfezeined car bamat e fl uorosi | ane
is one wherein Rf is chosen froma C2-C 2

5 per f | upYigalNeyl apd¥iided—t baz! ig YSoradiz2usciAe; ah@m of
the perfluoroal kyl is replaced by hydrogen, and/or ii)
t he pexfisuoroal kyl is interrupted by at | east one
oxygen, nethylene, or ethylene; Qis chosenfromthe

9r 84if c%?HS‘e?r‘n§fé @%erﬁe@%g%f&)‘rﬂﬂé’éar byl ene optionally

interrupted by at | east One dival ent organic group.

Anot he(})%u—@(ﬁy)?%' se e%r ved fluorosilane of

For mul hi ol c Iouor05| | ane wherein: Z1
is -N 1 -S- and Z2 is-NH; and
Xl is}—%)3 Cé%e)'és% (38)_ Haéle nted by the fornul ae:
L{A/% (CH 2)n-N+C(O-S-Q 1-Rf or (L)3Si-(CH
10 2) O-NHQ 1- Rf wherein: QL is i ndependent Iy
chosen ﬁromthe cg;roup consi sting of a C2-Ci
is independently chosen from the group conS|st|ng of a C,-Cq2
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —=S—, —=S(O)—, —=S(0)2—, -N(R")-C(O)-,
/ /N_
—C(O)-N(R")—, «(R")N=S(O),—, and  n=N
15 A preferred thiolcarbamate fluorosilane is one wherein R¢ is chosen
from a Co—C12 perfluoroalkyl and Q' is independently chosen from the
group consisting of a C2-C12 hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of —-S—, —S(O)—, —S(O)2—,
and —O—-C(O)-NH —.

20 A preferred thiolcarbamate fluorosilane is one wherein Rt is chosen
from a Co—C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a Co—C12 hydrocarbylene optionally

25 interrupted by at least one divalent organic group.

Another preferred isocyanate derived fluorosilane of Formula 1 is a

N-sulfone urea fluorosilane wherein:

Z" is \NH-, and Z? is -NH-S(O)>—; and



hydr ocar byl ene optionally interrupted by at |east one
~tHhAal-ent noiety chosen fromthe group consisting of
WO 309/07800) -, -S(O 2- , -N(R 1)-C(O -, -C(O -MNTRRU)008/085109
-(R1INS(O 2- , and NeN . A preferred
t hi ol (r:??{b ate fluorosilane is one wherein Rf is
chosemfi¥doth a C2-G 2 perfl uoroal kyl and QL is
i ndependently chosen fromthe group consisting of a
25 NYSH RS LERRSRRERRENTAY Y OB @’ at | east one
di val ent noiety chosen fromthe group consisting of
-S-, -S(O-, - )@l—@Hz)n-dﬁH—COOE(%@'T&@)Q—Q Rpreferred
t hi ol carbamate fluorosilane is one wherein Rf is
chobereihr om a C2-C 2 perfluoroal kyl provided that: i)
one fluorine atomof the perfluoroal kyl is replaced by
5 hydr og@hjs indépemnderitly dhosenerdrh ttoe gedupydorisistingtaframupt ed

by at | east ane.o en, t hyl ene, or ethylene; Qis
ChBSBIETTURIRS Gl g0 sashUeSE ng of a C2-G 2

hydr ocar byl ene optionally interrupted by at |east one

di val enfngthgarrefegedusecyanatmderivaciivarpsipneseichermite 1is a

defq ki la 1 i N- sul f
1 e R ARG UL T a2 18 SO

- ; angXl is ail,d_N.sul fone urea represented by
t he forﬁﬂxfr’é?”(’%‘? rl-‘(%ﬂj 2) n- NH- C(O) - NH S(O) 2- Q 1- Rf

wher ei n_, i s I ndepgnde osen fromthe group
10 consi st anlﬁmﬁénaﬂ‘ﬁ%nﬂsefﬂﬁb@gﬁm- C12 hydrocar byl ene.
Anot her preferred isocyanate derived fluorosilane of
ForSdifl formyl drea fepresanteq by the (RSB43 ane wherein: a=1 ,
x=1, and 1=1 ; and
(L)sSi—(CH2),—NH-C(X")-N[C(O)H]-Q"'-R;
wherein:

Q' is independently chosen from the group consisting of a C2-Ci2
15 hydrocarbylene interrupted by at least one divalent moiety chosen from

the group consisting of —S— and —NH-.

Another preferred fluorosilane of Formula 1 is a thioether

succinamic acid fluorosilane wherein:
a=1, x=1, and |=1;
20 Z" is \NH- and Z? is -[HC(COOH)(R")]CH-S- or
—~(R")CH-[HC(COOH)]-S—;
X'is O; and Q" is «(CHz)—
said thioether succinamic acid represented by the formulae:
(L)3Si—(CH2),—~NH-C(O)-[HC(COOH)(RNICR'-(CH2)m—S—(CH2)—R;, or
25 (L)3Si—(CH2)-—NH-C(O)~(R"CH-[CR"(COOH)]~(CH2)m—S—(CHa)2—Rs

wherein mis 1 or 0, preferably 0, wherein each R'is independently
chosen from methyl or hydrogen preferably H.
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Z1 is -NH and Z2 is -NNC(OH]-; said fornyl urea
represented by the fornmula: (L)3Si-(CH 2)n-NHC(X

WAOMNOTEH H - Q 1- Rf wherein: QL i s i ndependeneCT/US2008/085109
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chosen fromthe group consisti ng of a C-C12

hydroc reup ed b t 0 val ent
AR A L SR R R e e

- NithoroAisid @heRdigf erred fI uor03| | ane of Formula 1 is a
t hi oet her succinam c acid fluorosilane wherein: a=1 ,

1, d H- d Z2 i - COH) (R
)1()]c|+g‘l-gi ?)3’(4-()@”?]1095 co%g)] s-lsx1[iH§(o am(jqus
-(CH 2) gdsh Q]t her succi nam c acid represented

by the ornul k L)Y3Si-(CH 2)n-NH C(O - [ HC( COOH) (R

1) m S-

(598 Senbprlng iesrer et pycheoiula:
1(COOH)]-(CH2) m S-(CH 2)2-Rf wherein mis 1 or O,
preferably O, rein each Rl is independently chosen
from methyl or hydrogen preferably H. Another preferred
fluorosilane of $Fornmula 1 is a tertiary am ne
fluorosilane wherein:, a=1 , x=0; and 1=0 and Z1 is
-N[(L)gSB—(—F(GbI;])pF,NsmCM—Rgrtl ary amne represented by
the formula: QL and @ IS |ndependently chosen from

the group consisting of a - Cl12 hydrocar byl en
i nter r@p@@g Q) 'Sé'ﬂdq’%@tengﬁ@hoﬁﬁ'b)(m@ th&rﬁfoHthoﬁﬁﬁlt'Pg of a Co-

fugth rbEér‘?{yLéh%t |ﬁf€rh}bté’& bl &R fdas? BRedic)ent- AW Shdonally

chosen
further interrupted by at Ieast one divalent moiety chosen from the group
consisting of —-S—, —=S(0)-, —=S(0)z—, -N(R")-C(0)-, -C(O)-N(R')-, -

Za

_(\
(R')N-S(O)—, and =" . 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
fluorosilane represented by (L)s—Si—(CH2)—Z'-C(X'-Z*-Q"-R; wherein Z'
is -NH- and Z? is from the group consisting of -NH—, —-O—, —-S—, and —NH-
S(0).—; 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 Z? is —-O—, Q" is a C.—C12 hydrocarbylene interrupted by at
least one divalent moiety chosen from the group consisting of —S—,

7 “N—
-S(0)-, =S(0)2—, -NH-S(0O)2—, —-N(CH)3S(O).—, and

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
isothiocyanate, as represented by (L)s—Si—(CH.),—N=C=X",can be reacted

with a fluoroalkyl terminated by amine, alcohol, thiol, or sulfonamine, as

7



consisting of -S -S(O- -S(O 2- -N(R 1J-C(O -,
A O=NR 1)- - (RIO)NS(O 2- , and =N . QL and B
w@e@prisperably the sanme in preferred terti ar yPERiUS®08/085109
fluorosilanes of the present invention. DETAILED

DESCRI PTI,ON | | ON f fl i

o TR0 PR kB Syaeain 238 G Thgorga PorAne
regl@ent ednbyrsely), 3-siane@tmihBtedBy Shthel)aidordi, tRibl, off
wherein"Z1 is -NH and Z2 is fromthe group consistin

of SUAaMIng: as represeniad IyHE)s-OF ACH: ezt b (whereiBI3) s 2H-.

I S~ NHw\and | om t onsi sti . -

an 969 G et s Bu o RSy B S0 BY Sdeyangte or
5 - Nidothieg\dhrt®)\dshepréderiteabg X 'ZE=-0—@2R;s -O-, Ql is a

C2-G 2 hydrocarbylene interrupted by at |east one

di val enp, g@feﬁ?ﬁéd iSHORAtE HBAVENRUSIFRIENE NS Lifdd iGorekilane

-S, -S(é%-, -S(0_2- , sNHS(O 2-, -N(CH 350 2- ,

anwhergig gc yaifhteadderaned” aralbptbsiNidnesaidfuream@uorosilane

I nyentl o n ) Yy n 1 C n e r.
et B R R R O R Y oA nEigfsilapgs of
t hirl invéMtiorE¥&iTBE enadby $@é‘(}tﬁh§8ér€isb@§éﬂai_étvﬂtﬂ1 &h batiee OFor
i sot hi ocyanate, as represented by (L) 3-Si r&CH

10 2) axapppiex an isegyapate eapinaiedist ang g9 gpreanigd by
term nated by am ne, al cohol, thiol, or sulfonam ne,
as (l9prSis it ge-NyCHD2 cadbe Raclegheitieian ainederinated O,

-S;, or -NHS( Q) 2- n 1Yo a~silane termnated
oy URHRREY R EsEete BY FESFELYRy orBSaen, En amit
I eRIreHRitee &ilfe (d9 Rprésdritét B}/SL)gZSH(CM?%LNH}, édn b8 reacted
-NH, O or S), can be reacted with a fluoroal kyl
t eWHN e isecyanate teryunried fyorealky has csripaerieddy

15 | EPJ-@st —t(ﬁd—l'\kfey X1=C=N-Q 1- Rf . A preferred isocyanate
derived fTuorosilane is a urea fluorosilane wherein X1

is O apd Z1 and 72 are both -NH: said urea :

{1 uor oohiaffer BEPAa Syt §¢ia f&iBshirns a thioures

2) fludidsdrd whkkdh 'R S; BheZ'fdndordarel otAs-NHI—td38d thiourea

i nvention can be nmade b{ reacting an isocyanate with

anfléerogitangggpresented by (L)sSi—(CH2),—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—(CH2)—N=C=S [Synthesis see e.g., US5616762]
can be reacted with an amine terminated fluoroalkyl, as represented by
H.N-Q'-R;. Conversely, an amine terminated silane, as represented by
(L)s—Si—(CH2),—NH,, 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
fluorosilane wherein X' is O; and Z' is -NH- and Z% is -O—, or Z' is —O-

and Z? is -NH—; said carbamate fluorosilane represented by the formulae:
(L)3Si—(CH2),—NH-C(0)-0—-Q'-Rs or (L)3Si—(CH2)—O-C(0)-NH-Q'-R:.

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



exanpl e, an isocyanate term nated sil ane, as
~kepresented by (L)3-Si-(CH 2) i-N=C=0O can be reacted
WaOwRaer/ozs9an ne term nated fluoroal kyl, as repreGEOSA8/085109
by H2N-Q 1- Rf . Conversely, an am ne term nated

d b 3-Si-(CH 2)n-. b
R A i ol R R P o T AR Lo o
r egh Wbﬁgteb&érr%&é\b SQdrne, Fa’fs repr‘&‘éhﬂ&l bP(I?)EBSleHz)n

i socyanate derived f | uorosilane is a thiourea

f | Ne£E69,| candoarracieth Wil arsalgohdrtarrmnamcbﬂtzzroakkel 186t h

’%%?g%rlégp %)yﬁé{\ﬁfc%s;@{{ﬁ\(_é @Qeaéeﬁaﬁ)éoﬁf%ﬁﬁgﬁgd silane, as

5f| t@fr@%dt@ﬂ of the invention can be nmade by reacting
an I sot hi ocyanate with an amne. = For exanple, a

c He tradcteld dife R fh
L e B e R e

caﬂu@@afkyhaserepveaelmt@m wRAFCe=Ne@hriRat ed | uoroal kyl ,
as represented by HZN-Q 1-Rf. Conversely, an am ne
t er m' naﬂ'lael ca'rbamat,e faoros@anes exitteel ptgse_(nt)rﬁleﬁtiel(l @aré made

t W th
2 Bt e 770 BBl 7S e%@f%ﬁ%@bé\%@@é%@é‘fm o1
10 Rf hyd@@ﬁ%né’hfﬁrﬁfﬂt@@’ b;ysé?%/éﬁ? e djﬁéléﬁter‘?{loféty‘ eﬁ8§éﬂ ﬁaﬁl

is a carbamate fluorosifane wherein X1 G
- NiHe grodpZRnisistingof —bH-I—ZJ(Q)sNJ‘BaﬁM%GSé—NNI-h ; -§a+ d-S(O)—,
carbamate fluorosil ane presented by the fornul ae:

L CH O- 1- L) 3Si .
PSR LUNE AR AN (R R
PG ats Qe REEh TS BR TR o
as mmesgnted rbydﬂ Oa@r aRe W|1|hramatcohohﬂednlrr&ed Ouoroalkyl chosen

15 e e oup ok SUSRmingp, A& THTe Bne Fear b R TedRd sypzoles.

Nhﬁré@err@é@uh@nérﬁﬁfd éléom)ﬁshn@nd@kmeptr@eréﬁtéwwdm —(CH2)—
fluoroal kyl, as represented Conver sel vy,

anHal-&ﬁ@di—(ﬁébh-rlﬁai—@—(QHzanN(éus) S?O)z—(Ci-lz)t—Rf, HO—(CHz)
(CH3—CH2—)N-S(O)2—~(CHz)—Rs, and HO—(CHz)—(CH3—CH>—CH2—)N—
(CH2)—Ry; wherein t is independently 1, 2, or 3. Preferred alcohol

20 terminated triazoles include those represented by
HO-(CHZ)t‘(\/N—(CHZ)t-R
N=N

wherein t is independently 1, 2, or 3.

Another preferred isocyanate derived fluorosilane is a
thiolcarbamate fluorosilane 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)sSi—(CHz2)»—NH-C(0)-S—Q'-R; or (L)sSi~(CH2):—S-
C(O)-NH-Q'-R;. Thiolcarbamate fluorosilanes 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



represented by (L)3-Si-(C H2)n-O H, can be reacted
~WdAh~ak-i socyanate term nated fluoroal kyl, as
WO 2peesEm ed by O=C=N-Q 1- Rf . The car banat e PCT/US2008/085109
fluorosilanes of the present invention are nade such

15iiyaroCa ey evearireay o g Bt B i pdJuBrosf. as

dl w@reﬁnta@wtersc@m§ Cﬁérﬂf@réél? SHAIPCPRANHS] biﬂ&weOfas
-NHC(O H C(S S(O-, -S(O

( FeprswrS(%d))byZL)s,—SNiQHz)rPﬁé'f éra@tbq/reaemqgwﬁﬁta@ |socyanate
B

1 Rf, with t ted f al
57 om ¢ NANGIEL B e el PO AN rOSlae i SriTone
t Q-
e B B S M R 0
2- Romheyetm R'fis ina@peoedently CNQSM Bpm@e)grgup@;ﬂnsl)stmwf an

EICIIRE X A RN T

i Slriv@ﬁlﬁ@rﬁfﬁéﬁlbb' Made b, reQétw? an Fé”o%ﬁléﬁét@deﬁhm@@d S|Iane as
term nated triazol es i nclude those represented

10 Hde(m:es%ted byNLscii-A Cﬂ?'zN:N-\ﬁ'eQeWﬁhta udf onaawmetmenmﬂﬂ
te d d
fl ﬂ%?rggl gr?es' @?Péé%%elcg k?a%g?gzsgj%eﬁl?gslel aﬁel xﬁer ein
XllsOad21 or Z1.is

T 72 PedhgrPreteled '%%W%un@g% et RiaraSlarte g oryi urea

1
r2 eﬁuﬁ@fﬂ@r@r@eemﬂea wwbﬁs(%lﬂ?@ﬂmm % N[CéO)HLQ Ry,

Rf whengin §rao(ézmﬁ1e fryﬂmpraé@yleaﬁéﬁeﬂﬂp eby ﬁf\/'éﬁﬂi e dyﬁlent
15 bejd cl%eer‘? Mﬂ%y@%ub%%%%ﬁ%%fm@ thy @ LQHe! in the

presen
Isocyanate derived fluorosilanes of the invention can be made by
reacting a silane terminated isocyanate, represented by (L)s—Si—(CH2)n—
N=C=0, with an N-vinylformamide fluoroalkyl, represented by
HN[C(O)H]-Q'-R;, in the presence of a catalyst such as dibutyltin
20 dilaurate, iron trichloride, or tetraethoxy titanium.

Another preferred fluorosilane of Formula 1 is a thioether

succinamic acid fluorosilane represented by the formulae:
(L)3Si—(CH2),—~NH-C(O)-[HC(COOH)(RHICR'-(CH2)m—S—(CH2)—R, or
(L)3Si~(CH3),—~NH-C(0)~(R"CH-[CR'(COOH)]-(CH2)m—S—(CH2)—Rs

25 wherein m 1 or 0, pref 0; wherein each R is independently chosen from
methyl or hydrogen preferably H. Thioether succinamic acid fluorosilanes
of the invention can be made by reacting an amine terminated silane, as

represented by (L)s—Si—(CH2),—NH,, with a succinic anhydride terminated

o

S-(CH,),-R;
fluoroalkyl, as represented by © , thereby yielding an

10



such as dibutyltin dilaurate, iron thcholide, or

~tetraethoxytitanium For exanple, an isocyanate
W@ epoporesded sil ane, as represented by (L) 3-Si cBeir/b82008/085109

reacted with a thiol term nated fluoroal kyl, as
r Eresented

AT RR T Al 8&&@@%@@@m'%acw'um%f”a@es represented by

2) theSdrmaRie dsovecacted with an i socyanate term nated
fluoroal kyl, as represented by O:C=I\I-Q 1- Rf . Another

preferr Mﬁq@ j
N- sul foﬁgrtﬁ?}gg I ugg?)@)igpgﬁieﬁ {ereﬁ @ggﬁtﬁ ed by %j’l%%lbyt

2) fortdtHaC( O) - NH-S(O) 2- Ql- Rf wherein QL is

i ndependent|y chosen fromthe group consisting of an
uni nterrupted CRCI12 hydrocarbyl ene. N-sulfone urea

fl uorosi | anes of|'the invention can be made by reacting
an isocyanate teyirinated silane, as represented by
(L)3-Si-(CH 2)n-N=C=0, with a sul fonam ne term nated

ted by NH2-S(O 2- Rf .
s anfHE prifE S oo dmaceny loinoi

Fed i socyéanedrebelenadecply fHeublichsiel sevstion of

Aol B S B Bl b o e
2 (dlq))OQQHE?Wnﬁ%du%ﬁé mhedqvadhtd @faas‘énn?f‘%rﬁ'iﬁé%@nt

noil et chosen fromthe ar oup consi st | ng o 5
- Nforoptigtyelnated foamiQ'e®s or QJr-Bsot ameixiusé theéreof wherein Q

| o8 ot e BPadDae o sl B B Rl

10 WI Eé?rrﬁmatéb WlWé%?éﬁ?ﬂb?}ﬁngW(@%ﬂmﬂ%—G(mLQS ah@%am/

15

20

25

% n resence a cata yst such
n@gaghyderre @ptlmlwretermptmﬂ by ptlepst e divetent moiety

e

fl uorosil ane repr esented by t ,@f_rrul ae: (L)3Si-(CH
2) HCNUZ (%l)d ngR 1N=(NCH %)rf@ré‘en(F@Fbr%s%n fRm
Si - n NH- 1(COOH) | -

or (L) R 1)CH

2) hyd&ogeni Qt)@uyl F@r a monovalent C4 Cg al yI optionally termlnated by —
CeHs, preferably H or CHs. One example of Q°—R; or Q'—R; is CH2=CHo—
C(O)-O—(CH3)2—-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).
EXAMPLES

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-(3,3,4,4,5,5,6,6,7,7,8,8,8-
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



wherein m1l or 0, pref O; wherein each Rl is
~hsdependently chosen from nethyl or hydrogen
wee@berEmk y H  Thi oet her succi nam c aci d fl uoresi/Us2988085109
of the invention can be nmade by reacting an am' ne

t t.ed I d

by kA oS Oayanse triRaiuar e 431 e 4556 6-

fl ‘er‘Féfe%éﬂlerb 8 @?—lsfo%%%t%nétﬁgilsbbfanylf B@tra%)’aé’ U@bﬁ:‘tétgby the
ani soneric m Xture of thioether succinamc acid

f | {edpwdng:anes represented by the formul ae above.
Tertiary am ne fluorosilane of the invention

r e(Clds@iit-«o- P Bl fzoNMil & O=CaN—-{EHapde-(BH)REF13 —

M chael reaction of about one nolar equival ent of an

5 an{ie;CiH-aDe);8RCES RRNEE-G(D ) NH3ECH, LCBR)CH 7 )NH2: i t h
about two nolar equivalents of a vinyl term nated

f1 uor oapkquesli@sicrd 1 o Q63,4 596 EridEEafiord-8- ﬁz-
m xture thereof wherein and ar'e i ndependent

se|S@§Y@wt9rﬁih§’|€14lf&:ﬂy|)@0¢i§\ﬂe,dﬂ:|§$fﬂy¢<éh”etoﬂtt&ﬂﬁ Me&SeaﬂdﬂOE/ h

0 SRS B SR TSGR TRs asableg iy qypre. =

di gaCerTrhe*rmuﬂmse wbgsarreﬂ rammﬁm@ntgemmr@tor@fcﬁtonegmfr The

Q- -S(0 2- , -N(R1)-C(O)- |%
10 - (W'Y?N‘S@%))”GVEOV%HV‘N&WG'GU% Bayide:t rﬁ?dfsr”@ﬁ\e as an
hydr@geg;. Phenyl, or a monovalent Ci-Cs alkyl
oplonalfytermnated by - C6H5, preferably H or CH3.

7 S NRFRED Qon 37 Ch2M Kpslonn2 EFT A o @ 24

knO:WBCII-BSt)hE 3ar(¢n M,,CF{CHQCQWMQH\A SOHLN@.69 (m, 2H
i nvention, can involve a solve as et hano

st CHeShe3-88 (&1 8%1'\&6%%&&%&%%@ @lé'z'ij) %B@&m @dﬁ (%Wz)
fo f bout 5 h
15 e s ECHEHREAREM 1H SN, . 200 umer Tt
identifiers for chem cal
3C NMR (CDCls): 8.1 (s, CH,Si), 18.5 (s, CHs), 22.8 (s, CH,CH,Si), 23.9
(s, CH,S), 32.3 (m, CF2CHy), 33.4 (s, SCH>), 40.0 (s, NHCH,), 42.9 (s,
CH4NH), 58.7 (s, OCHy), 106 — 122 (m, CF2 and CF3), 159.0 (s, CO).

20 The isocyanate terminated fluoroalkyl in this example was made
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 (0.1 mol) in dry toluene (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 to warm
to room temperature. A second equivalent of triethyl amine (0.1 mol) is
added followed by the dropwise addition of methyl trichlorosilane (0.12
mol) at 30 — 40 °C (addition time about 20-30 min). The mixture was then
heated to 100 °C for 1 hour. After the mixture had cooled to ambient

30 temperature the precipitated ammonium salts were filtered off. Under

steady N2 flow, both toluene and generated ethoxy methyl dichlorosilane

12



conmpounds whi ch are published by Chenical Abstracts
~Sefmvi~ce-of Col unbus, Chio, USA. Exanple 1 - synthesis
wW®@2009/023%9% | uor osi l ane (1-[2-(3,3,4,4,5,5, 6, 6, 7PTI/BSBNY085109
tridecafl uoro-octyl sul fanyl J-ethyll-S-"ri et hoxysi lyl-p
ropyQo- yr A_.ur f | uor,osil ane S synt L ze
" oBEes Histldo Qi 2Bpapin i dbBdEsliE WaRHEE I g o
t r fuRhRAXNS til2ESmpANTHER, 9@9@%%189, %qug%k w;d Brcﬂﬁh liquid.
|socyanate term nated fluoroal kyl, T,
2,2, 3, ? 344555 66@77888tr|decaﬂu ro- ?tglsulf nyl)- et Iamine
["u ? oct a

tridecafl'uor o 2 i'socyanat o- et hyl'su
aswaepnaxﬂesbyblye tbid dabdlyped dgacy| a3 CbRAIR) 38| -(CH

5 ( hbor B3B8 (&P SRR iy RS 2ty epetamice

2) %rhf%ff’l':wéé% mad‘énsfﬁéélc‘tfﬁb es ok 515 6167 Y 8 8,8-tridecafluoro-
, 2,2, 6-tri decafl uoro-8-(2-

i s@@tﬁaﬁa‘t thl@t thVerrbyi@mIﬁeoct ane, dissolved in
tol uene, was added dropwi se to a solution of one
eqbksmipn? —ofynititidi:Sof diessfloresildne t ol uene, at O0C. The
m xture was stirred at anbi ent tenperature for one
hour. Tharealfluerdsiune waayeitesireteby véadting atrouspbwi\a:t
the desired silane as an anber oil. 1H NMR

10 o, terminated gilargfispcyanatepapy! mthmlanehW&@ aoram@ﬂ

2 Erate ffoislill 2451 £F ST, 7 1 Bl billegBllionstHE)
CHadtyisulfanyibefylarbide, BSdRpicted b ahé follotihg:NHCH2) |
5.45 (m 1H, CH2NH). 13C NMR (CDCI3) : 8.1 (s, CH2Si),

18(CH4GH Si—(CH C=0Hz H Hl —
( £ 2-@'13))3 l)( ’Qﬁ —Ns: .y QH'Q‘S;(E: 2223§-((E3 2)2@@)

32.3 (m
42(OH{cH 2@%@%05@)4%&0(@%&)4—(0#!%—8 33, TFGE2

and 3) The i socyanate term nated
15| UOVO&JAKXJ, u'nfhlé 0°f2€§ia,‘ S0l £5405 cRAS @8%&965@&8 the

fol |l owi ng oce sol ution of one equival ent of

2- octylsulfanyl) ethylamlne dissolved in toluene, was added dropwise to a

solution of one equivalent of 3-isocyanatopropyl triethoxysilane (CAS#

24801-88-5, Gelest Inc, Morrisville, PA 19067) dissolved in toluene, 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 (CDCly): 0.57 (m, 2H, CH,Si), 1.12 (t, 9H, CHs), 1.53 (m, 2H,

CH2CH,Si), 2.31 (m, 2H, CF,CH,), 2.64 (m, 2H, SCH>), 2.69 (m, 2H,

CH,S), 3.08 (m, 2H, NHCH>), 3.32 (m, 2H, CH2NH), 3.76 (m, 6H, OCHy),
25 5.26 (M, 1H, NHCH), 5.45 (m, 1H, CHaNH).

3C NMR (CDCls): 8.1 (s, CH2Si), 18.5 (s, CH2CHs), 22.8 (s, CH2CH.SI),
23.9 (s, CH,S), 32.3 (m, CF2CHy), 33.4 (s, SCH>), 40.0 (s, NHCH,), 42.9
(s, CH2NH), 58.7 (s, OCHy), 106 — 122 (m, CF» and CF3), 159.0 (s, CO).

30
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(3,3,4,4,5/5/6,6,7,7,8,8,8-tridecafl uoro-octyl sul fanyl
~)~etdypl-am ne (0.1 nol) and one equival ent of triethyl
w@pione73585 1 nol) in dry toluene (350 m ) is cPOI/E8200$/085109

O C (ice bath). Ethyl chloroformate (0.1 1 nol) is

added d ogvvi e Wi t hi 20f1’n'n. .The 1 Xt ur.e, '.Ie ,
st | ler amine
second eqU| v?l ent of triethyl am ne ) rz i s added
f ol | owett WatIHErQFIgpRIvES hesiged by r%thﬂa isocyanate

tr
PR SRl S AN
f otertirreded quAfctaékyI 1 23, 615§5,L6r63,7t7a8 8c@ahdecaftuoaodnicgsulfanyl)-
ature .t ipitate [ msalts wer e
5 1 - PRO Bl anum sierce s dr ke done TR RG5! tene and
generat ed et hgoxy neth di chl orosi | anewere distilled

of {CECHadPmrHyCHrhe :*@stl g Gl Holactilier® B2

gn sh the tile compound in 95 %yield as a |ight
bt own i quid.

- o b e TR s aggor s

de@gkd. at| on of L/-[2-
(3>3>4>4>5>5>6>6>7>7>8 8>8-tridecafl uoro-octyl sul fanyl

10 ) - et hyl bi-ages | Bhisd) (VS dRdS Ry WRPSddeWdropwise to a
3,3,4,4,5, 95 F%"bﬂ? ! g 8- (?E?l dectgfl uor ooct anep-WI1

- t AibgLrenpt 2r(3,3.5%b16,6, Zrﬁ 8.8,8-Erdepatiioro-ockysul iyl stayl-

BRI e 7

(3tr|e$@@mn@m@mr@dd1umaleat)r(m b48®)-88i3, [GelvstAnt NMorrisville,
term nated fl uoroa

2- P4, H067) IrsaehmerU$yFHFsambgerttrte@@@éatutﬁarUa)%thslm Wagy

16 ( CRUBLE0 3Gor e 9P KRS DelbRer BV ey o

065116 tN@bﬁﬁMZe@dM@Svas( t@tﬂ;rﬁ)@i With G(ro)xte-df@bluh@-aBd(Hexanes

) Fisohand Hnered, Tes Wiraleahas Sried ungen edusies R s tp Hpish
I )fheeéégf#efar%n%ﬁe idigeantiede yitld 8k YRNEmb¥esi added

dr opw se

20 "HNMR (CDCls): 0.56 (m, 2H, CH,Si), 1.13 (t, 9H, CHs), 1.52 (m, 2H,
CH,CH,Si), 2.24 (m, 2H, CF,CHy), 2.67 (m, 4H, CH,S and CFCH.CF>),
3.07 (m, 2H, SCHy), 3.29 (m, 2H, NHCH,), 3.58 (m, 2H, SCH,CH,NH),
3.74 (m, 6H, OCH,), 5.42 (m, 1H, NHCH,), 5.74 (m, 1H, CHoNH).

25 2-(3,3,5,5,6,6,7,7,8,8,8-undecafluoro-octylsulfanyl)-ethyl-
ammonium chloride was made by was made by the deacylation of N-[2-
(3,3,5,5,6,6,7,7,8,8,8-udecafluoro-octylsulfanyl)-ethyl]-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



solution of one equival ent of 3-isocyanatopropyl

~t44 et-hoxysi | ane (CAS# 24801-88-5, Celest Inc,

wOoRp03s93 | e, PA 19067) dissolved in toluene, BECT/USI008/085109
The m xture vvas stirred at anbient tenperature for one
our nt was r ved under vacuum rovi.d
* e L S e S IR R T Withesligeey OE for
0. §hours. Zht p%@b%ofﬂhelr%aﬁhon%s rﬁbﬁﬁoredlné@a(sm 2H,
CH2CH28|?, 2.3 (m 2H, 2_3_7 (m 2H, SCH2)
2. GbrgmatographgH?2 625(3685(55.6,6 . ,8|,\$-,|@1-mdecaﬁu@p thylsglffanyl)

5. GV AR Ripte e ol gfhiate /i Brisgepivg a

5 18vélafiles lﬁd%@k@duoed%egslﬁr‘éx CH2CH2Si ), 23.9 (s, CHY),
32.3 (m CF2CH2) , 33.4 (s, SCH2) , 400(3 NHCH2) ,

42.9 ( SN—%&%‘E 5, é% 77 @88 s%é%laﬂuo@éctyls&ﬁanwbt

and CF3) anpl e hesis o ur ea
f | tqsme.mldem@q madmbnyzrewmg 13, 6&&1&7 a&&éjundegaﬂmro-

th db t t
{ ePreRE LG VR AV AVRERE o Y T §S§| D A o foats
ith fl
(5 e T S eaRh G caTliOS Priabes o s masie as

10 et f&flbmém[ﬂ’)ﬁdségm@%_'éﬁ 'd@ﬁass‘"ﬁrnCiﬁleéét%‘f’eCW 1 téa% g)ja‘(Pééﬁ_tIQ)’Wvﬁg

2) 2daxd a:rsomiloocqil?ﬁcHz 22 3,34i4, @@l-umqés:aﬂuproeﬁ@dwoctane (1

R EEEADT T3 e il tabiiut ihs {78 bt Bbftr S0l
2- TRe IHF @ab, rémbv@d&n%e&émaérb!d%r@ Ome/b@tilleft@ﬂWe)srd@e

t hyl ammoni um chl ori d éﬂ ne equi val ent) and
3- wgém\taqomdmthaml ik il Inael»ape Hreateslwita lhydrgchloric
15 | RoRRHS 4Rt ter T loid Bfeoath Webdnefoetiyseidr was

st added tatheo®ixd@el @,53@ 6IM0)8,8,Fhamdeechilento-veane-enthie dvas
under vacuum and the pasty residue s triturated with

a e9llactedtagthe fyuerons b&t,tgp i2yshand purified via distillation.

Example 4 — Synthesis of urea fluorosilane 1-[2-(3,3,4 ,4-tetrafluoro-4-

heptafluoropropyloxy-butylsulfanyl)-ethyl]-3-(triethoxysilyl-propyl)-urea
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-tetrafluoro-4-heptafluoropropyloxy-
butylsulfanyl)-ethylamine, as depicted by the following:

25 (CH3CH2—O—)3Si—(CH2)3—N=C=O + H2N—(CH2)2—S—(CH2)2—C2F4OC3F9 —
(CH3CH2—0-)3Si~(CH2)s—NH-C(O)~NH—(CH2)—~S—(CHa),— CoF 40C3Fo.

An equivalent of 2-(3,3,4,4-tetrafluoro-4-heptafluoropropyloxy-
butylsulfanyl)-ethylamine was added dropwise to a solution of one
equivalent of 3-isocyanatopropy! triethoxysilane. The reaction

30 temperature rose to 65 °C due to the occurring exotherm. The reaction
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(1:2) and filtered. The filtrate was dried under
~keduced-pressure to furnish the desired silane in
W@ eman7Ises i ve yield as an anber oil. 1H NVR ( OBOI/B$2008/085109
0.56 (m 2H, CH2Si), 1.13 (t, 9H, CH3) , 1.52 (m 2H,

anm@ﬂ@&@ggred@ é%mn%@%%our o EFSS’V th%:geswed

N"Ql’é%)easﬁn%%kﬁéﬂoﬂ&h‘qu%ﬁt‘%@b@%ld .74 (m 6H ocH2)
5.42 (m 1H, NHCH2) 4 (m 1H CHZNH).

2- | |
5@#&@&'&”?&%@? @&82*5* ép'ggé AL DA L
de@WCﬁzsanm (,[ZH, CF,CHy), 2.71 (m, 2H, SCH,), 2.75 (m, 2H,

3 5 7.7, -udegcaf | ugr.o-pct vyl s nyl)) -

5 | CPshai adna2h Bt Seflmnth ceBaN ot Bodi 6, B,
chqu(rpl,qa ﬁ-(p|Nl|t-|C(p-B) (§77gmvv/1% oOH MM)er, five to six-fold
nol ar excess) was ad to a sol ut| on of one
equi val ent of Amide Internediate #3 in ethanol at 0 C
The reaction m xture was allowed to warmto anbi ent
te I [ t
t ol e EnuHe SertihaRaBlopdaRy BifiGerplide 2@ Fia eBgnlpRn-

70h€ptbﬂﬂofi>dmpyl§xy Ebt@flsmﬂfelylmhybémtdwagmd@iﬂomaﬁe acid
noni tored via

hy. Th
10 5. @@tayzgdsﬂe@calavov BB AL T dopsbyarpBon
o1 R oA e BT R B P b Pral Bl g™

pr éssm,netetraﬂuoro 4-heptafluoropropyloxy-butane-1 thlol with N-

/V-l% 3,3,5,56,6,7,7,8, 8, 8-udecaf |l uoro-octyl sul fanyl
M@r]marp@,emm de was made by reacting

,3,5,5,6,6,7,7,8,8,8-undecafl uorooctane- 1 -thiol with

/ VExalmmIeam—dSvnthess of urea fluorosilane 3,3,4,4,5,5,6,6,7,7,8,8,8-

15 r3m NS
,( : —undeca uoro- -|oooctane( 1
eqﬂ%@b?l%?qséllﬁggwsas %hzh ?é(;ﬂr’%o 9“5(]'*? r?étb uceg,ated

pr sitee (éi—lsahy&ardatepnolpb/hﬂriied’roxyemm)e/vnh an amine termlnated
fluoroalkyl, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octane-1-sulfonic acid (3-
20 amino-propyl)-N-methyl-amide, as depicted by the following:

(CH3CH2—O—)3Si—(CH2)3—N=C=O + H2N—(CH2)3—N(CH3)-S(O)2—(CH2)2—
CeF13 —

(CH3CH2—0-)3Si—(CH2)s—NH-C(O)-NH—(CH2)3—N(CH3)-S(O)2—(CHz)2—
CeF13.

25 In accord to Laduron, F. etal. 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 reflux under nitrogen until no more water (15 mL, 0.83 mol) was produced

16



was di ssolved in nethanol (25 nL/0.1 nol) and treated
~wWAhdndrochloric acid (37 W% in water, three fold
wWe@ess¥9s Addi tional degassed water was added PCI/UBI08/085109
m xture.

o oft BLe Tt amind (G15RECE BumeD bk St oo Juft SGRtion of

V' &edkéﬁhlhbatﬂh‘énrnle%@rmé§céoled% it 48 S A%oRienE sBfution of
fluorosilane 1-[2-(3,3,4.4-tetrafl uoro-4-

het3st Hiod 6P, 6 S@x&mﬂﬁoyﬂgonoroatgnw Aeauifpnylcloridei (828 dxg of

T actouh SREbRLS £ nie, O YRR Bie pob Al R
5 t eDmPr@at 8¢ Csipseore TV Bi 670 ayandearideeyl droplveibs e e flagie)
with an amne term nated fl uoroal kyl

2- ffenstirringar » AratyepoL empesatyre aaﬂmaﬁﬁm@a@} bheuy psaP 1 C

(i PEHIsR A8 SR RRuHS Solinfs By ey tlepidrom e
NEDERAC A O (U Lo i
2- PESPENG %é‘{%tﬁ'f ﬁi@%fhaH@gr%r%paa%@%ﬂp{b)@yngm|r%iesiurre
10 aNYab he%&&rem " YRPIRMRIHSRAS Lol i fbE)! iR

one equi Vv 3-1 socyanat opr opyl| | ef i ane.
Theeredistill et offemder agdircedrprsesure @Bovidglihe arode free primary

S RS B P LA R AR e
?I B,@E‘&A?&&@%#WOSVS @tﬂ.dec%f|gaﬁﬁé¢tbﬁél1\(z§uﬁ6rﬁé acudl(;aLd\JPvﬁo
1. B@p(y mQH‘M @9@@42849% vielgd120mg, Oi41 opPam) a,malting point of

15 (':@5% [ﬁ%‘ﬂﬁ%R (‘%QD@?? (@%@) 29?@) ﬁ?éim BBC@ZCHZNHZ)

5. Q@3((rm 2, CINJ@*Q 2 795(n172H rNCFHECHg'@"M) (s, B NOHEE3.17
term nated fluoro this exanpl e

2- (18, %H4Chb§Q2Naf3 a%r(BSL ZH NCHz)]

hept af | uor opr opyl oxy- butyl sul fanyl ) - et hyl am ne was

made f r Ometensivaient ofad, aldy%.ed, @@a%Y/ISa&S Betride¢afluoro-octane-1-

L bt i to ot oYkt fide! 818828 XyPut !

20 tetrahydrofuran (THF) was added dropwise to a solution of one equivalent
of 3-isocyanatopropyl triethoxysilane 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 quantitative yield.

25 "H NMR (CDCls): 0.63 (m, 2H, CH,Si), 1.21 (t, 9H, CHs), 1.59 (m, 2H,
CH2CH,Si), 1.78 (m, 2H, CH,CH,NCH3), 2.59 (m, 2H, CF,CH,), 2.88 (s,
3H, NCHs3), 3.16 (m, 4H, CH,NH and CH»S05), 3.24 (m, 4H, NHCH, and
CH3NCH,), 3.82 (m, 6H, OCHy,).

30
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ethyl]-formam de which in turn was nmade by reacting
~13y-3,4hA4-tetrafl uoro-4-heptafl uoropropyl oxy-but ane-1
WO 2090073598 t h Nvi nyl f or mam de. Exanple 5 - SyntPEEUS2008/085109
urea fluorosilane 3,3,4.4.5,5/6,6,7,7,8,8, 8-

ANE 18 Sk ds
E@RAFWG)WQ grgﬁgu(f rom 06 suI fonam do am ne) A
ureéa Truorosilane was synthesized by reacti ng an
i socyanat
A c%r ang}@%&ﬁsﬁédéﬁxﬁs %?nﬂh%%%@tflg{jﬁé%

triethoxysi amne“term na oaI kyl ,

3, Bpdydndie Gedni6atedrsiang, (8- |S®¢ymmwpropyldrlem_msﬂahe) with a
sul foni c. aci

5 eBHISRITIE) AGRIF i 33‘1# 5 5b Bl B ebad ddfbsgorarte 1-
2) Sabbrfic & (H&Ndr%x& )Nﬁ@fl’\ hnﬁﬁ@}c&nh@%lgﬂy?avallable from
(GHBCGHR- O°) Rl

3) DgPoppag E@&AE C@ﬂé’é‘c alcehpb lméh.ﬁmrcﬂsence oéta czatalysbr g.
P . . e 1 k (5
ool R e Eterag 1 Jufo & %%waé%c%%fn i
h i Xt u he L/ t hyl
R e ErsRoCT0 O 83 ol . 85,2 g mol) and
MBK( 230 m to in- S|tu?enerate L/-(1
10 SHQ‘r@Hﬁiﬂl‘ V'IB)‘(%Qéa—-(pWZrTQ@ﬁyﬁl—propane 1
,3-diam ne. The m xture was heated to reflux under
m tCldgfelr 1At JoBithe Habar- B Hvk (61— O+ b ) (G S8-HD )—fal 2) -~
|lzlced(6 h). Triethyl amne (92 m _, 0.9 nol) was
ad 8d"%t o the MBK solution of the ketimine. The

t of
A GAR SR o'l Sisdovielipoen SithaRihBhe and
nys gy Q%,Q,@,é 5??9,8,%,&trﬂfec%ﬂJQrd%%aﬁ@HU&ulﬂihlc 8¢ia- Fgﬁ H/droxy-

active iIngre |ent . . Avail from DuPont™ as

15 capthybrivet aarum?)aa/wgll aﬁ&ﬂ%aq@wamntqoowlb@tyltm dilpuirate

an Rt AL s TEPHEG 20 T Rl B T G W el

f I Uh@éradacu@ﬁdtd PRV therdesiredrsiaheme\vetaimbenl .he
filtrate under reduced pressure. The off- V\,hlte solid

D T IR GigE Ora . RCERS ) Atdh OF, CPhe)e 155 (m, 2H,

CH2CH,Si), 2.55 (m, 2H, CF2CH>), 2.91 (s, 3H, NCHs3), 3.10 (m, 4H,
20  CH,NH and CH,S0,), 3.41 (m, 2H, CHsNCH,), 3.73 (m, 6H, OCH.,), 4.15
(m, 2H, CH,0CO), 5.03 (s, br, 1H, NH).

3C NMR (CDCls): 7.8 (s, CH2Si), 18.3 (s, CH2CHs), 23.3 (s, CH2CH.Si),
26.4 (m, CF,CHy), 35.1 (s, NCHs3), 42.5 (s, CH3sNCH,), 43.6 (s, NHCH)),

25 494 (s, CH;S0y), 58.6 (s, OCHy), 61.8 (s, CH,OCO), 106 — 122 (m, CF;
and CF3), 156.0 (s, CO).
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was heated to 65 C until the hydrolysis was conpl eted
~1(L0).~-Sel vents were distilled off under reduced
WQer@sstases provi ding the crude free primary amn PEI/US2008/085109

Recrystal lization from2:1 mxtures of ether and

to uene f

3’ S I

fo

p0| n
ﬁ.o_cu:mug@ 3 Rz Hester 1 76 (m 2H,

CH2CH2NH2) , 2.63 (m 2H, CF2CH2) , 2.79 (m 2H,
NCH3CH2A garRardatg ByordsilandOhas synthesizedmy rdcti@HasO2N) ,

3.33 2H .. O i I t of . ) )
53 Bogy b eE garosiang (@ snnEiaRiaP Y Hethanusians) ik

C %IT&MU@'HI&&TO‘P@B ,4,5',‘5,6,‘3,7‘,?',8 818 fi8ecalfrBloteshd-A-
t et rahydr of ur an was added dropwi se to a sol ution

of S@f@l@qgld\,(afwow-emyi)sammnm tbprprggzence of a catalyst
I THE. at t
wal PR BEe) e BrigitaR oM A BT SR ERE v
0C f ddi t | h Th
F@%@Mﬂ@%éh&é&». NS00 t o provide the desi red
S|Iane as an off-white solid in quantitative yield. 1H
10 Nwﬂq-c(ﬁdzkz)-HN-@(@ézv((ﬁ\Hzizﬁ soH2st), 1.21 (t, 9H, CH3)
1.59 (m 2H, CH2CH28| 1. 78é 2H, CH2CH2I\ICH3%,
2. @H((ﬁh"z—@'l-)s@Fi@Hz)s— HZ'@@)(‘ —~(GlHR)NINSH(0) 3G B2 )t 13

4H, CH2NH and CH2SO®2) , 3.24 (m 4H, NHCH2 and
CH3NCH2)\n eqBu\&Rerftraf e@ldh BBy anaicpmppyd tidethorpsilaasstne

ol SorERE Btce ahere Tites G GriBnGa S i Be A ROy
r eé%/l)fbgn@’é (irﬁ@@o@aaﬁ@e M:th rBrﬂ@her-datéhi @Bq 298291A hereby

(3-isocyanat opropyl triethoxysil ane)
15 su|n(cormfam§l Ry dence), as well as 0.02 equwalents of dibutyltin

St wBreaaled el i, TR B SOl 08 T8 sofen Was

avaem@\técﬁuﬁdmdawaﬁnto mvE@%E/t@(srr)ad Kh5Ae akchainbef Bil.

the presence of a catal yst

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

CH2S0,), 3.36 (m, 2H, HNCH,), 3.77 (m, 6H, OCHy), 4.15 (m, 2H,

CH20CO0), 5.20 (s, br, 1H, CONH), 5.58 (s, br, 1H, SO-NH).

3C NMR (CDCls): 6.6 (s, CH,Si), 17.4 (s, CH,CHs), 22.3 (s, CH,CH,Si),

25 24.9 (m, CF2CHy), 42.5 (s, SO2NCHy), 43.3 (s, NHCHy), 45.4 (s, CH2S05),
57.5 (s, OCHy), 62.7 (s, CH,OCO), 106 — 122 (m, CF; and CF3), 155.5 (s,
CO).
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~a

(dibutyltin dilaurate) according to the follow ng
reactH-0n schene: (CI—BCHZ-O)SSi -(CH 2)3-N=C=0 + HO (CH

WQ@DIM(IEHS 3) - S(O) 2- (CH 2) 2- CBF13 ( CH3CH2- O ) PGBUSI0@NS5109

10

15

20

25

2)3-NHC(O)- O (CH 2) 2- (CH 3)N-S(O) 2- (CH 2)2- An

-tﬁ@ﬂh@x GiviLokcy y@a"reémﬂi 5&8)1— muwts 59@'6d7e7 e e |
equi valents o ( aurate were

R orecivi)-1iHh[1T21B8]-Hiazs ; gster The sol vent
was rermved under vacuumto prow de the desired sil ane
as an aAtmrbainhte flldribineCBES 3ynthe8izZed ymeaRtihg 6R2Si ) ,

R e e
anglc@h@ﬁ%mat@d fHaszB [?-g%of;tﬁ '3%!%),6 7 738 @33 frlaecﬁfrhoro-
1301:1MM:1 FH:DQ;I Iazo|74-8/|](rﬁeth6HQS|lr) thelareseoge otawamyst

ZS@blgty |Q%_%%%_é9corg j}@ %qbggﬁ%ﬁ%dtloﬁ S’f’e NCH3)

CH2S2) , 58.6 (s, : 8 (s, C}QCII» 106 -
122 (n1 CF2 and CF3) , 156 O (s CO . Exanple 7 -
mate flugrosilane froma sul fonam do al cohol, [ 3-
(tf@'é%@d?(;@ﬂ@l—)(cb\@bpﬂﬂl—ﬁ‘@r Bam ¢ acid
2-(3,3,4,4,5,5,6, 6, 7 7 8,8,8- tridecafluoro-octane-1
-sulfon l am Vbth er A carbamate fluorosil ane
§H¥ ze Bng an isocyanate term nated
S|Iane (3- |Ne£NanatopropyI triethoxysilane) with a
sul f onani do al cohol -
3,3,4,4,5,5,6,6,7,7,8, 8, 8-thdecaf | ugko-octane-1 -
SUKCBIGTEL 40-) i{(@H) . INEXR(EE DYCH—arAde, N-r(CHS), B £sence
of a catalyéi (dibutyltin di | auf at cordlng %0 1 he
foll ow reaction schene: (CH3CH2- C)) ~(CH 2) 3- N=C=0 +

An equivalent of each, 3-isocyanatopropyl triethoxysilane and [1-
(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-octyl)-1H-[1,2,3]triazol-4-yl]-
methanol (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 50 °C for 5 h. The solvent was removed under vacuum to

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

"H NMR (CDCls): 0.57 (m, 2H, CHSi), 1.17 (t, 9H, CHs), 1.58 (m, 2H,
CH,CH,Si), 2.78 (m, 2H, CF,CH,), 3.12 (m, 2H, CH,NH), 4.63 (m, 2H,
CH2CH:2N), 5.05 (s, br, 1H, CONH), 5.15 (s, 2H, CH;0CO), 7.66 (NCH).

3C NMR (CDCls): 7.9 (s, CH2Si), 18.4 (s, CH2CHs), 23.5 (s, CH2CH.S),
32.0 (m, CF,CHy), 42.4 (s, CH.N), 43.7 (s, NHCH,), 57.5 (s, CH,OCO),
58.7 (s, OCH.), 108 — 118 (m, CF and CF3), 124.5 (s, CHN), 144 4 (s,
CN), 156.5 (s, CO).
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~a

HO (CH 2)2-HN-S(O) 2- (CH 2)2- C6F13 (CH3CH2- O-) 3Si - (CH
2)-3-NC(0) - O (CH 2) 2- HN-S(O) 2- (CH 2) 2- G6F 13 An

weowovasent of each, 3-isocyanatopropyl tri et hPXEER10881€85109

5

10

15

20

25

and 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uoro-octane-1
-sul fonic acid (2-hydroxyethyl)- am de (in accordance
with British Patent GB1 298291A hereby incorporated by

refer ence as well as 0.02 equivalents of dibutyltin
meGabamaigddonogilane from kT rEealephatdodinorens-2-

&
] hl&%éﬁ@ﬂh&?@rmﬂ?ﬁecﬁ %gﬁq\'eeﬁje hiefloNfivBhe BaRIdE] (30

tri ilyldordpylj-tarb@irhic 3,3,4,469.7(88,12H1,12,12.12-
CH2CH28|), 2.60 (m 2H CF2CH2) , 3.12 (m 2H CH2NH),
3. luorg-d tert 3.36 (m 2H, HNCH2) , 3.77 (m

6H, OCH2) , 4.15 (m 2H, CH20CO), 5.20 (s, br, 1H,

CONH), 5.58 (s, br, 1H, SO2NH). 13C NMR (CDCI3) : 6.6

(s, CH2Si), 17.4 (s, CH2CH3) , 22.3 (s, CH2CH2Si),

2 4(QH{G - €I CHo 82N 0= - SORIREHDH,)248F3)2l:sF NHCH?)
45.4 (s, CH2S®R) , 57.5 (s, OCH2) , 62.7 (s,

CHITID H ,-X06)S -1 B, o NHSEA }AO—TED) )~ (T B-E S

CO . Exanple 8 - carbamate fluorosilane froman al cohol
te(im-pted triazole,
r2-(triethoxysilyl-propyll-carbamc acid
1-(3,3,4,4,5,5,6,6,7,7,8,8,8- tridecafluoro-octyl)-1
H-[l 2 ,31-triazol-4-yl methyl ester A carbamate

1 URSIdrAgs P, i%’?;*i :%2%('1: )4/ glﬂ afé(’) u 2 ggct{r.aesa b%%‘c‘%%ﬁ ﬁt1eo|

term nated si triethoxysilane)
Wi {dveaage owihedulareweighboB40.0igmol,£5.0 g, 61.0 mmol), 3-

h P%cy@ﬁé?twa@&r'eﬁwrf"ar@? uB6: 6T e el bicorige
Caf@fg%ﬁ@ 4 A )H éhﬁyo%ugwﬂBréa]zrné%ﬁ?%%d”t%_lfé?oﬁ@)ewas heated

reacti n schene:
( CeBEHRX tenPSIratEHRy 3-NHT B¢ SphvenCiag-reromed @Hvacuo to furnrsh

2 Eﬁ%l:t?ﬂ?e silane in quantitative yield as a light yellow oil.

"H NMR (CDCl3): 0.64 (m, 2H, CHSi), 1.22 (t, 9H, CHs), 1.63 (m, 2H,
CH,CH,Si), 2.33 (m, 10H, CF>CHy), 3.18 (m, 2H, CH.NH), 3.82 (g, 6H,
OCHa), 4.34 (m, 2H, CH,OCO), 5.08 (s, br, 1H, NH).

HO-[(CH2)—(CF.).]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.

Example 10 — carbamate fluorosilane from C4-VDF-alcohol {3-(4,4 .4-

triethoxysilyl-propvyl)-carbamic acid-3,3,5,5,6,6,7.,7.,8,8,8-undecafluoro-
octyl ester}

(CH3CH2—O—)3Si—(CH2)3—N=C=O + HO—(CHz)z—CFz—CHz—C4F9 —
(CH3CH2—0-)3Si—(CH32)3—NH-C(O)-O—(CHz)2—CF2—CH2—C4F9
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N=N An equi val ent of each, 3-isocyanatopropyl

~t4d4 et-hoxysilane and [1- ( SSdd

wa@l2apfotsesnf | uor o-octyO 1 H-ti . Sltriazol ~-yl | PCT/US2008/085109
met hanol (E. J. Acosta et al., US Patent Application
US2007066762A1 , 2007) as well as 0.02 equival ents of
dibutyltin dilaurate were allowed to react in THF at
50 0C for, 5 h. The solvent was renov d0 under vacuumto

pr BV1GR MiKeirei 88 Bt Ooh.p b Beth B aimdgrBlorgractany 1-ol (200 g,
BT Aldi)End BsdeyahaabRon i Rietfibasidng (19.71g. 52:.q mmol.
2. Was (heateaHo @Faegz). roB trichignde GHNMgCENHINO! M dB3olver in
2 . D, br, CONH) , 15 . 2H,

5 oy B e sctivih etng k) WeBcadsled. Hgraektiofy b )
18te‘én}_é@ratm§é'2r§h‘?édiateg@§réa%ed GHACHE Shkter B Exdthérm ceased,
CF2CH?) , 42.4 (s, N 437 (s NHGR) 875 (5
CHheaepctien nixiuss wasHBated k85 ~C1es3 (m A OBgativrlisOFganate

2 fes? nion €8 b mellin of Berstiasrein ifrs b afR8Rh Yaduo

(atd queritRatively yieydlthexitrt dothpd@idragahefmber oil.

et hyl ene-tetrafl uoroethyl ene co-pol yner) {3-
10 (4. 4. 4-triethoxysilyl-prOPyl)-carbam c acid-

3.3.4.4.7.7.8.8.1 1.1 1.12.12.12-

by YRR COCLE DR, 59 GRS ST E LERL 8Y (m. 21,
3SCHCH,8))32194- (@ QH CF {CHb)22 34((@F, 2), A FCH-GFp)~3.3p (A, 2H,

s SOH:NE Sl 6P 4 2B, b 5 de G 20 g, or. 1H. NH).

wei ght of 420.0 g/nmol, 25.0 g, 6 1.0 nmol ), 3-
i socyanat o- propyl -tri ethoxysilane (15.1 g, 6 1.0 nmol)
and iron trichloride 2.4 mol ) in anhydrous

4 ny,
15 M B@-((Gkbhy@ﬁzs@b'uf@héd(‘dﬁaﬁﬁmthﬁégeﬁeﬁlc@tﬂiag te £1 93946009,
te f . The solvent was renoved in vacuo
t CREATHEICY RS, 1878

Example 11 - thiolcarbamate fluorosilane [(3-(triethoxysilyl-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-perfluorooctyl-1-
thiol) in the presence of a catalyst (dibutyltin dilaurate) according to the

follow reaction scheme:

25 (CH3CH2—O—)3Si—(CH2)3—N=C=O + HS—(CHZ)Z—C6F13 —
(CH3CH2—0-)3Si—(CH2)s=~NH-C(O)~S—(CH2)>~C6F 1.

An equivalent of each, isocyanatopropyl triethoxysilane, and
1H,1H,2H,2H-perfluorooctyl-1-thiol (CAS# 34451-26-8), as well as 0.02
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the title silane in quantitative yield as a |ight
~yellowoil. 1HNWR (CDCI3) : 0.64 (m 2H, CH2Si), 1.22
W@ 20090H59CH3) , 1.63 (m 2H, CH2CH2Si ), 2.33 (PGT/LS1408/085109

CF2CH2) , 3.18 (m 2H, CH2NH) 3 82 (g, 6H, OCH2) |,

3, Saitlesf bt bERL Ao ks hated K o Nite Gy
f orsb?utyn kbtoRe) FHERt TRRRIJIVeH! vass didtiliceludet VidicLigsh @n

2008, "hereby incorporated by reference.
Exade;a the desirgdtsilgne@staniambsr bine f r om
C4- VDF- al cohol | 3-(4, 4, 4-
triethoxysilyl-propyl)-carbamc
acid-3,3,5,5,6,6,7,7,8, 8, 8-undecaf | uorooctyl ester)

5 ( CHR CHARQCD A : 0(62-(rﬁ)2—|1\682—9)+1 |2|Q £, @Hi ZClﬂg)CH"- 6’5(@1'] ZH,
CAE9 é@!& 3Si C% CH 2)2-CF 2- CH
2. Chh S,t)egt44n(?rr9( é‘SI&CHz) 308 (m, 2H, CHZS) 3.29 (m, 2H,
3, 8 f 0 tan-i-ol (20.0 g,

?@Nﬁﬁmpﬁ (én%HiBO?)sl_? ﬁ%iﬁ% t%orlrjgﬁy t'ri et hoxysi | ane
(15 1 g, 61.0 mol,) was heated to 60 deg C. Iron
trichloride (4 ny, 2.4 nmol ), dissolved in MBK
(et pbut

r e

ANl = AR ragiid
10 Af {tﬁéthbklﬁ&@%‘-_@ :CEQI Eﬁhm@éjmld 5@d @@3,‘5‘3‘, ,6,'5,7(,7% ,8,8\A'a3
heat e negati1ve |socyanate test
mkzl@%ﬁkﬁL&z@ﬁﬂéﬁﬁi@lof the reaction. The nmixture was

dried in vacuo to quantitatively yield the title
conpouni thmlcambamiate flodrosildne WER siybesRed: b}Or.d"&n@tinman

oAb it b
%3%@@%6 7 738 83- l(lmjec?dﬂuo%'(‘-'%“éhe ﬁtﬁ@l) (rﬂsheﬁﬁes%@bf a

15 2) ga Siz(dﬂpulzltlnccmaglra\t@é asgordingstoAbe f@IMr@ﬁqi@nt&@heme
US3916009, CI BA- GEI GY AG 1975. Exanple 11 -
t hi ol carbamate fl uorosil ane
[(3-(triethoxysilyl-propyl)-
(CH3CH2—O—)3Si—(CH2)3—N=C=O + HS—(CHz)z—CFzCH2C4F9 —

(CH3CH2>—0-)3Si—(CH2)s—NH-C(O)-S—(CH>)>—CF2CH2C4Fo.

An equivalent of each, isocyanatopropyl 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 (CDCly): 0.63 (m, 2H, CH,Si), 1.24 (t, 9H, CHs), 1.67 (m, 2H,
25  CH,CH.Si), 2.34 (m, 2H, CF,CH,), 2.74 (m, 2H, CF2CH,CF>), 3.06 (m, 2H,
CH,S), 3.32 (m, 2H, NCH2), 3.84 (g, 6H, OCH,), 5.93 (s, br, 1H, NH).
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t hi ocar bam c aci d
~SA3-~%h4,4,55,6,6,7,7,8,8,8-tridecafl uoro-octyl)
W@2108/0735%5 t hi ol car bamat e fl uorosil ane was synt PEFUEMA8/085109
by reacting an isocyanate (3 |socyanatopropyl
1

X & I 7.7.8.88
c air@ebﬁfluér@%&l&l%bﬁ’ér_‘iyl @l'rélééiflﬂg :?-}rlétﬁéggsfﬂypgrgag nb! :e
folTow reactron ScChenmne: - N=C=0
+ HS- -
2) 5 no+ G C Lol SRR e ST Ties e by regpting 2
i ssogparte mﬁomdyahatmowyseﬂhQNﬁlIaae@iV\UIH dlsulfonamide
H, H- I I St 3 1 26-
5 vefd 325 BB B Fob B ST AT BSEIAE - 3 PAGARE Aide) in the

hepheadnbe of afdataty b oML BYfi6 Bblieke) é&i@ws.ug & Bl fMmbwf Raction

. The solvent was distilled under vacUumto provide
t hechrBer ed sil ane as an anber oil. 1H NVR (CDCl3) :
0.62 (m 2H, CH2Si), 1.22 (t, 9H, CH3) , 1.65 (m 2H,

CHALHECIH ) 0-2)38#4-( Chp )s2N=0B2 GHN H2—SF Q) 8-( O 2) 2286 F (H2S) |
3.29 (m 2H, CH2N), 3.81 (g, 6H, OCH2) , 5.91 (s, br,

1HC N H-E>-a38|-¢CHR)s—NHHGO) aN bSO, CHR).08kF ane from
CA VDF thiol [3- (triethoxysilyl-propyDthiocarbamc

10 aci d S- A3THF sofutibn ©f 6né- ﬁ%a‘-’rentﬁ@%@&%ﬁﬁt@ prRpiyY! )

esteri A thiol carbanate uor osi | ane was s%nt hési zed

bytrieth@tyisianaang oneyemuaralentfi%34yhhd66:0)8.8.8-
( Sliea¥ G Ehe o i il arvids (52801 10%:0908F, pyepares

t heceurapgoe dBowvet at al. yYSE2002460A1 t1970t)ila|naL062 @huwalents
accord| %to the foll ow reaction schene:

ssP @ redifgrate wasistiresiap 65 °@ﬁ02@n@@a¢:geqq§qg@i@o o)

s SR 0ecel B AT Gl By,

andor$d|30r55)5 , Ihebsalvent8yas fbmmmtarﬁdieroramuom tongro¥idet theol

21
( ngswedggllanaesasmgn offwhite solid (Mp 78 °C).

'H NMR (MeOH-d,): 0.62 (m, 2H, CHSi), 1.18 (t, 9H, CHs), 1.57 (m, 2H,
CH,CH,Si), 2.72 (m, 2H, CF,CHy), 3.07 (m, 2H, CH2N), 3.34 (m, 2H,
20 CH)S), 3.61 (q, 6H, OCHy), Urea-NH not detected.

Example 14 - synthesis of formyl urea fluorosilane {1-[2-
(3,3,4,4,5,5,6,6.7.,7,8,8.8-tridecafluoro-octylsulfanyl)-ethyl]-3-(triethoxysilyl-
propyl)-12(N)-formyl-urea}

25 A formyl urea fluorosilane was synthesized by reacting an
isocyanate terminated silane (3-isocyanatopropy! triethoxysilane) with an
N-vinylformamide fluoroalkyl {N-[2-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-
octylsulfanyl)-ethyl]-formamide, in the presence of a catalyst (dibutyltin
dilaurate) according to the following reaction scheme:
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0.02 equivalents of dibutyltin dilaurate were heated
~ad~ GG for 12h to furnish the desired silane as an
w@pien733p3 in quantitative yield. 1H NVR ( CDCl BOT/USDOS®5109
(m 2H, CH28| , 1.24 (t 9H CH3) , 1.67 (m 2H,

02) é‘é@ﬁ](z ) ’ 3.2'3;4( Enm 2E|H NCHR) |
BT oL g o e

[3,3,4,4,5,5/6,6,7,7
(@@@Htm@rbsdeﬂzkwNW(Q)rﬂ[Q(@)H] ~(CH2)2-S~(CH;)~CeF 13
L/ (3-triethoxysilyl-propanel A N-sulfone urea

f | uor osAl e (tetrahggrofirasi) selitiby of eaetdquiyadentiafGeyanat e
gas:ogﬁ%rﬁq%gg}o(?& %%thf}yrshaeaeh g)r% S(’)lnleaenqeLPvaIent ofa}v [2-
5, (3 84, E 5688788 BLtﬁGéééﬂub?me%ﬂélﬂ%yﬂ) etBy f&meﬁmde and

aci d_ani e) in the presence of a catal st di but t|n
di D&Xr%ﬂlé\)a@@'@&fdilbtﬁy'lﬂﬁ dilperate vwasystir °@Q doredrh; The

R e R R R G A

2) 2mBeFoll3 A THF sol uti on of one equival ent of
3-isocyanat opropyl triethoxysilane and one equi val ent

f1 7 t
105 R 059 6. o/ ) g Ong e

ac@b‘bGHH:@)t 3.37. (nBath e F£EHA) 2. GSGEZ()%?,A@H GH293@2 @and2H,

O CEGRRIOELE o BR8P uED 1 11

theQwe of the catal yst under the sane reaction
conditions). The solvent was renoved under vacuumto

d
%0\6'(: el\ﬁ[%e(Nd@&W 54 @6,7@7)"‘,8 ,318- tﬁd‘eﬁfmombb%%hﬂ}‘l)feml]

15 (tformamlq»m\)hlch was‘,m@d@ byrea g 4.5, @67627 (7;8 8B,
CF O 2K
(ot dsepmigsah et rorialfes iy yoligs wé™
Symrhwe@u@cﬂerfr@dwéd presute wofupsishang2-{3,3(424,5,5,6,6,7,7,8,8,8-
tridecafluoro-octylsulfanyl)-ethyl]-formamide as an off-white solid.

20 3,3,4,4,5,5,6,6,7,7,8,8,8-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 methanol (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

collected quantitatively as the fluorous bottom layer.

30
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~dhd~ee.y.y.d.d. d-tridecafl uoro-octyl sul fanvn-ethyl | -
w@o090zshoxysi | yl propyl )- 1 2(L/)-fornyl - ur ea} PEI/U82008/085109
urea fluorosilane was synthesized by reacting an
I socyanate term nated silane (3-isocyanatopropyl
triethoxysilane) with an N-vinylfornmam de fl uoroal kyl
2-?3,3,4h4,5,5,6,6, 8, 8-tridecafl uorooctyl su
Y e ol e "i.'.g.a I ELES - A 1€} l' “?'; of a
catal yst (dibutyltin dilaurate)

. . codi n4g to the
f ol | dWiheetheasuc@rarsitnrei@ fluorsdepe $38i4.¢ &P 8)B7 [EH8 G-

<R g el T L P ) DrpiEsf By Briccid () &
5 A THB,34 15, 8/6/6l7 0, 8/88 ridedlatiib@roctisarian gk (Bairietioxysilyl-

3- isocyanatopropyl triethoxysilane and one equi val ent
of PiAYH=succinamic dcid (B)} was made by reacting an amine terminated

3. ’ , 1 8= 1\l : QF.Ox
T
di flaonoatkey! {@8:63,314i4,6656 H,7,8B,88-tFidecaUnro oty lsufamyhtdihydro-

was re ed under vacuumtao provide the desired sil ane
s WA 2Bl [Eccaiding 2 tnerelaying ragHon sehesme: orpsi )
1.15 (t, 9H, CH3) , 1.66 (m 2H CH2CH2Si), 2.31 (m
2H, CF2CH2) , 2.68 (m 4H, cH) ., 3.22 (m 2H,
CH2NCOH), 3.42 (m 2H, NHCH2) o~ g Waf s 1H, NH),
8. -, @_ (I, — + O N
10 L/ J(Fyss%ZS@Z)% 5, 5H26)>3 6N|—7|2 7,8,8,8-tridecafl uoro-octyl su
| fanyl)-ethyl]- formam de which was nade by reacting
3,3,4,4,5,5,6,6,7,7,8,8,8- tridecafl uoro-octane-1

el ek SRR LA CH-S CFRf-CoF i
1 URHBH-O 4,5 @18 BN IO B CH, THE(COOH)L S(CHa)r-CoF i

tri decafl uoro-octyl sul fanyl)-ethyl]-fornmam de as an

of (Bwhi te solid.
3,3,4,4,5,5,6,6,7,7,8,8,8-tri decaf |l uoro-oct ane-1
15 -t hi ol Waiac$uspession of 3-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-

octylsulfanyl)-dihydro-furan-2,5-dione (prepared according to US4171282

!.7! 8!
aMIG aC

A

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

"H NMR (CDCls): 0.64 (m, br, 2H, CH,Si), 1.24 (t, 9H, CH3), 1.63 (m, br,
2H, CH.CH,Si), 2.47 (m, br, 3H, CF2CH, 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,COO0), 3.52 (m, 1H, SCHCON), 3.64 (m, 1H,
CH.CONH), 3.82 (g, 6H, OCH,), 6.43 (s, br, 1H, NH), 10.65 (s, 1H,
COOH).
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made as follows. Under nitrogen thiourea ( 1 .1
~ e vakents) and 1-iodo-2- perfluorohexylethane ( 1
weoquwovalsent) were added to a degassed m xture RBPET/US2008/085109
di met hoxyet hane (DMVE, 9 parts) and water ( 1 part).

{ oz BT B, LREshs als BRECH) B LSS
dl 31id (natcese Lﬁsssive(swe%@bmwﬁ@gwaﬁ@@b 8@, @Wgs%)nm 4 and

er stirring a solution of sodium

nggdgfﬂg’r'iweﬁwd@! SCH, #bHds, SCH). a7 (2l @BHs), W8s- 118
adgedoko LAY SPANG A 170875 CONIA! £i6 Y3 ATASE (£

53, @O‘OH?_S, 5,6,6,7,7,8,8,8-tridecafl uoro-octane-1-thi ol
was collected quantitatively as the fluorous bottom

| a er Exa Ie %5 - th| ofet her such| nam c acid

mhatzld 290 5 4o [ A€ or osi | ane
{3(3344556677888-
try @g;@ﬁ&@fﬁs@%@ﬁzﬁumewlz)cm =CH,—-C rrsc?:)-o (gH )—C£F13 .

L/ - triethoxysi| pr opyl ) - succl ha aci

o1 {CHG A D28 ﬁp'y%%s Sy G g '3“'(23?}”

vvas rrade by reacting an am ne term nat ed SI I ane
(am nopropyl triethoxysilane) with a succinic
anhydr i erm ted fl.uoro

10 3 Y e e e auV aRb e AP RES GRUTaRO™ 5. di one)

?Cﬁ%ﬁﬁé%négegltd_ﬂfsﬁ@ﬂm ag efr%atwd @<5U|§§I€ﬁf§5acryl(|c CIa_|0|d

2) 3, HAE, 55,64, Tz&:@caatm;qoemw aplybaster (434 17AR7-29-6) i

(Z)ng&gtel%t %%I re %Meiﬁ?%tg@'tgﬁ o folSh IR doivahtGibs
3 Gi8tifedtoftukdér redbedd Bre%s&r@td prodRrAheuistreattwirstdif Saye

| )- di hydro-furan-2,5-dione (prepared according to
15 Usdertiepganties Bugrosiane)sbrantisalively aepe@smenall. f r eshl y
prepared in toluene, was added one equival ent of APTES
(Am nopropyl triethoxysilane, CAS# 919-30-2) dissolved
in toluene at 0 OC. The reaction mxture was stirred
at 1HMIMEN(THF-d8): 0.68 (m, 2H, CH2Si), 1.63 (m, 2H, CH>CH,Si), 2.56 (m,

br, 6H, CH,COO and NCH,), 2.70 (m, 4H, CF.CH),), 2.86 (t, 4H,
OOCCH2CH:N), 3.63 (s, 9H, OCH3), 4.48 (m, 4H, CH;00C).

20

13C NMR (THF-d8): 7.8 (s, CH,Si), 21.9 (s, CH.CH.Si), 31.8 (m, CF.CHy),
33.9 (s, CH.CO0), 49.7 (s, OCHs), 57.3 (OOCCH.CH:N), 58.0 (s, NCHy),
61.5 (s, CH;00C), 109 — 121 (m, CF; and CF3), 172.8 (s, COO).

25 Example 17 - tertiary amine fluorosilane from acrylate

(CHs—O—)gsi—(CHz)g—NHz +
2 CHy=CHx—C(O)~O—(CH3)—Ce¢F13 —

(CH3—0O-)3Si—(CH>)s—N[-(CH2),—C(O)-O—(CH3),—N(CH3)-S(O),—(CH3),—CsF 13
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tenperature for 2 hours. After renoval of all
~Vvolatdides the desired silane was obtai ned as a
w@arkRozser oil as a 2:1 m xture of the i somerBCEUNES/085109
B. 1H NWMR (CDCI3) : 0.64 (m br, 2H, CH2Si), 1.24 (t,
9H, CH3) , 1.63 (m br, 2H, CHCH2SI), 2.47 (m br,
3H, CF2CH2 and CHZCOO) 2.85 and 2.92 (2 x m 2H,
ﬁ||_|c68|_|2) Cmrgl)xg.gg(c%ﬂ?é @gﬂwqut @@mogrgpglztrl(r}ﬁ(thqwsnanez H

S g EREBY L R B e s

CB@htiH of Gerdhanhy) aﬁﬁ-lﬂ\&o)eguil/&l@t$ sf aCII'yIHCIaBDd -2-[R3. 4 (s,

9 an gl ?Lg}» (3$£4é.§ §§én7 Z%%%'ﬁ'h@cggugropgyl )dcgleﬁé)\l }_%@ i rg)?-e%hw

(Sestgpgﬁrepéﬁad”faé&)rdlﬁgﬁg)us Patent M@QQ@@W@%%grporét%% by
ant‘BerHSICS) pes adw@lel)i toatlaa’pm °(136‘or Shé¢e prcamqe ﬁm desired twin-

2 et NS e ts A Bt Dy 5. coFls (G8Ge- O)
38|-(CH 2)3-N[ - (CH 2)2-C(0)- O (CH 2)2- OBF13]2 A

solution of one equi vaI ent of APTES (Am' nopr opyl

triethoxysilane CAS# 919-30-2) and two_equival ents
10 g P NMRaCliHF- -d8): 0.67 (m 2H CH.Si), 1.63 (m, 2H, CHCH,SI), 254

(i st GO ada Rl £ TotBEA ) (OF 190 LeoTRA.
st DOGEHE0HII),fH08 B 6H,NCEIB) VR4t (mgmmgsogm 6D (m, 4H,

PR ol BRL TR el B s 41 gk 68Edine)

quantltatlvel y as an anber oil. 1H NWR (THF-d8): O0.68
(m 2H, CH2Si), 1.63 (m 2H CHZCHZSi), 2.56 (m br
6H, CH2COO and NCHZ% : (m 4H, CFZCHZ%;
15 4H130MEdR OEH>NB): 731 &Qldgsmm O(HIYH,CHS ?(7nﬁ) (mHC 2CH2)

BTk, Nl’ﬁ%)%fﬁ'ﬁggém B 4%, SRS ko AshchiReny),

504 (S OOCCHzCHzN) 50.8 (S CHZSOZ) 57.7 (S NCH2C2H4), 62.8 (S,
CH,00C), 109 — 121 (m, CF, and CF3), 172.8 (s, COO).

Example 18 - tertiary amine fluorosilane from C4 VDF acrylate

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

moieties was synthesized according to:

(CH3CH2—0-)3Si—(CH32)3—NH2 + 2 CH2=CH>—C(O)-O—(CH2)>—CF>—CH2—
CsFy —

25  (CH3CH2>-0-)3Si—(CHz)3—N[-(CH2)—C(O)-0O—(CH2)>— CF>-CH>—C4F ]2

A solution of one equivalent of APTES (Aminopropyl
triethoxysilane, CAS# 919-30-2) 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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33.9 (s, CH2COO), 49.7 (s, OCH3) , 57.3 (00OCCH 2CH2N),

~58&0sy NCH2) , 6 1.5 (s, CH200OC), 109 - 121 (m CF2

W@e@ICFBYs , 172.8 (s, COO . Exanple 17 - tertiBCHUNMSIEB5109
fluorosilane fromacrylate (CH3-O) 3Si-(CH 2)3-NH 2 +

Zc%%:&%@@x%m\z%«édgg%bs@%teﬁthanol were allowed to

2) giMit@d3c ﬁir@hz Th&lsdlént %EB%tﬂl@d\o'Fh?ﬁHéf fdRRed pressure to

equi val ent of -am nop I'O%I trimeth oxyS| ane
e

( coravideing d%ﬁlr@daﬁwlratﬂlbsl [itei@yLaxNnavivoresiameEy oni k
and two equi val ents of
ceyRnal a8 5 ORI s e d g

d-tridecafl uorooctyOi-sul fonyl am nol -ethyl ester
(prepared according to US Patent 5439998 hereby
i ncor por at ed tEIy reference

oCTHINMEL(MeORrdt 864 e »SQH@%'),tW1ﬁt(h|q?‘| Ghignd '56/(m, 2H,

u e 7
(RCHLEHRRLRAT 5, @, MOCCrEh L PR OTA 3hg NOAL ).
CH2 COGna i, ABI-IQJ)‘lzN)ZC’» 09 ((mAH G FAFRGH2), 3.6Q (SEBH tOCH),
oo%%gldz%w (s 6H, NCH3), 3.41 (m 4H, CH2SR)
, 3.63 (s, 9H, OCH3) , 4.33
(m 4H, CH2(I:O) 130 NI\/R(THF-d8): 7.7 (s, CH2Si), 2
101.6 (s, CH2CH2Si), 27.0 (m CF2CH2) , 33.7 (s, NCH3),

CH2CO0 49.7 (s, CH3 NCH2
, $@C§\?MB (W%-d@c?m\os( O56:S, (IéG(@H%@-IzSI)s‘ISﬁ (s CHs),

o3 TG T EReORE 7 i il o

f 1 NOHY, 5zaae(sfm@m2@14 mochgagmg (%‘sz]tl'EUF'z)JWI(%KDCHZ)
er an erti ar
teﬁmér(sire‘qFZ@QQe@) \ﬂé§ Syl Hosi 129 B bilHrmgCele), 173.7 (s,
15(2) 2c>C)Hgs|-((:Hz)3 NH 2 + 2 CH2=CH2-C(O) - O (CH

Example 19 - tertiary amine fluorosilane from Cs VDF acrylate

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

20
(CHsCH2—0-)sSi—(CH2)s=NHs + 2 CHy=CHy—C(O)—O—(CHy)s—CFo—CHa—
CeF13 —

(CH3CH2—0-)3Si—(CH2)3—N[—-(CH2)>—C(O)-O—(CH3)o>— CF—CH>—CsF 13]2

25 A solution of one equivalent of APTES (Aminopropyl
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-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

29



(CH3CH2-O) 3Si-(CH 2)3-N-(CH 2)2-C(O -0 (CH 2) 2-
~1GR2-.cHh2- CAFg] 2 A solution of one equival ent of APTES
W@ 20005 pyl triet hoxysil ane, CAS# 919- 30-2) BEHUS2008/085109

equivalents acrylic acid

CsipetticBuitssucd ud i vie Pt A8u b len 6] Werhtfiancamine

19ﬁl§drosﬂ‘ar¢$) alhftl%tl%liﬁé@b cer%s@'anV\Bd to stir at 60
OC for The sol vent was distilled of under reduced
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br, 4H, CI-|2I\R| 3. O4§m 4H, CEF2CH?CE2) , 3.60 (s, 9H,
ocdy (m, zbrsi ( fH2bby, 3.BddeodH, GzE 2):vee(34HH, QCH2),
(84 @O@ CH2CH2Si ), 18.7 (s, CH3) , 2 1.4
(m 6 4 (m CH2000) 37.7 (m CH2CF2CH2)

, 50.3 (s, ,575(s NCH2 CH2CO0), 58.9 (m
CF2CH2CF2) 59 4 (s, , 6 1.5 (s, CH2OOQ),

SoFC IR ok 7 & ghz%@‘mq“ﬁ@%%&ﬂ S5, (i)

10 VDB aciny,| @t SoM,AH; 88, MQVW@H%?OO)%T' 7t(@, IOHCF M) 60.8 (s,
ester and terti aré am ne tether noieties was
p

syhthbli 268 (86X bl 2ND 58 SkBCErCHCES), 5@(&—(82)Q¥3*NB 1.5
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CF2-CH 2- C6F13 2 A sol ution of one equival ent of
APTES (Am nopropyl triethoxysilane, CAS# 919-30-2) and

t equi val ents acr I|c aC|d 3,3,5,5,6,6.7,7,8,8,9,9,1
O’ i.@'--'f“" ,__-t'_ f¥1 avda _-' c} G H £ e ‘._ MIChae|
15  addition)

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

moieties was synthesized according to:

(CH3CH2—0=)3Si~(CH2)s=NH2 + 2 CH»=CHp—C(0)~O—(CH2);—CF2~CHo—
20 CF,CH,—CsFy —

(CH3CH2—0=)3Si~(CH2)3=N[~(CH2)2~C(O)~O—(CH2)z~CF >~CHp—CF o~

A solution of one equivalent of APTES (Aminopropyl
25 triethoxysilane, CAS# 919-30-2) and two equivalents acrylic acid
3,3,5,5,7,7,8,8,9,9,10,10,10-tridecafluoro-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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according to US3916009, ClBA-CElI GY AG 1975) in
~absol#-e ethanol were allowed to stir at 60 OC for 5h.
wab@stdsyent was distilled of underreduced preRCUDS2008085109

provide the desired twin-tail silane (tertiary am ne

fl UOE élilg% rggant itati velg as! g ?[i?rilgaer‘?(tgrgllﬁry émgje
: ﬂu&@sﬂéﬁe)?ddan% §ac%lo4l€s§'6ll br, 1CH, CF2CH2CH2
and OOCCH2 "and 7 (m br 4H, CH2N),
3.04 (m 4H, CF2CH2CF2) , 3 60 (s, 9H, OCH2) , 4.31
(m 4H, CH200C). 13C NWR (MeOH-d4): 7.4 (s, CH2SI)

rAR i (MESEERY 0 28l 4, R, 128 ¢ 9&&@%@4 (m, 2H,

5 500312%28%218)& ar'fd7 2 &7((Q%CI‘IIOEQGZ:|¥DH2&-I293r(dTOOCCH2 and
CFZCHZCFkI) %{ CH200C)
120Gt 2Lk, 26727!:9')‘ ’rhCﬁz(M) Z@éd)m artiioétiz) 304 (m 4H,
t ep u ne HY cryl ate;
M gﬁégwadgyi’ ?l’%od;lgs %F@%jéﬁ uggoog Ky (?WI QE)CZ ) silane
Wth ester and tertiary am ne tether noieties was
synt hesi zed according to: (CH3CH2-O) 3Si-(CH 2)3-NH 2

(B8t B 616 Qe (5 B GOt ST B
10 2 @’ﬂﬂn%%CIﬂﬁ@%)uBB anmefcrseo uswatl(ﬁmcwgc%?@? 44.3 (m,

(Am no tri et hoxysi|'ane, CA 9- 30- 2
eq@nﬁ )aéﬂyﬁ (e, @QBeN), 968 6n5CF.@HECE2)059,5 (s, NCH;

%%B‘&ﬁ% e GRS 8 e o Bl b g 83k 26 .000),

abws@t e1g1hanelg, ieae fﬂxlm)\/@éFg) L0739 (5,8060. 0C for 5h.
The sol vent was distilled of underreduced pressure to

provide the desired twin-tail silane (tertiary am ne
fluorosilane) quantitatively as a colorless oil. 1H

15 N'\/g_é%g'bﬁm)tertlgrv@m 8 fIl?dﬂOSlg?l%'s('faom PR3 .(aErvla%L MRkl
M)

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

moieties was synthesized according to:

20 (CHsCHy—O—)sSi—(CHy)s=NH5 + 2 CHyp=CHz—C(O)-O—(CHa)p—CoF 4~O—
CsF7 —

(CH3CH2—0-)3Si—(CH2)3—N[—(CH2)>—C(0O)-0O—(CH2)>—C2F4-0-C3sF7]>

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

25 tetrafluoroethyl]-ethyl alcohol (US 2008113199 A1) in the presence
catalytic amounts of p-toluene sulfonic acid to yield 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
(Aminopropyl! triethoxysilane, CAS# 919-30-2). A solution of one
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CH2CH2Si ), 2.38 and 2.47 (2xm 10H, CF2CH2CH2 and

~QQCCH2~-and NCH2C2H4) , 2.77 (m br, 4H CH2N), 2.85

W@ 2Q09AHSITAFICH2) , 3.04 (m 4H CF2CH2CF2) , BCB0S1088/085109
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OH, OCH2) , 4.30 (m 4H, CH200C). 13C NVR (MeOH d4):

? gQ\gﬁ?ngQ%Eﬁg akd é@d g%‘@%@%‘f’é%g ééig(:gfi(df%%tréﬂu%roA-
C"R %%890 %Jﬁiéo 2E)[I’ﬂyl @M@@han&@vé’re(éﬂbm@?@twstlg at 60

(s CH2COO) .
CFWCE#E The §glvsn( was@m@lpd ,of @ndesrgdticedressnyre to prowde

octye desi un-Hts e fehiant ARe ffciPhiansd AlaRuERyely as a

PPyGiogesy bt e; M chael addition) A bis-fluoroalkyl
(twin-tail) silane with ester and tertiary am ne
tether noieties was synthesized according to:
(CH3CH2-O) 3Si-(CH 2)3-NH 2 + 2 CH2=CH2-C(O -O (CH

%g ?%ﬁﬁﬁ(ﬂ: 9)%%%'?@%?3?2 cryl ||ngl)atﬁ:|%g %SZH

esCeéh,CH,-89, Ridcraritt P 32(([Rept, d0H,) @fepHmnd/NCH.CoH,4 and

| nOfteCHL £ e aft B, SRl P SEREb wnm.
suckppigcpei d to yield acrylic acid 3,3, 4, 4-
tetrafl uoro-4- hept af | uor opr opyl oxy-butyl ester

quantitatively. The ester was washed with water and
distilled prior to the reaction with APTES

' I i [ -30-2) .
Sol Gt (I Bk UEl K Er8r). dgrl Sl o S
acpyls ﬁ‘m CFLC13:,GHA, 31 t4e(t F@F;!GH{)05G3(m CH:2N), 59.1 (s, NCH2)
he taf uoropr | ox i n_absol ute et hanol wer
@Cﬁzﬁw “Fohde CHROIST e, DL d5 5. 117.5,
d| sﬁgbl C?gd@r&é 3 ?l)_pr essure to provide the
S1 I'ane

desi red ertiary am ne fluorosilane)
quantltatlvely as a colorless oil.

Example 22 - synthesis tertiary amine from C4-oxirane

A mixture one equivalent of APTES and two equivalents 2-
(2,2,3,3,4,4,5,5,6,6,7,7,7-tridecafluoro-heptyl)-oxirane (Cirkva, V. et al.
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, CH,Si), 1.29 (m, CHs), 1.56 (m, 2H,
CH.CH,Si), 2.31 (2 x m, 4H, CF2CH,), 2.50 — 2.80 (m, 6H, CH,N), 3.81
(m, 6H, OCHy), 4.08, 4,15 (2 x s, br, 2H, CHOH).

3C NMR (CDCls): 8.0 (s, CH,Si), 18.6 (s, CH,CHs), 23.7 (s, CH,CH,Si),
36.4 (m, CF2CHy), 52.3 (s, NCH>), 55.1 (s, CH2N), 58.7 (s, OCHy), 63.3
(m, HOCHCH:N), 108, 110, 116, 118 (m, CF2 and CF3).
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IH NVMR (CDCI3) : 0.58 (m 2H, CH2Si), 1.21 (t, 9H,
~GH3).n~4.54 (m 2H, CH2CH2Si), 2.46 and 2.52 (2xm
WAMINOTEACH2 and NCH2C2H4 and OOCCH2), 2.76 ( nPCHEHS2008/085109

CH2N), 3.62 (m 6H, OCH2) , 4.36 (m 1H, CH2OOC). 13C

NVR (MeOHd4): 8.6 (s, CH2SL) 4.5 (s, CH2CH2SI),

18.7 (s, CH3) , 2 1.5 (m ) , 3 1.4 (t,

CF2CH2) 50.3.(m CH2N), 59.1 (s, NCH2) , 57.4 (0CCCH

ocihatls glaimeds: crpo), 6 1.5 (s, CH200C), 115. 5,

117.5, 119.9, (3xm CF), 173.6 (s, COO . Exanple 22 -

synthesis tertiary amne from C4-oxi rane A m xture one

equi val ent of APTES and two equival ents 2-

(212, 3, 8,TwoneSlabeaepresenied by i decaf | uor o- heptyl )-oxira

ne (Grkva, V. et al. J Fluorine Chem 1997, 83,

5 151-158), dissolved in THF, was allowed to stir at 50

OC for 5h to provide the desired twin-tail silane

quantisiatCM LY ZaR—~ e ZdiIQ'upen repemaliacf the
soﬁ_\?ent End?r (r e%u%é(ﬁrés?ure 1H NVMR (THF-d8): 0.69

(m 2H, CH2Si), 1.29 (m CH3) , 1.56 (m 2H,

CH2CH2Si ), 2.31 (2 x m 4H, CF2CH2) , 2.50 - 2.80 (m

6Hwh , 3.81 (m 6H OCH2) , 4.08, 4,15 (2 x s, br,
13C NMR (CDCI3) : 8.0 (s, CH2Si), 18.6 (s,

X0 B A bk ben TR R ey ‘1%5%2‘”,*2%3’ 3 (m

0 118
10 Vet 18 W ienfiidie itCoes Sosthsyielunetie TPaisaLrodin,
( LPé’pT@éer(t@b" b%)l(ZQ)Z—[@(ﬂji] C(Z@),]—)fLNhéZre@réser@at Rast one of the

Forrmul a 1 whérein: each i S independently an integer
f r pwingmogeties:

i) a first moiety wherein a=1, x=1, and I=1; and
ii) a second moiety wherein a=1, x=0; and [=0;

15 L is independently chosen from a hydrolysable or non-hydrolysable

monovalent group

R¢ is chosen from a C,—C12 perfluoroalkyl provided that: i) one
fluorine 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, methylene, or ethylene; Q is chosen from the group consisting of
a Co—C12 hydrocarbylene optionally interrupted by at least one divalent

organic group;

Q' is chosen from the group consisting of a C>-C12 hydrocarbylene

optionally interrupted by at least one divalent organic group;
25 X' is chosen from O or S;
the first moiety further defined wherein Z' and Z® are chosen such that:
a) Z'is -NH- and Z? is from the group consisting of -NH—, —O—,
—S—, =NH-S(O),—, -N[C(O)H]~, -[HC(COOH)(R")]CH-S~, and
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~a

a, X, and | are integers chosen such that the noiety
of~Fet4ml a 1 represented by -(Z 1)a-[C(X 1)]x-(Z 2)i -

WO 200023595 epresent s at | east one of the foll owreiyUS2008/085109
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noieties: i) a first noiety wherein a=1 , x=1 , and

1=1 ; ang,4}j ety wherein a=1 , x=0; and
=0 L T&q i)mile_géégéﬁﬁ%)%ﬁsen froma hydrol ysable or
non- hydr ol ysabl e nonoval ent group Rf is chosen froma
C2-C 2 perfluoroal kyl provided that: i) one fluorine
atom of the perfluorgal kyl can be optionally replaced
by hydr byetternattyedt. 47iig N ard £1 isoireral tkg I9relam ceesisting of
opti onaI_Qz %Hae_r "upted by at |east one oxygen,

nmet hyl eng, *or "et’hyl ene; Qis chosen fromthe group

consi st | of g1 C2-& drocar byl ene qptignally.

ot er r ubl e 2157 7eind. B BE RS dlked Betivelens

i s chosgipidty @RbEEE frahPthe §en Ic%hsrsﬁngfofas@-@(o?—, —S(O)o-,
hydr ocar byl ene optionally interrupted by at |east one

di val ent organic group; Xl is chosegfwom O or S; the
first moN&yS(Q)theN(CdjS(0%-waadei "=¥1 and Z2 are
chosen such that: a) Z1 is -NH and Z2 is fromthe
group capssaehiRYisahdepdhdentPchosén fronNhy@&oGen2phenyl, or a

“NNC(OH -, - CH-S-_and-
1) Gt [ HOICBOURPT Se-Crgl kbRl (siiates s Coda. peferably

Z1l is f group consisting of -O, and -S-; c¢)
HYBPEAS

when Z1 or is O Q is interrupted by at |east one

di yal ' - qgroup consi sting of

Tt 5%(’8)%%8@& @F&}?%g‘hﬁ?@&h{é s S(O 2- -N(CH)

35(0 2- a) fqg—ﬁ'(:—%?’—Rf; and
b) Q'and Q°®are independently chosen from the group consisting
of a C»-C12 hydrocarbylene interrupted by at least one of
—C(0)-0- or -O-C(O)—, and optionally further interrupted by at

least one divalent organic group.

2. The fluorosilane of claim 1 being an isocyanate derived fluorosilane

wherein:
a=1, x=1, and |=1;

Z" is -NH-and Z? is from the group consisting of -NH—, -O—, -S—,
—NH-S(0).—, and —N[C(O)H]-;

alternatively, Z% is -NH— and Z" is from the group consisting of
—O—, and -S—;

said isocyanate derived fluorosilane represented by the formula:
(L)s=Si~(CH2)n-Z'-C(X"}-Z*-Q'-Ry;

provided that when Z" or Z%is O, Q' is a C,~C+, hydrocarbylene optionally

interrupted by at least one divalent moiety chosen from the group
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~a

d) each Rl is independently chosen from hydrogen,
phenyH~,~or a nonovalent CrC 8 al kyl optionally

wa eoarisped by - C6HS5, preferably H O CH3; theCHESWNE085109
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noi ety further defined wherein: a) Z1 is-N(-Q 3- Rf;

and b i nd dent |y sen, f
gr 8‘&?}g %&?s’fﬁg‘%)@é g 'Hba?g@g?r [\IQEITSI(P)?Z ,and
i ntegrypted by at |east one of -C(OQ-0O or -OCO)-
and ionally further interrupted by at |east one
di val ent ‘organic group. 2 . The fluorosilane of claim
1 being an isocyanate derived fluorosilane wherein:
a 1, x=1, and I=1; Z1 is -NH and Z2 is fromthe
up ca Si. St n

of -NH,_ -0, -S- _ -NHS(Q 2- and

o O) © ISOfYPER F‘?a‘?‘?r\)’&dyﬂ“%Qé'laé‘e-%@a'ghg%fkq QUi

thmlﬁﬁr@ﬁﬁlu‘é%lﬁllaﬁb'\m%r@fn , and -S-; said isocyanate
derived fluorosil ane represented by the forml a:

(L)3-Si #( P ﬂq-N—) Z 2- Ql- Rf ; provided that
when Z1 orghg% "areé% |Hé a C2-C 2 hydrocarbyl ene

°E%%'§rnm%“r*“‘hﬁ’era?%&g%oeﬁﬁ?@w e © o7 TG

2- - NH 8)§3i—2CHs)~NK CHXx@;SNGb_Z}LRfand N=N 3 . The
I socyanate derived fluorosilane of claim2 being a
ur @deldint hi ourea fluorosil ane wherein: Z1 and Z2 are
both -NH; said urea or thiourea represented by the

formul axx'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 Co-C1»
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —-S—, =S(0)—, —S(0O),—, and
—0O-C(O)-NH —.

4. The urea or thiourea fluorosilane of claim 3 wherein Ry is chosen
from a Co—Cy2 perfluoroalkyl and Q' is independently chosen from the
group consisting of a C2-C12 hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of -S—, =S(O)—, —S(O),—,
and —O—C(O)-NH -.

5. The urea or thiourea fluorosilane of claim 3 wherein Ry is chosen
from a C,—C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C—C+2 hydrocarbylene optionally
interrupted by at least one divalent organic group.
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(L)3Si-(CH 2)n- NHC(X 1)-NHQ 1- Rf wherein: X1 is O
~t0-for4ra urea, or X1 is Sto forma thiourea; and QL
wo govmzspendent |y chosen fromthe group consi seCTES29D8/685109
C2-Ci 2 hydrocarbylene optionally interrupted by at

a:,t S? ?ﬁ dg'ﬁlc?/laggtte cﬁ%e qu%IF%% %rﬁefzorfocrln |t hg b%@gc'? @fnrq@mate
ﬂu@rogmﬁqélm@r@ﬁ t hi ourea fluorosilane of claim3
wherein Rf is chosen froma C2-C 2 perfluoroal kyl and

Ql 'S 'Zd%"g’@ﬂ ?dezzugosc?” drrms Les 5:56’29 |§°NFI' Sbhag

of rocar byl ene interrupted | éast
one d| vih %ng noi ety chosen fromthe gr oup conS| sting
of - (9-, -S(O 2- , and -0-C(O-NH - . 5. The

5ureaorth|o eafu z)tﬁ\goflclalms\/\herelanis
ch8§gr?afp%rﬁﬁ ‘Eprese e@ ARl Ly @?rl provided that: i)
one fl u m roal kyl is replaced by
hydr oge ’3n|'ﬁg| H@)pé é j:g B4l kyl is interrupted
by at Ieast one O nmet hé l ene, or ethylene; Qis
sH

chosen ft.«)@wcaléz)gréug@mH Hrof a @G 2

hydr ocar byl ene optionally interrupted by at | east one

di wakegin: or gani c group. 6 . The isocyanate derived

fluor 03| | ane of claim2 being a carbamate fl uorosil ane
wher ei @’ isza Q,sC1Niydrenarby2niesoptionatly witérru pted@y andagdone

d b te
10 ¢ PRI Chossa RS9 SIS e - e (G NH-, —
(L)3Si-(CH 2)n-OC(O-NHQ 1- Rf wherein: P
NH-C(S)-NH-, —S—, —S(O)-, =S(O)—, (R)N=S(0)p—, M=V

7. The carbamate fluorosilane of claim 6 wherein Ry is chosen from a
C2—C12 perfluoroalkyl and Q' is independently chosen from the group

15  consisting of a C,-C+, hydrocarbylene interrupted by at least one divalent
moiety chosen from the group consisting of —-S—, —=S(O)-, —-S(O),—, and —
O—-C(O)-NH -.

8. The carbamate fluorosilane of claim 6 wherein Ry is chosen from a

20 Cy—Cy2 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C—C+, hydrocarbylene optionally
interrupted by at least one divalent organic group.

25

9. The isocyanate derived fluorosilane of claim 2 being a

thiolcarbamate fluorosilane wherein:

Z'is -\NH— and Z? is =S—, or Z" is —=S— and Z? is=NH—; and
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QL is a C2-C 2 hydrocarbyl ene optionally interrupted

~ by~ at~A-east one divalent noiety chosen fromthe group
W@w8HEsIg OF -NH C(O-NH, - NHC(S)-NH, - SPCT/US2008/085109

-S(O-, -S(O 2- , -(R1IINS(O2- , 7 . The carbanmate
fl uoros'kh ané_ of claim6 wherein Rf is chosen froma
-G 2 Puoroal kyl and QL is independently chosen
fromthe grou si stjng of dr ocar byl ene
i nB@iFrthitEio®Y agq chggﬂar}ﬁql@paqawt@%byﬁgei@rymg%sen
fromthe group consistin S, -S(9-, -S(O 2- ,
and - OLogy( )ﬂ—NHS“C.(O%Iﬁ-@aT%aWate f1 uorosil ane of
claim6 wherein Rf is chosen froma C2-C 2

per f | uotl)aBik{CHpre5+@EA)-Nt&Q'4Br one fl uori ne at om of
t he perfluoroal kyl is replaced by hydrogen, and/or ii)

5 t hwhpegifii uoroal kyl is interrupted by at |east one

10
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oxygen, nethylene, or ethylene; Qis chosen fromthe

group @bmhatap@@d@fuyacr@%e@fro%n tysl gesiay dotsiig of a Cp-Cop
opt| onal ly interrupted by at | east one dival ent

r prdrosagiyvinie orgtlonahméntpggggeéinlgy at lgapt QrRIdivalastt Greietne
f t
\‘A’hgrﬁ(g?éﬂr@k{ﬁbr&ﬂﬁp‘cgh%@ Bf”“@ € é{)rorzgé Pt e NR-C(O)-,
I s-NH; andXl i shO sai d thi ol_garﬁ,barrat e fluorosilane
re by g Si-(CH
2) ﬁC&@ C((g)j)s- éle F;SFIUOI%LL ?GLh)dS(Slm(CH (2)n SCO-NHQ 1-
Rf wherein: QL is independently chosen fromthe group
consisting of a C2-C 2 hydrocarbyl ene optionally

inggrru
e T
N(r&mk) O3(0) 7 perflGoal Bnc’d)ca1 is-ifdReperdeBtiPchdsemirdniNAs
group consisting of a C2-C12 hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of -S—, =S(O)—, —S(O)o—,

and —O—C(O)-NH -.

11.  The thiolcarbamate fluorosilane of claim 9 wherein Ry is chosen
from a C,—C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C—C+2 hydrocarbylene optionally
interrupted by at least one divalent organic group.

12.  The isocyanate derived fluorosilane of claim 2 being a N-sulfone

urea fluorosilane wherein:
Z"is -NH-,and Z? is -NH-S(O),—; and
X'is O;

said N-sulfone urea represented by the formula:
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10 . The thiol carbamate fluorosilane of claim?9
~whereix~Rf is chosen froma C2-C 2 perfluoroal kyl and
wW@R0008735p8lependent | y chosen from the group conBCHUBI9G8/085109

of a C2-C 2 hydrocarbyl ene interrupted by at | east

one d|v h oup consi sting
of - a—)séjdérﬁz)né}i@)‘@é?m S%g @(d&i NH - . 11. The
t hi oI carbarrate fluorosilane of claim9 wherein Rf is
chW8€FEIRy om a C2-Gi 2 perfl uoroal kyl provided that: i)
one fluorine atomof the perfluoroal kyl is replaced by
hydr og@nis iadependently Qhﬁ?éeﬁefi’qm e eErupygonsistingtaanupt ed

| ene, or ethylene; Qis
ch%@@%érﬁ?ﬁ%gt%ﬁec &arﬁ@ sting of a C2-C 2
hydr ocar byl ene opt| onal ly interrupted by at |east one

di val ent organic group. 12. The isocyanate derived

fluygros e of clai .bejng a N's one
18 oo ThaNEotsunn oF caim: LbSRG.a Tommyl Wwe ioragiagecyherein:
2- ; and X1 is O said Nsulfone urea represented by
t he forﬁuﬂaxﬂ_)ag‘gl @@M)n- NH C(O-N HS(O 2- Ql-Rf
wherein: QL is |ndep ndent chosen fromthe group
consi st Zhig ﬂ’ﬂHanaannn%fN@@H]Q Ci 2 hydrocar byl ene.
13. The fluorosilane of claim1 being a fornyl urea
fl lsallidnﬁjrtmyharemepeesented:by,the(#irmulaxnd 1=1 ; and Z1 is
-NH and Z2 is -NNC(OH|-; said fornyl urea

10 repr eSeﬂl)@|—t®H§)h-eNHGO(r)4])aN[(C(.O)fBﬁI-Q(‘-QR} 2) n- NH- C( X
1)-NCOH) - wher ei n:

wherein:

Q' is independently chosen from the group consisting of a C2-C12
hydrocarbylene interrupted by at least one divalent moiety chosen from
the group consisting of —-S— and —NH-.

15
14.  The fluorosilane of claim 1 being a thioether succinamic acid
fluorosilane wherein:
a=1, x=1, and |=1;
Z"is -NH- and Z? is -[HC(COOH)(R")|CH-S- or
20 —(R"YCH-[HC(COOH)]-S—;

X'is O; and Q" is «(CH2)—
said thioether succinamic acid represented by the formulae:
(L)3Si—(CH2),—NH-C(O)-[HC(COOH)(R"]CR'—(CH2)m—S—(CHa)2-Ry, or
(L)3Si~(CH3),—~NH-C(0)—~(R")CH-[CR"(COOH)]-(CH2)m—S—(CH2)—Rs

25 wherein m 1 or 0; wherein each R' is independently chosen from methyl

or hydrogen preferably H.
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QL is independently chosen fromthe group consisting
of~a~-GC 2 hydrocarbylene interrupted by at | east

W@r®I73598 ent noi ety chosen fromthe group conBCHUBI9G8/085109

10

15

of -S- and -NH. 14. The fluorosilane of claim1 being
a i oet her, succinam.c, acid fluorosilane wherein:. a=1
% 18, CThRGutERIang B Pt e B3iard ryiieiiereyioe
1) l&Erén: of -(R1)CH[HC(COOH)]-S-; X1 is O and QL is
-(CH 2)2- said thioether succinamc acid represented
by the fof muU@e4(1Lh3Shq (CH 2) n-NH C(O) - [ HC( COOH) (R
1)]%-%0&%%%@('0?[ %‘3- Rf or (L)3Si-(CH
2) n- NH SiRAB) b CR 1(COOH)] - (CH 2)m S-(CH 2) 2- Kf
wher ei ngmg)l 'gfc%s; E§;21]er‘ei n each Rl is independently
chosen from net hyl or rogen preferably H 15 . The
| SR et teniBie R EOHBE SBIEIE! o am ne
fluorosilane wherein: a=1 , x=0; and I=C and Z1 is
-N[-Q 3-(R f)] ;fsaid tertiary am ne represented by
the formula: QL d @B is independently chosen from
the group consi &ing of a C - C 12 hydrocarbyl ene
i nterrupted by a|t | east one -C(O)-O and optionally
f uth8r—nt@&y)piNed@yRat | east one dival ent noiety
chosen fromthe group consisting of -S- -S(O- -S(O
2- -N(R,1) - -, ~C(O-NR1)- - -

(Q1 a)nd%gé indep%(nd)entl§/ cho)sen from the group consisting of a Co-
C+2 hydrocarbylene interrupted by at least one —C(O)-O- and optionally
further interrupted by at least one divalent moiety chosen from the group
consisting of —S—, =S(0)-, —=S(0).—, -N(R")-C(0)-, —C(O)-N(R")-, -

Za

(R")N-S(O)—, and 2
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