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ABSTRACT

Using Michael Reaction, commercially available 3-aminopropyltrimethoxysilane and N-[3-
(trimethoxysilyl)propyllethylenediamine were reacted with various Michael acceptors, ethyl
acrylate, acrylonitrile, acrylamide, 2-cyanoethyl acrylate, 2-hydroxyethyl acrylate and
3-(trimethoxysilyl)propylmethacrylate, to the new aminosilanes. All compounds which are
[3-(N-2-carboethoxyethyl)aminopropyl]  triethoxysilane,  [3-(N-2-cyanoethyl)aminopropy!]
triethoxysilane, [3-(N-di-2-car-boethoxyethyl)aminopropylltriethoxysilane, [3-(N-di-2-cyanoethyl)
aminopropylltriethoxysilane, {3-(N-2-cyanoethoxypropionyl)aminopropylltriethoxysilane, [3-(N-
di~2~cyanoethoxypropionyl)aminopropylltriethoxysilane ,[3-(N-di-2-hydroxyethoxy propionyl)
aminopropylltriethoxysilane, [3-(N-2-amidoethyl)aminopropylltriethoxysil-ane, {3-[N-(N-di-2-
cyanoethyl)ethyllaminopropyl}triethoxysilane and {3-[N-(3- trimethoxysilylpropyl)-
2-methylpropionyllaminopropyl}triethoxysilane were succes-sfully prepared in 35-70% yields
and which were identified with "H-NMR and FT-IR spectroscopy.

= g

Michael Reactiong o]&3le AdHoz o4 7Ps3t APS(3-aminopropyltrime thoxysilane) 3%
AEAPS(N-[3-(trimethoxysilyl)propy!lethylenediamine) & T2l Michael acceptor(ethyl acrylate,
acrylonitrile, acrylamide, 2-cyanoethyl acrylate, 2-hydroxyethyl acrylate 28] 3-(trimethoxysilyl)
propylmethacrylate) @t 8F8-A1#4 10 %52 aminosilane ([3-(N-2-carboethoxyethyl)aminopropyl]
triethoxvsilane, [3-(N-2-cvanoethyl)aminopropyl]triethoxysilane, [3-(N-di-2-carboethoxvethyl)
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aminop-ropyl]triethoxysilane,

[3-(N~-di-2-cyanoethyl)aminopropylltriethoxysilane,

[3-(N-2-

cyanoethoxypropionyl)aminopropylltriethoxysilane, [3-(N-di~2-cyanoethoxypropi~onyl) aminopropyl]

triethoxysilane,
amidoethyl)aminopropyl]triethoxysilane,

[3-(N-di-2-hydroxyethoxypropionyl)aminoprop-yl}-triethoxysilane,
{3-[N-(N-di-2-cyanoethyl)ethyl]

[3-{N-2-
aminopropyl}

triethoxysilane, {3-[N-(3-trimethoxy-silylpropyl) -2-methylpropionyllaminopropy!} triethoxysilane
& 35-70% FE2 AxsHoH, o)59 FzE 'H-NMR & FT-IR spectroscopy& ©)-8&ho] ol
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£ Ao AMEE BEEL yhgol AREElY] Aol
oA ARkl ALgElg o Zizbe] B4

23 2tk 3-aminopropyltriethoxysilane,
bp 217TC, ethyl bp 99T, N-[3-
(trimethoxysilyl)propvllethylenediamine, bp 14
6°C/15mm, acrylonitrile, bp 77°C, acrylamide,
bp 125C/25mm, 2-cvanoethyl acrylate, bp 108
T/12mm, 2-hydroxyethyl acrylate, bp 90~92C
/12mm, 3-(trimethoxysilyDpropyimethacrylate,
bp 1907C, acrylamide mp 84~867C. AMEH® guf
= U 22 o g AxEle ukgol o]Rsly
o} methylene chloride® acetonitrile® CaH»&
7FlaL 24A13F /A oS SRSk AMEERR,
toluene TS ¥ BFAIZ oS S5
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BYMEM 7tsdUE M22 AEVIE e Amincsilane M Z=ofl B8 AR(1) 49

metal ZAslAA 2427 B/ AZ] oS SHIA
AR Whge] IPAHEE Merck  TLC
(Kieselgel 60 Fuzs)& ©}83t ninhydringde s
HFA)A HRS-S monitoring  BFFT, ¥RSE AIA
o BT Merck silica-gel(70~230mesh) &
0]23} column chromato -graphy$ EZF Wt
He  o]&84, eluent2E n-Hexane/ethyl
acetate B  methylene chloride/MeOH E3HE
gujg AMgElgch Beld ANES 'H-NMR o
FT-IRE AMgste] 722 83th 'H-NMR
spectrum-2 Brucker FT-NMR spectrometer
200AC model(200MHz)E ol-&3t] &3 on,
TMS(tetrame-thylsilane) & internal standard®
ARE-Etd 2} peakE  s(singlet), d(doublet),
t(triplet), m(multiplet)22 FAEYck IR
spectrum< BIO-RAD Division®] FTS-60
spectrophotometer® o8&l ZEAslgy, &
peakE s(strong), m(medium), w(weak)Z FA]|
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{3-(N-2-carboethoxyethyl)aminopropyl}triethoxysilane
(el Az '

AA®  3-aminopropyltriethoxysilane 2.2g
(10mmol)E 50ml round bottom flaskel ¥ 4
&(25~28TC)ellA mEHA] ethyl acrylate 3.0g
(30mmol)& AA38] 7k o Al EH71E /A
AN 20A12F BQF WAL WSES 7
FEAA FHEA EFE AAS oS MO/
MeOH(20/1)8lE ©}-83t silica~gel column
chromatography 3t A4S B3l 24 5%
ARl o ARAIA B oil HES] BHE 1.99¢g
E 62%9] &2 A

IR(neat) 2900(s), 1720(s), 1220(m). 950(m) cm’"

'H-NMR(CDCly) 8 062(t, 2H), 1.25(q, 12H),

1.50(br s, 1H), 1.60(m, 2H), 2.53(t, 2H),
2.65(t, 2H), 2.87(t, 2H), 3.82(q, 6H),
4.15(g, 2H)

{3-(N-2-cyanoethyl)aminopropyljtriethoxysilane(2)2}
A=
¥ 3-aminopropyltriethoxysilane 2.2g

(10mmol)E 50ml round bottom flaskel] B3 4+
2(25~28C )M WP AA  acrylonitrile 1.6g
(30mmoDE A3l 717 o A4 EY7IE /A
BHEA 20417 B RRSAIFTE HRSES ZStSlel
TEAA 44 238 AAT ¥ MC/MeOH
(20/1)2uE o]83}9 silica-gel column chrom-
atography3tdd AAES Eelsin Y AR
e AXRAA B4 oil Feje| 5HE 1.3gE 63%
9 FE&2 ALt
IR(neat) 2950(m), 2210(s), 1220(m), 980(m) cm*
'"H-NMR(CDCly) & 0.65(t, 2H), 1.25(q, 9H),
1.42(br s, 1H), 1.61(m, 2H), 252(t, 2H),
2.65(t, 2H), 2.93(t, 2H), 3.83(q, 6H)

[3-(N-di-2-carboethoxyethyl)aminopropyl]triethoxysil
ane(3)9] A=
AAF  3-aminopropyltriethoxysilane  2.2g
(10mmol)& 50ml round bottom flaskell Y1 4
2(25~28C)ollA] uy¥EPAA ethyl acrylate 3.0g
(30mmoDE AA3] 71t oy A% EH7IE A
BPEA 60T oA 10A17F B7F ¥hGAIZTE vheE-S
ksl FEFAA IEY EALE AAT o
MC/MeOH(20/1)-80& ©]-83l silicagel column
chromatography 3t AAE-S st 3¢ 55
Al o ARAA M oll FHY BXHE 2.15¢
£ 52%9) 482 It
IR(neat) 2900(s), 1720(s), 1220(m), 950(m) cm’
'H-NMR(CDCly) 8 0.61(t, 2H), 1.25(q, 15H),
1.80(br s, 1H), 1.55(m, 2H), 2.43(t, 6H),
2.78(t, 4H), 3.85(q, 6H), 4.13(q, 4H)

[3-(N-di-2-cyanoethyl)aminopropyl]triethoxysilane(4)
o] Az

A#E  3-aminopropyltriethoxysilane  2.2g
(10mmol)& 50ml round bottom flaskel] @i
2(25~28C)ollA  wyks}AA  acrylonitrile 3.0g
(60mmol)E AA3] 71 & A4 971§ #A
A 60T oA 20A1%F B RESAIZTE WhSES
skl FwEAA WY EEE AAS o
MC/MeOH(20/1)8&}&  ©]&3}d

column chromatographyste] MAES Eajsia

silica-gel
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2 F5A7 o A2AA B4 oil FEjY 23
B 213gE 65%9) $82 Irh
IR(neat) 2950(m), 2210(s), 1220(m), 980(m) cm
'"H-NMR(CDCl) & 0.65(t, 2H), 1.25(q, 9H),
1.61(m, 2H), 2.52(t, 4H), 2.65(t, 2H), 2.93(t, 4H),
3.83(q, 6H)

[3-(N-2-cyanoethoxypropionyl)aminopropyl]triethoxy
silane(5)2] #ZF

A 3~aminopropyltriethoxysilane  2.2g
(10mmob)E 50mi round bottom flaskell ¥ 4
2(25~28C) A WRESIAA  2-cyanoethyl
acrylate 3.75g(30mmol) & AAjs] 7}3 ohg
EANE FASEA 2047 S w2 AIF
SES ZALE FFAA R BHE AA
$F o} MC/MeGOH(20/1) 8705 ol-83l silica-
gel column chromatographydte AAES i
3k 2 FEAZ g2 AZRAA 84 oil Heje
E3E 1.56g% 456% 2 82 4ok
IR(neat) 2950(m), 2210(s), 1730(s), 1220(m), 980(m) cm "
'H-NMR(CDCly) & 0.60(t, 2H), 1.25(t, 9H), 1.55(m, 2H),

1.85(br s, 1H), 2.48(m, 4H), 2.75(m, 4H),

3.83(t, 6H), 4.32(t, 2H)

= b

o

[3-(N-di-2-cyanoethoxypropionyl)aminopropyl]trietho
xysilane(6)e] A=

HA¥  3-aminopropyltriethoxysilane 2.2g
(10mmol)E 50ml round bottom flaskel} 21

A2(25~28C)ollMd  wukspEA  2-cyanoethyl
acrylate 7.50g(60mmol)& AA3] 715k o A
9718 FASHEA 60ColA 10417 E9F ¥h3-A)
Ak VSES I sE5A1A ey 24
AAF e MC/MeOH(Q0/1)EWME  o]&8ld
silica-gel column chromatographydte] A143E-8
T8 Y FA U 1E:AA 8 ol 8
Bl BEXE 1.89g8 40%2 88 4y

IR(neat) 2050(m), 2210(s), 1730(s), 1220(m}, 980(m) cm
'H-NMR(CDCly) 8 0:65(t, 2H), 1.25(q, 9H), 1.53(m, 2H),

2.30tm, 6H), 2.75(m, 6H), 2.83(t, 6H), 383(t, 4H)

[3-(N-di-2-hydroxyethoxypropionyl)aminopropyl]triet

hoxysilane(7)&} A=
AA¥  3-aminopropyltriethoxysilane  2.2g
(10mmol)& 50mi round bottom flaskel] ¥ 4
2(25~28T)ollA  wHbEPAA 2-hydroxyethyl
acrylate 3.5g(30mmol)& AA38 7} oS AL
718 FA8HAA 20417 Bt whgAlATh whe
S skl sEA1A e 245 AAS oL
MC/MeOH(10/1) &9} & 0}-8-3} silica~gel
column chromatographydted A48 R2|3ln
A FEAT O ARAA 84 oil el B3
2 159 & 3% &8 AUtk
IR(neat) 2950(m), 1710(s), 1220(m), 980(m) cm’
'H-NMR(CDCl3) 8 0.62(t, 2H), 1.25(q, 9H),
1.55(m, 2H), 2.53(m, 6H), 2.79(t, 4H),
2.87(t, 2H), 3.85(m, 10H), 4.25(m, 4H)

[3-(N-2-amidoethyl)aminopropy|]triethoxysilane(8)2]
Az
AA¥  3-aminopropyltriethoxysilane  2.2g
(10mmol)@}  acetonitrile 30mlE 50m! round
bottom flaskell ¥i A-2(25~28T )04 wrkst
HA acrylamide 2.0g(28mmol)& A8 713+ t}
o AL EH7IE AASEA 2043 B wkeA
Ak WSES Y FEAA A BAS
AAZ the: MC/MeOH(10/1)4w)E  o]&3ly
silica-gel column chromatography st AMAdES
et ] &AM o AxAlA @4 1A
Helel BXE 001gE 32% 9 $88 JUh
IR(neat) 3300(m), 1680(s), 1600(m), 1430(m),
950(w) cm '
'H-NMR(CDCly) & 0.62(t, 2H), 1.24q, 9H),
1.60(m, 2H), 2.25(br s, 1H) 2.42(1, 2H),
2.60(t, 2H), 2.75(t, 2H), 3.83(m, 9H)

{3-[N-(N-di-2-cyanoethyl)ethyl]Jaminopropyi}triethox
ysilane(9)2] =

AAE  N-[3-(trimethoxysilyl)propvllethyle-
nediamine 2.2g(10mmol)& 50ml round bottom
flask ol &&(25~28TC oA mrElHA
acrylonitrile 6.0g(110mmol) & AAJs] 713 e
A4 9718 FASHEA 20413 B9 wgAIZ T

iy



H2# M3%, 1998 12

ASMBM JHsMUE M2 8IS ZE Amincsiane M=ol &3k AR(1) 5]

WRSES 7RISkl wEAA HUAE EFE AAT
ke MC/MeOH(10/1)-801& o} &3t silica-gel
column chromatography3dtd AAES Eelsin
79 H2AZ 9L ARAA 84 ol HElY EF
¥ 2.13gE 65%2] F&2 A
IR(neat) 2950(m), 2210(s), 1220(m), 980(m) cm’
"H-NMR(CDCL) 6 0.63(t, 2H), 1.57(m, 2H),
1.85(br s, 1H), 2.48(m, 4H), 2.65(dd, 2H),
2.76(t, 2H), 2.96(t,2H) 359(s, 9H)

{3-[N-(2-trimethoxysilylethyl)methacrylJaminopropyl
}triethoxysilane(10)2] A=
AAE  3-aminopropyltriethoxysilane  2.2g
(10mmol)E 50ml round bottom flaskol} ¥ 4
2(25~28TC)ellA mRFEPAA] 3-(trimethoxysilyl)
propylmethacrylate 7.45g(30mmol)E& A A3} 7}
3 o2 dd: BEHVE FASMEA 6041 T
AT WSES AUt EAA HEA
E2de AAT o MC/MeOH(20/1)2"FE ©]
83t silica-gel column chromatography &<
BRES Bty B #FAZ U AEAMA
84 ol Hele) BHE 1278 2% FEE
A}
IR(neat) 2900(s), 1720(s), 1220(m), 950(m) cm’
'H-NMR(CDCl) 8 0.71(m, 4H), 1.25(m, 2H),
1.82(m, 5H), 1.93(d, 3H), 3.57(s, SH),
3.85(q, 6H), 4.13(t, 2H)

3. g A A=

aAmRow FAANAN AYAE filler2 AREE
t o7k AEHAI(AP, ammm-onium nitrate,
RDX, HMX %)¢ binderAlele] ZAFHE Z7t
A7e S shedl AstA9) binderd] F el
wet deiERe AgAY AHgEn Y9 olE
ARAEY TRE IA 7Y, S5 S
539 Nz AES & & UAe AEIE @A
2 YAY, 2xH AMFA A/, acid-base
interaction, wetting and surface energy effect

E Y F AT 7E TLE FHE F Jded

amino-silane®] ZA-%dl¥= amine”]9} basicity 9F
nucleophilicitysl] =& & ¥k 2 2318 Ag
o] 93} A M acid-base interaction, 7] binder
networkell FAE F4A%te @3 gz
alkoxysilane®] 7FrEa] F A silanol7]l
93l 424% 2 siloxanedA Wg Fol AEA
TE 24 ANARA g8 2A 79se A
o2 gogrn) gebs] B G0 aminosilane
9 alkoxy7]E FASAA amineZlo] AZF 2
£718 7IXE X718 EgegA FAAAA
binder$} fillerAlole] AFEd] ojH J&Fg |3
EAE LolE A ester, nitrile, hydroxy,
amide 9] Z&718 719 aminosilaned] =Y
Aok oldEe ANEE FEVE EFse
aminosilane®] A=z #F} Bue Ao URH
o A gemz Yk AzE WNEE VxR
e 2 Ao HEEd A F27AE NLEHAE
Ak,

Amino silanes®] amine?)lE X%59 amine”l
BHoh=s ¥kAo] R B43E o|5ART vk
3}y functional-alkylated aminosilane®E ¥&

At

RNH, + CHy = CH-X ——— RNHCH,CH2-X

where X
1. ethylacrylate - COOCqHs
2. acrylonitrile -CN
3. acrylamide - CONH;
4. cyanoethylacrylate - COOCH;CH3;CN
5. hydroxyethylacrylate - COOCHCH>OH
6. 3-trimethoxysilylpropyl-methacrylate

- COOCH:CH:CH,Si(OCHs)3

3- Aminopropyltriethoxysilane®} N-[3-(trime-
thoxysilyDpropyllethylenediamine® &322
o] ofg] JIR B3l o)FFYT WRAIA
functional-alkylated aminosilane® 98 4 AN
£ w274 wle}l monoalkylated, dialkylated
MBS 98 + Ugck ¥E-2  toluene, MC,
acetonitrile, THF $& AMSAY &uligle =3
(neat)pell A AAEFG 2, acetonitrile®d 722 =
A4 8§ AESIAY HRRETt @ Afele
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Table. 1. MEZ2 Silanes M= =4 ¥ &A@

mole ratio g of HHS2Z(TC) | 3AZHHR) | 8(%) | & H)
silane 1 | APS/EA (1/3) neat t 20 62 o A
silane 2 | APS/AN (1/3) neat r 20 63 oA A
silane 3 | APS/EA (1/3) neat 60 10 52 o A
silane 4 | APS/AN (1/6) neat/MC 60 10 65 & A
silane 5 | APS/CEA (1/3) neat Tt 20 45 o
silane 6 | APS/CEA (1/6) neat/MC 60 10 40 4 A
silane 7 | APS/2-HEA (1/3) neat/toluene rt 20 35 oA A
silane 8 | APS/AA (1/3) acetonitrile Tt 20 32 I A
silane 9 | AEAPS/AN (1/10) neat/MC rt 20 65 oA A
silane 10 | APS/TMSPMA(1/3) neat/MC Tt 60 27 of A

*

APS( 3-aminopropyltriethoxysilane), EA(ethylacrylate), AN(acrylonitrile), AEAPS(N-[3-(trimethoxysilyl)

propyllethylenediamine), CEA(cyanoethylacrylate) 2-HEA(2-hydroxyethylacrylate), TMSPMA(3-

trimethoxysilylpropylmethacrylate) AA(acrylamide)

mono-alkylated 3/3%o] FAZE0] =i, BI=A
BlE  ARRSIAU W ewrl FSdele  di-
alkylated AAEE F=2 4T F UMk Di-
aminosilane?] AEAPSQ 7l 23 amineX
t} 1% amine®] ¥FEAo] Fo} Fedl EAsk= 1
2} aminef|A] ¥hgo] F2 o]RojRE HoR Wt
=th Alkoxysilane®] alkoxy7he 2o Wzskd
A2 M FEo] EAEIE f4A BI=EEE Az
2 g AREsiYon dAh Ee YTk FlA
Hhe-g AgY3le] F1EEE Hugte s Atk
oz g2 XA BH-S YA FAE 8
orslm ¥ 13 gtk

AR REa/AAe AZTEHY silica-gel
column chromatographyE ©]&3&9lew], iRy
9] A% AFEHF Fol AYEC] Ral=Ee A
o] WAt silane 13} silane 2 °)¥ollE NEE
Fhies AHES ¥8 F e, o 1=
g ZA(150TC olh3tella] BAHEo] Dol &gt 2
AEE-E 3t wstEziez weEth  Column
chromatography oz MAdEg Fsd o4
B} $go] Rolxles Aol dehs=d], e &
2] T=3d| AAEo| silica-geloll 28t alkoxy”]

5 4987 TEERiEY AAAHeR AAHEY 48
o} Ast Utk

4.2 B

Hacid), @7base) B F-&ol A L3=E 4
HE z'= alkoxyaminosilane 313E-S 45l
o)2A%S ¥FFslm Y Michael acceptors} ®E
L A}A ester, ni trile, hydroxy, amide$} 22 A
28 F871E ¥ U= AMEL aminosilanes
10878 AZ3Y. £ d7oM g vhgxd
2 2el/AA WEE ol8shd 418 silaneAlE
of i f-8% Zoz Y, olefzle] AdE
3hee) AgA 2 I3 AMAARA Y] BFE Po}
17 33t A 283 Afo|ct

= 7

o] =BG sked] F)7IRMY] £48 & A
MRS MR A7 oA ZA=YUT:
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