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Abstract : Organosilicone—based surfactants consist of hydrophobic organosilicone groups coupled
to hydrophilic polar groups. Organosilicone surfactants have been widely used in many industrial
fields starting from polyurethane foam to construction materials, cosmetics, paints & inks,
agrochemicals, etc., because of their low surface tension, lubricity, spreading, water repellency and
thermal and chemical stability, resulted from the unique properties of organosilicone. Especially,
trisiloxane surfactants, having low molecular weight organosilicone as hydrophobe, exhibit low
surface tension and excellent wettability and spreadability, leading to their applications as super
wetter/super spreader, but have the disadvantage of vulnerability to hydrolysis. A variety of
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trisiloxane surfactant structures are required to provide the functional improvement and the defect
resolution for reflecting the necessities in the various applications. This review covers the synthetic

schemes of reactive trisiloxanes as hydrophobic siloxane backbones, the main reaction schemes,
such as hydrosilylation reaction, for coupling reactive trisiloxanes to hydrophilic groups, and the

synthetic schemes of the main trisiloxane surfactants including polyether—, carbohydrate—, gemini-,

bolaform—, double trisiloxane—type surfactants.

Keywords : Reactive Trisiloxane, Hydrosilylation, Low Molecular Weight Organosilicone Surfactant.
Trisiloxane Surfactant, Polyether Trisiloxane Surfactant
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Si(CH3),~O-Si(CH3)3)2 ¥4l ALl g7l =
2o A5 OFS Bkt ARSEAE A=
St7)71 v o Pt webA EjAE4te] Z1E S
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trisiloxane®] TTAFASHISS o]8ste] e 3
719 ¥FeA 8(o @ CH2=CH-S )& ¥H7}%t
F gkgAgdo] e Sel Hok= g IR
B 5= Aotk o]2jt two-step FAHHS
Hlo] 24, ol T ol tE s 1E
< 713 AEEA AHSZAE S o F=2
AHGEE ol [11,12].

EGASL AASGgAE EAFo] Hwd &
7] wj2oll EH AWolAY packing(Hig)o] &
olsty] © W2 AHDAHAEATT ZH AWH
EANG & olo] mAAE Fho] W I A4

=2 T R a7
Fe A duzx BH$R 8o w7
spreading®|o] EZ|AEA  AAZAIA|E="super

spreader” “super wetter’ 241 S-83FcH13,14].
shAE AZASi-0-S)AFS B, 4, dZEet
HEA A 7heisliEo] AREde s
Tzl ZHesliol Hiet S dHsHA E
AEAT AHEGA Y] B4 Al fisted
EAEA ARZGAZT st sletxs A
o] = QItH7,15]

i@ o

53

2.2, 22 Y trisiloxane backbone
HEAQ] H-SA trisiloxane backbone2 comb
type2] Si-H functional siloxane?!
1,1,1,3,5,5,5-heptamethyltrisiloxane(HMTS) ~ ©]
t}.  Silyl hydride(silanic hydrogen silicon
hydride @ Si-H)+= 2%l 2]7F 7] wel &t
5740 =ot AFFaFE dRAI71717F vluA
folstty, HMTS+=  cohydrolysis@t equilibrium
reaction & 2 7FA] oz e & SQl=tl
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chlorosilane 2:19] #AsiA &2 HgR ZF5H
=, 7t S8E-s AlZIW Si-H functional
trisiloxane®] $JHHScheme 1). FHA B2
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S Zo]tH(Scheme 2)[7,17,18,19,201.
End-capper¢l HMDS<2 trimethylchlorosilane=
7tEsfiste] dojRnt [ 2(CHa)sSiCD + H,O
——> (CH3)3Si0SiCH3); + 2HCI 1[16].

CH, CH,
2 | H;C—Si—CI | + 1 CI—Sli—CI + H0
CH,3 H

Trimethylchlorosilane  Methylhydrogendichlorosilane

CH; CH; CHs
— H3C—S|i—0—Si—0—Si—CH3 + HCI
CH; H CH;

Si-H functional Trisiloxane
[1,1,1,3,5,5,5,- Heptamethyltrisiloxane ]

Scheme 1. Cohydrolysis of Chlorosilanes

GHy  CH, cH
H{C—$I—O—Si—CHy + HiC— s.—o—%s.—o«%s.—cn3
CH;  CH, CH

Hexamethyldisiloxane(HMDS) Si-H functional Polysiloxane

Poly(methylhydrogen)siloxane

g
H3C78‘i—0—5‘i*0f8‘i*CH3
CH; H CH,3

Si-H functional Trisiloxane
[1,1,1,3,5,5,5,- Hept: thyltrisil 1

Scheme 2. Equilibration Reaction with End-
capped Siloxane and Polysiloxane

T oE 934 backbone?!
3-aminopropyltrisiloxane
3-aminopropylmethyldimethoxysilane}
HMDSE tetramethylammoniumhydroxide Z0f
Stofl ¥R AlA  FASHTH(Scheme  3)[21,22,23].
FAH 3—aminopropyltrlsﬂoxaneOﬂ/ﬂ94 ol 7| =
ghgAdo] Zof o7l A4 0E 52 8ol
AR A A

Bh-8/d  wisiloxane backbone®l 2-aminoethyl-

trisiloxane

3—-aminopropyl trisiloxane2 2-aminoethyl-3-
aminopropylmethyldimethoxysilane®t HMDSE
tetramethylammonium hydroxide Zufjste] wHg-
AlA A5 Scheme 4)[24,25,26]. 181 22

gfolE77F U= WS A trisiloxane backbone¢l

B LS

3—chloropropyl trisiloxane  3—chloropro-
pylmethyldimethoxysilane® HMDSE &4t Zof
sto] whSAlA dettH(Scheme 5-D[15]. E&=
methylhydrogendichlorosilane¥} allyl chloride®]
TAasAsHES-S o]8ste] 3-chloropropylme—
thyldichlorosilane= 4J%h o3, ©]& HMDS¥
122 E8lgr Whg AAA YRt (Scheme
5-2)[27]. olQoke EfAEARE 7]EoR o
g wRSA OES FUMIA odR w4
trisiloxane backbone& @A 4= St

CH, CH;  CHs
HsCO—Si—OCH; + Hy;C—Si—O—Si—CH;
(CHa)3 (|:H3 cl:Hs

NH,

3-Aminopropyl

Hexamethyldisiloxane(HMDS)
methyldimethoxysilane

CH; CH; CHs

(CH3)4NOH
CH CH
Tetramethyl 3 (?H2)3 3
ammonium NH
hydroxide 2

3-Aminopropyl trisiloxane

Scheme 3. Synthesis of 3—Aminopropyl

trisiloxane
CHj CHj; CH3;
H3CO—Si—OCH; + H3C—S|i—O—Si—CH3

((‘:Hz)s CH; (|:H3

l“lH
(?Hz)z

NH,

2-Aminoethyl- Hexamethyldisiloxane(HMDS)

3-aminopropyl
methyldimethoxysilane

CH; CH; CHs
H3C—S|i—0—Si—O—S|i—CH3

(CH3)4NOH
CHs  (CHp; CHs
Tetramethyl [
ammonium NH
hydroxide |
(?Hz)z
NH,

2-Aminoethyl-3-aminopropyl trisiloxane
Scheme 4. Synthesis of 2—Aminoethyl-3—
aminopropyl trisiloxane

_69_



Vol. 34, No. 1 (2017)

CH, CH,

CH,
[11 H;CO—Si—OCH; + H;C—Si—O—Si—CH;
(CHa)3 cle3 cl:H3
&

3-Chloropropyl
methyldimethoxysilane

CH;
[2] ClI—Si—Cl + CH,=CH—CI
!
Methyhydrogen

dichlorosilane Allyl Chloride

Hexamethyldisiloxane(HMDS)

— CI—Si—ClI

A2 714 AREYAY AT FF A1) 5

?Hs cl:Hs cl:H3
—————> H;C—Si—O0—Si—0—Si—CH;
H,S0, | | |
CH, (CHz)y CHs
Cl

3-Chloropropyl trisiloxane

A

CHs —> 2 (CH,)SiCI

Y

(CH3)3 + 2 Hexamethyl

\ disiloxane(HMDS)
Cl

3-Chloropropyl

methydichlorosilane

Scheme 5. Synthesis of 3—Chloropropyl trisiloxane

2.3. Polyether trisiloxane surfactant

EASAT ARG F 7P dlE:A Q] Aol
EoHl2 EAEAE ARSGARIHE ol &
A0l EgAEL ] AL F0R  ethoxylate
£ HIRE Aot Heptamethyl trisiloxane
HMTS)} allyl ethoxylates W5 Zui(H,PtClg
. Speier’s catalyst) ZANA FAFLASHIS-Z A
719 EPoHE EdAS4E ARGAGATE A
HHScheme 6)[14,28]. Allyl alcohol ethoxylate
£ polyethylene glycol®} allyl chlorideE
NaH/NaOH ZujzAstoA A EH(Scheme
D28l EF DA 7Y FH7HE Sl allyl
alcohol  ethoxylate  th4le]  allyl  alcohol
propoxylate/ethoxylates AH8st= A9T St
[29].

Tragaehgo] ARgE= allyl ethoxylateol]
= Uete] geobA 4t A allyl alcohol
ethoxylate T+ o] methyl & acetyl”]7}
ZAtH allyl ethoxylate methyl ether ®% allyl
ethoxylate acetyl ether 5©] SItt. Allyl alcohol
ethoxylateE potassium terr—butoxide®} methyl
p-toluene  sulfonate®t  WHSA]Z|H
ethoxylate methyl iy
(Scheme 8)[29].

Scheme 6& 7|2 EFoH=Z E al
AHZEA ] AFAA P A

49l of
£ et 214, BRpoe] RaE 37 Za

allyl
olck

N

etherE

A=A}

=
o
3

23 Ay ¥rgrle]l HTMS(EARF 222.50)
llg® 8] EFA 16mlE P31 SpeierZj

lwt% 1mlE H71%E o5, wEstHA 65C7HA]

7F23%  allyl ethoxylate monomethyl ether
(CH2:CH_CH2_(CH2CH20)1’FOCH3 *E—X]'%]:

440 @ n = ¢F 8.4) 28.3g= 4XZre] HAAA A
Ao edE Foste] fagashihgeS AR
ok fFAgashhge Iaukgelr] wiEo] whg
=< allyl ethoxylate monomethyl ether& 414
5] FQlofop ey WHgemS 4 0.79gE
A7kl 2417 Fot Wkt & ofifsto] SHiE
AAgH238] §He). ¥RES 50ColA s1ds=
712 22X AETFAIZ 5, 50T JFgET
B YAzt EFAS AAsH EdoE=
EAEAT AHSAA7E dojxit

Scheme 6914 hydrogen—capped (R=-H)<}
methyl-capped(R=-CH3)¢l Z2]ofH=2 EZ4
4 AHSGAES HwSH  methyl-capped

type®] A7t A7|EAo|al A NAERC
A9l spreading rate?} %t Zoz uERgTh

[30]. &S+ FA2543MNESA] Si-H functional
trisiloxane(HMTS)©]  hydrogen—capped  allyl
alcohol ethoxylate®] terminal hydroxyl groupt
FlE il SilEaRav] Zavi g goe) SRS IV I R
methyl-capped allyl alcohol ethoxylateE A&
Sh= Aol MEFAEAT  hdRt wolnh3ll.
Methyl-capped polyether trisiloxane surfactant
L “Silwet L 7770]ehs A=EWom Arasist g
Ao (EO=7.5) HHAZH0.1%)-> 20.5~21.4
mN/mE S e SAE vehjn 4
u

spreading agent W wetting agent & E-&F| 1
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EeoEH2 EAEA AW
EDoEH2 ©Hilei AHE
. g off, EgAs4t
CoHys 8% fASEARE EQdE4te] &
22 C,Hys Z15Foll Hlste] dol= &

2 Fefolrt (Ze] ; 97 A o 15 A, #] :
530 A% o 350 A7)[7,13]. E 9]

= methyl7](CHy) &, ®©354a AE2 F=
methylene?|(CHp) 2 /450 =8l  methyl”]
7} methylene”] Ht} ZHAZ|7}F 2tk whabA]
el EFoEH2 ©Halei AHB/A L]
A2 30 mN/m ZEQl ¥, Eod 2
=4 AREGA o] A2 20 mN/m
L7kA] GopHITiT].

oS N Hr X

& rlo & o o

ox |m kel

CH; CH; CH,

| \ + H,C=CH—CH,—O—(CH,CH,0)=R

\
HgC*S‘i-O S‘i*O*Si*CHg
CH3 H CH3

Heptamethyl Trisiloxane (HMTS) Allyl Alcohol Ethoxylate

CH3 CH3 (‘:H;;
H3C*S‘i‘0fsi70fsi7CH3
H,PtCI CH3 ‘ CH;

(CH2);3

0—(CH,CH,0)n—R

,PtClg
(Speier’s catalyst)

Trisiloxane Polyethoxylate
Scheme 6. Ethoxylation for Comb Type
Si-H Functional Trisiloxane

HO—(CH,CH,0)~H + H,C=CH—CH,—ClI

Polyethylene Glycol Allyl Chloride

—_—
OH"

H2C:CH_CH2_O_(CH2CH20)n_H

Allyl Alcohol Ethoxylate
Scheme 7. Polyethylene Glycol Monoally Ether

ditHos  AE4E AHBAIAS]  siloxane
Si-O-Si)2 7kl 7Fedel = Si-O g
Aedz7t 744 Gofl digt Aol 2
gkx] dotAAo] 25t kAUt Si-O 2
A7zl 2pol7h 27] W] o]eA
dgo] ot Aoyt d7|stEE ¥4

Hall=le o] UH32]. o]t
s|Astr] Qs AEA 2= gA|6H

=

Oft ra

i

X 0

i 1o S o & flo
O i,
2 rlo = ofd o R

Mo b I

R=-H, -CH,, -C(O)CH,

R LR

ARLGA 2AA2] dFE HAsked, 1 F
o shrh EoH=z EfASL AUBIAE
7l FEE St FelR7E FURRE el
ZdolH2 EAFA AHE/gAoltH33].

g
H3C—(‘:—OK
CH;

Potassium tert-Butoxide

H,C=CH—CH,;—(OCH,CH,);--OH +
Allyl Alcohol Ethoxylate

— > HyC=CH—CH,;—(OCH,CH,);-0" K*

i
|-|3c~<:>socr|3 +
0

Methyl para-Toluenesulfonate

H,C=CH—CH,—(OCH,CH,)--OCH;

Scheme 8. Allyl-capped Ethoxylate
Monomethyl Ether

Folg EejoH2 EAE4E AHEAA 9

Fguree 3PAlE FE=d, A allyl
polyoxyethylene ether (n=8)¢} epichlorohydrin
& SnCly ZFufiste]l ¥HgAXl  %(Scheme 9

[11(@)), ©]& triethylamine¥} of|gh-2 SufslofA
HESA|A 244 oFole 18-S At (Scheme
9 [2](b)). 28 mpAEtem LA ol 1
E1} Si—-H functional trisiloxaneS W-gZufjs}o]
Tagadhg-E o]gote] ¢folA ZjoH =
EAEA AAZAAA (Scheme 9 [Bl(e)E 4
sttt Z2FoHZ EfAEA AHEdAE pH
T~85 Hlojd 4 2 gZE] A= Tt
2oll7F F435] M=ol AWSEFE SR,
AAE FoleAd ZFOHZ EfASL AWg
A= pH 4~10 "Wl ST S-S
ERdlTh 1 o]f= uhold QR A AldF
drER JAFEN M= FEAEC] vold
yHe AZASI-0-S)= F4ste AL "ot
7] mj2oltt. Add dREFEHC] bukydE
AAFHE7E AXHA AR pH HL7F &
thEc} [33,34]

i

]

o
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XA SEIAtolE EYAEL AHSAA
SHASTH36]. & Scheme 6°] wet HAH
— > H;C=CH—CH,—(OCH,CH,)- OCH,~CH—CH,Cl (a) ?oﬂEﬂE Esd= 74]‘?"4;%“&7\1]%} glucose%_—_

n \ Zuf3t] glycosidationfH-SA|A X4=Ado] 715}

OH = =
OH 2P IAPlE ERAEA AREGAE

‘ =
——» H,C=CH—CH,—(OCH;CH,);-OCH,-CH—CH, (b) L3 ?—]'E]'[37’38]-
H3CH,C—N*—CH,CH;

?Hs ?Hs ﬁ’“s CH,CH,CI "o
[31 (b) + H;C—Si—O—Si—O0—Si—CH; o o—H
| | | H,C=CH—CH;—0—(CH,CH0)7H + 4o
CHS H CH3 OH Glucose

[11 H,C=CH-CH,—(OCH,CH,); OH + HZC\—/CH-CHrCI

R = T

N, i

[21 (a) + N(CH,CH3);

ol
-

Ally Alcohol Ethoxylate HO
CHy  CHy  CHy H*l Ho
HyC—Si—0—Si—0—Si—CHj
\ \ (c) — CH—CHo— 0 otH
CH, (CHa)s CHs ?H H,C=CH—CHj, (OCHchz)n\o ” oH
(OCH2CH2)F0CHfCH7?H2 <‘=H3 (‘3”3 <‘:H3 _1'"2
H3CH2C*N+7CH2CH3 H3C7S‘i70*?i*0*5‘i7CH3
\ CH; H CH,
CH,CH,CI
. . .. Heptamethyltrisiloxane
Scheme 9. Cationic Trisiloxane Surfactant GHy  cHy  CHy
HyC—Si—0—Si—O—Si—CHj
A Ho.
2.4. Carbohydrate trisiloxane surfactant (“JHZ): o "
= - - - (o)
QIAle] =Ado] §lo] bAstal golotA AE] (OCH,CHIn—0 on
= A4t 7hset &4 carbohydrateE: Ho m
X 1207 st ETAEA AATAAAL A Scheme 10. Glycoside Trisiloxane Surfactant
g APE Y Q. 2 RSlo|EF ol E EFA
4 ARTAAE TS g 71240 Py SFIAntolE EsdSal ARggde o
2 94 saccharideo] ¥M$A4 I8E Rag of A8 ESAST A% A4 glucose Atole]
S, W54 trisiloxane backboneol| H7letE 7 amide”} linker2A4] ZH8sto] TAE AHSAA
ojct. ol#F Wog AW AWBAL A otk A FRIApOIE FRASA AW
A 522 glycoside T glucosamide?t 2t FPAE sk W2 (1) amino functional
7} A%E Za|FAto|E EfAEA AHEAA| siloxane®} gluconolactone2 HHEAIZ| AL, (2)
(glycoside trisiloxane surfactant) = ZFFA} Si—-H functional siloxane¥} amino functional
nfo|=/22 A uto| = EFARA  AWHEAA| gluconolactones  WFSAIZIAY,  (3)  epoxy
(glucosamide/gluconamide trisiloxane functional siloxane®t amino glucose(glucamine)
surfactan)®  FTEZ 4 Qlch Trisiloxane = BHEAI7]= ZolHH39].
backbone®] AstE FAESS| glycoside} Amino functional trisiloxane& ©]-8sh= 2%
glucosamide—‘;— hydroxy17]7]- oz 7| EA5HA] FAtoto|E EYAEAE AASAA L] A
o oJe] A9 saccharideE ZATAA HALAHS o] g 71 &= o2 Zrh (Scheme 11)
Z7I7]71% S35, [21,40]. Scheme 34 4% 3-aminopro-
ZaFxjolE EARA AHEAA L] 7]EZ pyltrisiloxane¥t glucose— & —lactoneS 1:1 &H]

& T4 WES Scheme 100 ZUQ stepy), & &2 S Sulslold BRAZIEA WA
A1 A= glycosidation ®¥FeoZ  allyl N-3-propylmethyltrisiloxane-N-glucosylamine
alcohol ethoxylate(n=2)2} glucoseE 4 Zufjst CIGN-GA)e] &gt Glucose— 6 ~lactone
A HREAIA allyl  polyoxyethylene  ether thAle] lactobionic acidE AFH8-SHA disaccharide

glycoside® A5t 2 WAL FAadast vhe type<! N-3-propylmethyltrisiloxane—N-1
02 allyl polyoxyethylene ether glycoside®} actobionylamine(Si(3)N-LA)°] fci:ieg
heptamethyltrisiloxane—% THA5ASE HESAIA Monosaccharide type?l Sl(3)N_GA9/] CMCE=
254 ESAE4 2ge 544 glucoses 2 413x107 mol/L o] ofmo] IR 20.54
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mN/m Q1 9FH, disaccharide typedl Si(3)N-LA
o] CMC¥ 1.03x10” mol/L ©]aL oJufjo] ®H
FEe 21.00 mN/m o2, Aol Frishd
wAEY 9 CMC7F 37kbe HojEoH2ll
Amino functional trisiloxane©2 scheme 4°fA]
4% 2-aminoethyl-3-aminopropy! trisiloxane
E AR8Sto] glucose— 6 —lactone I+ WHS-A]Z]H
N-(2-aminoethyl)=3-propylmethyltrisiloxane~-
N-glucosylamine(Si(3)N2-GA)©] ke,
(Scheme 12). Monosaccharide typeg!
Si(3N2-GA®] CMCE 3.77x107* mol/Lo]1L ©]
mjo] THAEL2 20.54 mN/m ©]th24],

(‘:H3 (‘:H3 <‘:H3 HO
H;C—Si—O0—Si—O—Si—CH; 4
‘ \ n 0 OH
CH, (CHg), T 0= OH
NH, HO

3-Aminopropyltrisiloxane Glucose - 3 - lactone

(‘:H3 (‘:Hs (‘:Hs
H3C*Si—0—3i*0—3‘i*CH3

— CHa  (CHa)y CHy
TH
HO Cc=0
OH
HO
OH
OH

N-3-propylmethyltrisiloxane-N-glucosylamine

Scheme 11. Glucosamide Trisiloxane Surfactant
Fol2d SFFIAMolE EFAEA AHEA
A= tertiary amine¥} halogenated hydrocarbon
T+e]  quaternizationf-g- 22  F/JHTHScheme
13)[41]. 1 4AlE amidationHg 2
N,N-dimethylethylenediamine=} glucose— &
—lactone(D—gluconolactone)& 1:1 EHEZ 1
g BHistollAl  ERAZIEA HESAIZIH
N-[2-(dimethylamino)ethyl]-D-gluconamide
(Scheme 13 [1l@@)e] HHH. 2 A=
quaternizationfF-3-2=2 Scheme 5914 FAH
3-chloropropyltrisiloxanet
N-[2-(dimethylamino)ethyl]-D-gluconamide
()2 benzyl alcohol &me} KI & ZA3}o]
A HESAIZIH ol 2FIAMme|lE Efd
E4F ARG A| (Scheme 13 [21(b))7F @At

FEii g2
A A N
H3C*S‘i*0—s‘i—0 S‘i*CH3 + [o] OH
O=
CH;  (CHy), CHs OH
(‘ 2)3 HO
”‘lH Glucose - § - lactone
CH
(‘ 2)2 (‘:H3 (‘:Hs C‘:Hs
NH, .
—Si—0—Si—0—Si—CH
2-Aminoethyl HsC S\I ° S‘I © \I :
-3-aminopropyl trisiloxane CH3 ((‘:sz CH3
l"lH
- ((‘:Hz)z
NH

\
Ho C=0O
OH
HO
OH
OH

N-(2-aminoethyl)-3-propylmethyltrisiloxane-N-glucosylamine

Scheme 12. Glucosamide Trisiloxane Surfactant

[11 H;C HO_  Glucose - & - lactone
\N-(CHZ)Z‘NHZ + (D-gluconolactone)
4 o
H;C OH
O=
OH
HO
H

N,N-dimethylethylenediamine

OH [o]
H3C
—_— /N-(CHz)z—NH (a)
HsC OH
[o] OH OH

(‘:Ha (‘:Hs ?Hs

[2] + H;,C*S‘i—O*S‘i*O—S‘i—CHg,
CHs (CHa)s CH,
CH; CH; CH, Cl

3-Chloropropyl trisiloxane

\ \ \
H{C—§i—0—Si—0—Si—CHy
CH;  (CHy; CHs

‘ OH OH cr b
H3C*N‘L(CH2)2*NH ®)
CH, OH

0o OH OH

Scheme 13. Cationic Glucosamide Trisiloxane
Surfactant

Scheme 12014 §gH Hlo|24 ZFFIAfuto|E
EAZ AdEAdAe] CMC7F 5.36x107*
mol/Le]1 ojuje] EHAZo] 21.05 mN/m¢l
HHH, scheme 1304 PJHE ol SFIAL
ol EgAEA AEE@gAe]  CMCE
5.65x107 mol/Lolal oluje] mwHA=lo] 21.48
mN/me YehdtH41]. ol A47 drEH9
Fol2Ad I JFoR HgAdo] Frtsta <
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[11 H—(OCH,CH,)OH +

PTC

HZC\—/CH—CHZ—CI

A2 714 AREYAY AT FF A1) 9

_— HZC—CH—CHz—(OCHZCHz)n—O—CHz—CQ-CHZ @)

NaOH \ /
(o]

[2]
CH; CH; CHs

H3C—Si—0—S:i—O—S|i—CH3 Trisiloxane Trisiloxane
CHs  (CHa)s CHs (CHa)s (CHz)y
ll\lH - N_CHz‘ClHCHz‘(OCHZCHz)n—OCHz-CltH-CHZ—l’\l
() (CHa)y (CHa), OH OH (G
l‘|lH l\\lH l‘\lH
HO °=8H HO C=8H © HO C—gH
HO OH HO OH HO OH
OH OH OH
Scheme 14. Gemini Glucosamide Trisiloxane Surfactant
ol &L 7to] Hhdtgiog <Qlg] uto 14)[26,42]. A DAE  oligoethyleneglycol =t

|
“gol AA=7] el CMCes=7t 57kt A
& wohE,

2.5. Gemini type trisiloxane surfactant
gt 7je] 2471t 7 AR H4TE A9H ¢
THA Q1 AREAAASE g, AnY ARSAAA
= F MY &57|e T A9 477 HuH
Ao spacer2 AFAH FXE AT U
A9l AAZAA 2 EA7} spaceroll 25|
25 Aolty, gyt EAEL AHSAAA o=
TN AF4OEE A2t linker7t
Zskar o] linkerE spaceret WHEAIZIA =W
Y EASA AW G 7T g ETh
Amy ZE|FARo|E ERAEA AHSA
o] & ot o HHoe= FAHATH(Scheme

19

24 P N

epichlorohydrin= phase transfer catalyst 25}
o oligoethyleneglycol diglycidyl ether(Scheme
14 [l@)s e s e
oligoethyleneglycol diglycidyl etherE glucosa-
mide trisiloxane surfactant(Scheme 12¢] <23}
4 5 Scheme 14 [21(b)S 1:2 EHl&= wgt
= BulistollA RAZIHA WESAIZIL GHiE
#Ago=m AAsHA AwY FeFIANolE Ed
A2 AEEAA (Scheme 14 [21(0)7F AE

k)

Qut Felmamlels B4 AREHA,
spacer®] Zol7t T2 ARy ZesiAmtol=
EdlE AU A S4L B 13 2
o A ARSAAE Qe ARREA woh
CMC7F Ae | ol 444l 27] wjEoln

Table 1. Surface Activity of Gemini Glucosamide Trisiloxane Surfactant

Glucosamide Trisiloxane Gemini Glucosamide Trisiloxane
Surfactant Surfactant(Scheme 14)
(Scheme 9) Spacer n=2 | Spacer n=3 Spacer n=4
CMC(mol/L) 5.36x107* 1.94x107 2.92x107° 3.34x107°
Surface Tension
at CMC 21.05 20.48 20.56 20.68
(mN/m)
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Aoy AHGAA ] mAHGHo] 22
T27} bulkysiiAl BAHE 74| Q1Eo] 27

ojtt26]. AWY AHEIA S 7F2tll spacer?!
ethoxylate®] &4(n)7} F7Fgtell weh CMC7}
Z7Fke H, o)A JpAdol Skt AHEA
A7t EHOZ o]Fst= Aol AAHIL webA
HHO 3P} AAE7]  wjgelty. ol& A9y

ZelZ el ESASA AHE9A 9

45N
Mo

—_

£ fr
M 2

—_

spreading &3 Silwet L77(E2]ofH2 EA
S5 AWSA ¢ Scheme 6)3F |ARRE ol

T}H43,44,45]

A717F Aldg dREAY Gl Ad
EYASA AHZGAE ohedt Zo] ARttt
(Scheme 15)[46]. A TAI= 3-(N,N-dime-
thylamino)—propyl-3-aminopropyl—-methyldimet
hoxysilanext hexamethyldisiloxane& 1:5 &H|&
2 phase transfer catalystQ! tetramethylammo-

LB g

oAl BEgAIZIH FF A= butane—1,4-bis
(dimethyl—(3—(3—aminopropyl trisiloxane—3-
yl)—propyl-ammonium bromide(BBAB)(Scheme
15 R21b)7F Hek. FolA Any Egd=4t
AHEAA Q1 BBAB= aluminosilicate 3=2] F
frdgel a1 olf= F He Fole
A drEHo] o]2421 aluminosilicate
&Rt A7) g or BAHI bulkydt F 712
A ESASEL TF0] ARt 71 xE At
T QHARRA 7] 7] wfjZolH46].

2.6, Single—trisiloxane double-tail
surfactant
3 o] 254 EFASA 250 £ A9 7
F71skEe] Faet AUgAE 2 =l
=

= single—trisiloxane double-tail surfactant2til
F e 7 folsREe ® A BE A

niumhydroxide® Mgt} WazASHI Wg 5719 ARE AW W e A% gE @ A
el 3-(N,N-dimethylamino)-propyl-3- = 487190 A= Ut
[ CH,3 CH, (|:H3 CHLNOM c|:|-|3 CH; CHj
H;CO—Si—OCH; + H3cfs|i—o—s|i—cw3 (CHa)a , H3Cfslif0—Si*O—S|i*CH3
((‘3H2)3 CH; CHj CH; (CH,, CHs
"‘IH Hexamethyldisiloxane(HMDS) th
l
(fhals (CHy); (@
H3;C—N—CH; [

3-(N,N-Dimethylamino)-propyl-
3-aminopropyl
methyldimethoxysilane

[21 Br—(CHy),—Br +

H;C—N—CH,

1,4-Dibromobutane

<|:|-|3 CH; CHj CH; CH; (|2H3
H3c—s|i—o—3i—o—s|i—CH3 |-|3c—s|i—o—Si—o—sli—CH3
CH, (CHa)s CH, CH, (CHz)a CH,
NH NH
Br ’ | Br
(CHy); (CHp)3
H3cfr‘«+ (CHz)y——————N"-CHs
CH, (b) CH,

Scheme 15. Cationic Gemini Trisiloxane Surfactant

aminopropyl-trisiloxane(Scheme 15 [1](a))e] 3
A=t} vu-e- hexamethyldisiloxaned ZE5
st AARH. vws "@AE 3-(NN-
dimethylamino)—propyl-3-aminopropyl-trisilox
aned}t 1.4-dibromobutanes ™EHe {ujxAs}H

& A ag7lsh F A A471E A AR

SAAAE  bola surfactant HEE=  bolaform
surfactant2tal s}h=d|, bola/bolaform trisiloxane
surfactant®] 3+ o= oem Zo] FASH

(Scheme 16)[47]. A DA = oligoethyleneglycol
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monomethyl ether®} epichlorohydring phase
transfer catalyst EA5te]  oligoethyleneglycol
monomethyl glycidyl ether(Scheme 16 [1](a)&
ARtk o @AE  oligoethyleneglycol
monomethyl glycidyl etherE 3-aminopropyl
trisiloxane (Scheme 3¢ 9Jsff /)& 1:1 =H]|
=2 WS guistolA w-gAZIE Foe] X
7715 7 EgAEA AREdA (Scheme 16
2Ib)7F €. AL717F & A o]7] wiiE
of ZZte] ethyleneglycol®] H71 E4(m)+ 1~2
Arolm mEAL 10 mol/L skZoAl
21~22 mN/m Axo|t},

[1] CH;—(OCH,CH,);OH + Hzc\—}:chuz—m

o
PTC
———————————> CH;—(OCH,;CH;)7—~0—CH,—CH-CH,
NaOH \o/

[2] (‘3“3 (‘7“3 ?H3 (a)
H3C*S‘i—0*s‘i70*3‘i*CH3 +
CH;  (CH,); CH3
NH,

c‘:H3 CH3 <‘2H3
H;,C*S‘i—O*Si*O*S‘i*CH_;
CHs (CHa)a CH,
N
VRN

H,C CH

] [ (b)
HO—CH HC—OH

|
CH, Hz(l':

H;C-O—(CH,CH,0)n  (OCH,CH)n—O—CHy

Scheme 16. Bolaform Trisiloxane Surfactant

Bola/bolaform trisiloxane surfactant®] % T}
€ de o Zol F9th(Scheme 17)[25].
Scheme 12014 M3t ST to|E EgA=
A AHZGAIRE  Scheme 1694 AT
oligoethyleneglycol monomethyl glycidyl
ether(Scheme 16 [1](@)E 1:1 EH&E=R e
Buistol A w-EAZIE TR HRT7E 7H
EASAE AHSYATE FEH. o] Heol=
Ae717F & 70 o7l il A9
ethyleneglycol®] H7F Z¢m)e 1~3 HkolH
CMCE  246x10* ~ 5.99x10™ mol/Lo]1
CMCollA o] mHAH-2  20.05 ~ 20.66 mN/m
Lot

gk MO 44 ESAEAN TE 7 RO &
T3 "ekeael g Jfe] A oEdI el

AR 7142 AREIAY A 5 A1) 11

= A AUAE oE Zo] ARt
(Scheme 18)[48]. A ©Al= 3—aminopropyltri—
siloxane(Scheme 3)x} oligoethyleneglycol
monomethyl glycidyl ether(Scheme 16[1)E &
Fal gufisto Al ethoxylation®-8-& AJZIth. th
S A= ethoxylated trisiloxane (Scheme 18
[11@)3 bromo alkane(1-bromo-n-butane E
+ l-bromo-n-octane)& 5 |ufje} Fgt
AUEE A SRstaA HHSAIZIE 71 of
dellggtolz dar|et Blud @2 ©@oprart
B25L AHSAA (Scheme 18 [21(b)7F FAH
o}, Butane T+ octane®| AF7|2 F7F It
H  single-trisiloxane  double-tail  surfactant
(Scheme 18 [2](b))Z Lu¥tEQl ZEoH= Ed
A2 AHSAA (Scheme 18 [11(a)el] H]5}e]
Zheafol gt Aol FFHEE. 1 olf=

?H3 (‘2H3 r‘:H3
HngSH*O'S\i*O*SH*GHg + Hzc\-/cn—cHz—(ocHZCHz)n-o—cu3
CH;  (CHp, CHs
+H

(“3”2)2 CH; CH; CHj
“.‘H H3cfs‘i70'3‘i70's‘i7CH3
Ho C=0 CHy  (CHy, CHs
OH |
N—CHy—CH—cH,
HO oH (GHaz  OH (OCH;CHy)—0—CH,
OH NH

c=0

HO
B — OH
HO
OH

OH

Scheme 17. Bolaform Trisiloxane Surfactant

11 ?Hs “3”3 (‘:H3
Hscfs‘ifo-s‘ifo—s‘ifCH3 + Hzc\‘/cH'CHZ*(OCHZCHZ),\‘07CH3
CH3  (CH,); CH; o]
r‘mz CH; CH; CH,
—_— ch*S:i*O-S;ifo-S‘ich3
CH; (CH,), CHs (a)
HlL*CHz‘CH*CHZ

2 ch—(cnz)mcnfal/ OH (OCH,CH,)7~0—CH,
CH; CH; CH;

\ \
H3C*Si—07Si70-S‘i7CH3

CHs (CHa)s CH, (b)
T-CHZ‘(‘:H‘(‘:HZ
(‘in OH (OCH,CH,)7~0—CH;
((‘:Hz)m
CHj

Scheme 18. Double—tail Trisiloxane Surfactant
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44712 F7b Bobge] wet ARBAAL A
Hog a44o] F7SUA 3712 H7tE @
Sarh FA4Ralel Fok ABAGI-0-S)e %
2 ol Bol ofgt QAR wne venhs] o
Rolt48]. webA Z7bshe Geliao] AL
A st spBelel st Aol Ebwct
[49,50]

2.7. Double—trisiloxane single—tail
surfactant

T e a4 EgASAE OF] ¢ e A
F717F B2t ARBAAAE ol" =wmsdlAe
Auy - EAds4E AHSAAA, E=  double-
tail/twin—tail trisiloxane surfactant2}t11% S},
B =B AE  double-trisiloxane single—tail
surfactant2tal e},

T Mo a4 EQAEAF 50 9 Ao A
74 ZgdZetolE 1ol AaNE A4
d Fxe o3 o] ARIH(Scheme
19)[15]. ¢4 ¥rgA  trisiloxane backbonet
polyethyleneglycol glycidyl etherg& HHSAIZ] &
o]7]of| thA] ¥F-2-A trisiloxane backboneg 7}
A7l Aol &9 A @Al= scheme 18
[1]3+ Zo] 3-aminopropyltrisiloxane(scheme 3)
T} polyethyleneglycol ~monomethyl  glycidyl
ether(Scheme 16 [11@)E EF< -&rlistelA
ethoxylation ®H-& AlXIth. o3 WA=
ethoxylated trisiloxane(Scheme 19  [1](a))z}
3~chloropropyltrisiloxane(Scheme 5)& E%41
gujel BFERMGER/KI ZAA ZHEstHA
HrSA17|H AHEAIA(Scheme 19 [2]1(b)7F §
A o] AHEEA EFL AUBAEA (a)
of vlote] spreading ¥ 7HEES] Aol 4
gl I olfre a4l STl wEr &3
HEol AAaE7] gielt ol JEdIetelE
o] B7t 245 S7HNZIE kel QHgAdol
Aot AT 22 olfoltHls]. F oE 4
oz := heptamethyltrisiloxane= allyl
glycidyl ether®t WHSA]A heptamethyl-3-(3-
glycidyl-oxypropyDtrisiloxane& §HAsH thg, ©]
£ scheme 19 [1]olA 4E (9 ¥H-AIA
double-trisiloxane single—tail surfactantE 34

gt [511.

LB g

[1] 3-Aminopropyitrisi + glycidyl ether

CH; CH; CHg
_— H;C*Sli*O'S}i*O'S:i*CH3 @
CHs  (CHp); CHs
Hh‘l-CHz‘t‘:chHz—(OCHZCHz)n-o-CH3

CHy CHy  CH, OH

[
121 H3cfs‘i70-8i707$‘ich3 .
CH3 ((‘3”2)3 CH;

A U
H3;C—Si—0—Si—0—Si—CH,;
\ \ \ (b)
CHj3 ((‘:th CH3
r‘l-CH;fcr{-cnz—(ocuzcuz)ro—cn-u3

?Hg (?Hz)a (‘IH_-,
H307S‘i70'8‘i70'8‘i7CH3
CH; CH; CH;

Scheme 19. Double Trisiloxane Surfactant

T Mo a4 ERAEAN 15 7 Ao A
4 EgoddladtolE IFel A0z A4

FE= et Zol  F/dtth(Scheme
200(52]. AR DA= Scheme 16[11e] whef
polyethyleneglycol monomethyl ether2}
epichlorohydrin= phase transfer catalyst x5}
o ®WrSAlA  polyethyleneglycol monomethyl
glycidyl ether(Scheme 20 [1]1G)& TAIStct
(49 & WA A= polyethyleneglycol
monomethyl glycidyl ether(a)& EZ2]48H
(Na,COy)ell A HH-gA171aL F-7ote] =2 A|Ast
T ERQer FE% O EFAES AASHH
polyethyleneglycol monomethyl diol(Scheme 20
[21(b))eo] et Al WA DA= diol& allyl
chloride(3—chloropropylene)®t NaOHE 1:5:4
EH|-&Z tetracthylammoniumbromide(TEAB) %
xSt REEAIXT § FRSte]  di-allyl
polyethyleneglycol ~monomethyl — ether(Scheme
20 BleNE Leth A v A A=
di—allyl polyethyleneglycol monomethyl ether(c)
9} heptamethyltrisiloxane2  1:2 &HE&Z
Speier's catalystZ2 7St A FAafaMHES Al
7| FHFHor T EAEA OE o
M) H4=7] 1F©] propanetrioxy spacero] <]
of 2" EfAEA AREGA (Scheme 20
[41d)7F 8. A4 Zd3gE ot
=507 84, 129, 2291 AE CMCe
2.75~7.24x107 mol/L H<le]x CMColA 2] &
WAL 21.7~249 mN/m o|th. X540
7V 22 n=8.421 97t 7kl eHgAdol 7t
& FrstrHs2].

A
T
=

77 -



Vol. 34, No. 1 (2017)

[1] scheme 16 [1] — Hzc\‘/cH/(:Hr(O(:H;CH;)n‘och3 (@)

o
CHfC‘chH;*(OCHZCHi)n‘OfcH3 (b)
OH OH

2] @ _HOOH

CH,=CH-CH,
IS ©

[31 (® + H,C=CH—CH,—Cl ‘
GH,~CH-CH;~(OCH;CHz)7-0—CHs

_—

0
|
l CHs  GHs  CHs CH,=CH-CH,
HaC—Si—O—Si—0—Si—CHs
* CH; CH; CHs
CHs CHs L do—di—cn
CH,—CH,—CH, H3C7S‘|70 ‘I ‘I 3
S CH; H CH,

[
@ CHy~CH-CH,~(OCH;CH,)7—0—CH,
)

I
CH,—CH,—CH,
i
HyC—Si—0—Si—O0—Si—CH;

| | |
CH; CH; CHy

Scheme 20. Double Trisiloxane Surfactant

[11 HO—(CH,CH,0)7-H + H,C=CH—CH,—Cl

TeAS H,C=CH—CH,—0—(CH,CH,0);7—CH,-CH=CH, (a)
OH Double-end allyl polyethylenglycol
[2] CH; CH; CH;
H3C*S‘i70—s‘i70fs‘i*CH3 +
G, b oy
(‘:H3 ?Ha
H3C—Si—CHj H3C—Si—CHj
o o
H3C*S'i'(CH2)3*0'(CHzCHzo)n*(CHz)a‘sli*CHa (b)
o 6
H3cfs:i*CH3 H;C*s"ifcm
CH3 CHs

Scheme 21. Double Trisiloxane Polyether
Surfactant

g el A EdolgdaetelE: 15 &
%5 T Ao a4 EfASAE TOFo] dF
H FE= o Zo] R (Scheme 21)
[53]. AWA HAE  polyethyleneglycol allyl
chloride(3—chloropropylene)® NaOHE 1:10:5

EHE2  tetraethylammoniumbromide (TEAB)
ZFu|zstl A WA & AdEs EFA0
gdsty  xZ3} NaClygog  ouks
polyethyleneglycol =} single—end allyl

polyethylenglycol& AH#A38t] double-end allyl
polyethyleneglycol(Scheme 21 [1]1(@)& L&t
294 A= double-end allyl polyethylene—
glycol(a)at heptamethyltrisiloxane& 1:2 &H|&
& Speier's catalyst2A5toll A FAPAI-EE
A7 HFHor Aol A EoEdZ
gtolE 179 4F dd a4 EfAHEL O

AR 7142 AR gAY AT & (A1) 13

o] 944 tiE EHFA EoEHE2 AW
Al(Scheme 21 [21(b)7F AH. 44 of
ddlzZdE 77 25707 849 B% CMCe
2.63x10° mol/L ®¢jol CMCoIAMe] =EH%
g2 20.7 mN/m °|tt. E spreading ¥ 7I4&
P E et A2 o] AEBALA7E Aol
A U dHz widshy] o= wehens3].

N o, Tl

2.8. 7|Et E2AEL AHEYH

2ol ThgRt AFlopel] &EET glon] wbA
A dHeidS ol AEKHow ohefEt
T2 EQAEAN AHS/EAZE ANTEI Sl
oA 7 duEHA 3 EQAEL AREA
A& 971004 Amdet

5 M9 444 EfAEA I5S glutaramide
g 48 Fxe o o] R (Scheme
22)[54].  3—Aminopropyltrisiloxane(Scheme 3)
3 glutaroyl dichloride® &5 &<t
triethylamine ZEA5te] RRSAIZIH E|ASAE
AAZ/dA N,N-bis(3~(trisiloxane)propyl)
glutaramide ~ (Scheme 22 ()7} &AHh
Amino functional siloxane ©]-§3F ThE
0] Hlske] Scheme 22°] MR
o] mildstal &% &2 Wolrh 18y
BAE2 YA triethyleneamine chloridex &
Fllof] gai=A] kot ool s HA AAL
& 9k o] AWMEAA] CMCE 107 mol/L
Aroli CMColAe] EHAZAL 27.25 mN/m
o|ZIFk Fof tigh o7t A2 Zio] wilolrh
ol AR
glutaramide®] ZAdo] =7] ¢7] wiFo|tH[54].

e

=

oo

'L oo ox
fit ofo IN o%

157 4ge s

(‘3H3 (‘3H3 f.‘:H;; (o] (o]
H3C—Si—0—Si—O0—Si—CH3 4 w
\ \ \ cl cl
CHs  (CHa)y CHs
NH,
Glutaroyl dichloride

3-Aminopropyltrisiloxane

CH, ?Ha
H307$IaifCH3 H3C75‘i70H3
(o] (o]
| |
- HSC*S‘I*(CHz)sfn-(CHZ)S‘u—(CHz)rS‘i*CHs
(o] [o]
| (a) |
H{C—Si—CH H{C—$i—CHy
CH, CHs

N,N-bis(3-(trisiloxane)propyl)glutaramide
Scheme 22. Glutaramide Trisiloxane Surfactant
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2573 EYASAE TE 712 butynediol
cthoxylateE® QAT Tx&= o7t Zo] et
tHScheme  23)[55]. Heptamethytrisiloxanex}
1,4-bis(2—hydroxyethoxy)—2-butyne(butynediol
ethoxylate)& 1:1 =H|&ZE Speier's catalystZ7d
I AastollA  FasasteS AZIE
butanediol ethoxylate trisiloxane surfactant
(Scheme 23 (a))7} @4E o AH/HA 9
CMCE 2.56x10™ mol/L HEo]il CMCellA2]
FEAEE 2337 mN/m ©|tH55]. Scheme 23
= Z8oto] EFHAEEAL OFol butynediol
ethoxylateg AT FE2E= 4L &+ U
[56].

SRt 20 ol EFASAE AW
Al EYAEA 50 Aldd dReds 4
ote Zlo|th(Scheme 24)[27,57,58]. A ©AE
3~chloropropyltrisiloxane(Scheme 5)3}
N-methylethanolamine® 1: 5 ZH]&Z HIgA]
trisiloxane ethanolamine(Scheme 24 [1](a))
= R o Al (@F d4te] &ofitt
% o719 methyl chloride 7}AE Fdt] ¥
718 AAE(Scheme 24 [21(b)& 814 o
2 Zheteteth o] HAEo] ol EdAdEA
AR Aol FHAZL 22~23 mN/mP Lol
t}. 2 @A quaternization RFgolA methyl
chloride th41e]l methyl bromide, methyl iodide,
amine/dimethyl sulfate® A& ST Aot
[27].

)

(‘:H3 (‘:H3 (‘:Hs Hzc‘:—czc—(‘:Hz

H3C—Si—O—Si—0—Si—CH; + 0 [o)
ey o owy e, &,
Heptamethyl Trisiloxane (HMTS) (‘:H2 (":H2

o o

Butynediol ethoxylate

(‘:H3 <‘:|-|3 (‘:H3
Hc,cfSi—o—Si—o—s‘i—CH3

> \

H,PtClg CHs CHs
(Speier’s catalyst) HZC—CH:C*CHz
0 g
e G
CH, CH,
on on

Scheme 23. Butynediol-ethoxylate Trisiloxane
Surfactant

LB g

1 (‘:Hs ?Ha ?Ha ?Hs
H3c—s‘,i—o—s‘,i—o—s‘i*CH3 + T—(CHz)rOH
CH;  (CHp); CHs

cl N-methylethanolamine

(".:H3 ?Ha (‘:Hs
—— |-|3cfs‘i—o—s‘i—o—s‘i—CH3
CH; (CHy); CHs @

‘ *(CHz)zfoH
+ CH
2] :
Methyl chloride

?Ha (‘:Hs (‘3“3
|-|3cfs‘i—o—s‘i—o—s‘i—CH3

CHs  (CHp; CHs
- ‘*—(CHZ)Z*OH
CHs

Scheme 24. Cationic Trisiloxane Surfactant

=2 -

EQASA ARBYAL 254 EGURH
%I A%5Y 4 28] AgEel 9k s
4722 wlo] glo] YurAQl Hokra AW
Aok the Eejstetd 43e XL gtk E
AR ARIAA] A4 1FS FAL
ol OeAE YRS BRI} e o
Y719t BlARigel 2 ARA AF uRd E
SASA ARDYAY SR moFelo] 1
1 oa4d ER A oUx ERS A%

=

spreading/wetting St= 5 ¢ S5 AAEA
< e

EGAZA AADGAL] FAdoll oA A
A 89 EfAEAE 4719 golskA A%
A717]1 flsllA+s 28491 octamethyltrisiloxane
[(CH3)3Si—-O-Si(CH3),—O-Si(CH3)s] ] ohd
Si-H-, chloride—
trisiloxane 5 Hh-g/do] 2 trisiloxane backbone
&  o]&sl}y,  gEln ¥RSA trisiloxane
backboneol] 44 T15S ZAAZ7] fleiA=
hydrosilylation(7F4&443HHs), two-step W&
T2 ol&gt. ZAYEHe ALY IFe=
polyethyleneglycol, glucose, A48 YREE 5
Hlo] 24, ofol24 &Sl 3 sSET

amino—, functional

[e]
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ol oJsfiAl, A4=7]et X4=7]
gtEl Oa]t'J HEGAE HZ
A=Y (gemini),
3t el A7|17F = 7H?l bolaform, 2
A4717F 7 7H1 double-
trisiloxane 5 TroFSt sleh iz & 717 EgA=E
A ARSIAE A4S 5 Uk 5o A
ARDGA ] FH TR BAIE diZEsH]
A RS =2 4 EfASARE HE5H
71§13t HR¥E Izl Ik o]FRojz1L
Ut
EGASA AAZEAZE 7R

=935td A wfEof 8o T——
SifiEa gloem wepA a17|EAdat B3ty
< 7K AR FEhx e Hyd 3sh
£ 7H EfASA ARZAAl = AEHeR
e Zog mehEn

=22
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