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Microwave-Assisted Symthesis of Siloxame Quaternary Ammonium Salts
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Abstract: A new and effective synthetic method of siloxane quaternary ammonium salts was presented. A
series of siloxane quaternary ammonium salis were synthesized by reaction of tertiary amine and (3-chlo-
ropropyl) itrialkoxysilane under microwave irradiation at 150 °C ( triethylenediamine, 65 °C). Their

siructures were characterized by LC-MS and PC NMR, and the yields were determined by anhydrous ti-

tration. The advantages of this method are rapidity (1.5 h) and good yields (84% ~96% ).

Key words: siloxane quaternary ammonium salts; microwave-assisied ; synthesis

BHEEES R —FE . KT Y
HERC - mEmEE Y, B ERAT I
HE AW, AR, HN SIS 2 — P
&, TERNEBE TAEPSR Tz, Hep
b 3 B R R R B T R AR e R g L
IS IR, IR — RS Gk R A A
PIALA P P Ia R~ WU ZE b 0 B
JE ANV TE 0 B B 18 B LA i T A 7 SR &
AW EF, HA SR eI T 2015 2
NI R RN 588 o

B WUREZEER 1505 BT — IR LA A
SRR R FER, R R RN T AN
24 ~36 W' P=AR 359, ~70% , R AT 1
VI — AR TS ), G =Bk R DMSO, RN

« WEE B
HEauiH .

2008 -09 -17

BOMBHITE 3h2E 4 ¥ Bh I F
&I

mE ORI R B, 2B, 2%, WA
BRI TR EAE T, TE IR P I Bl R Y
BN J5 8, 7 adk B e TR B A, 7 80 h E
KUYt SO S T 3 o e S VR R i AL,
WLV AR LA S L f 77k, (BN [R]
HEEBHW RN, WL, SIRERY SN T
Wl FEFEAERE . BT, FPRaRE LR

AT 20 4F, R B Y J7 1% BN H T A2 28
B HLE RS R , e E B AR . 4856 SR
W], 86 RE HY [R] I 3L RE A BiHY 32 8 B W e
EA5 Mk, BAPTTL MRS A& T A YIS
JS ST JLF- 5 B WA TSR 9 45 4, 17
ST L RO WA WURE R R & BT YA AT TR S
PR . WA RN R, ELSR A R SRR S

BEIZK “863” HRITEHIWIH (2006AA097446) ; EZR ARG FBITA (20802095) ; H i K=HK

KHE (1976 F4), 2, #Ul; E-mail; zhuxinh@ mail. sysu. edu. cn



% 3 AHESE . BB IE & R MU Z 57

FBCBCHBIE & ML), S o TR ) B RoNsi(CHCl 5. MeOH or E1OH
TN TR R IEA, FiA  rRe T 0w 65-150°C, 90 min
SCRR BT A U LAY, SFiEIE LC- 1 ’

13 VH 4 A\ i 4 377 N R o
MS F17C NMR A7 -& WA RAE, R JCK i ReNi=(CHa)sSIOR|

E T E PR Rs
AICESEU 3 - (ZHARERERE) WEHA 3
itk — A B & AR B RO (B L), 3b: Ry=R5=CHz, R3=(CHy)y1CHy, R=CH,

3¢: Rq=Ry=CHg, R3=(CHy)11CH3, R=CH,CHy

WG T e B ISR A T B BT 8, Xt SRR 30: Ry=R,=CHy, Ry=(CHy)1,CHg, R=CH,CHg

B OBFE BB BT R SRR A - B AR 2o \ or
T Tk, IR Bl SN SRR T e LR /O‘s{o
R A i WN*\\))
MR A (B 2), o
Saneon B2 B A R
(CH3)2N(1C;H2)17CH3 " (CHSO);S;(CHZ):”C’ m.icrowave Fig. 2 Synthesis of siloxane quarternary ammonium salts
HsC,, ) 4 NN
Hsé“,N“(CHz)ssi(OCHs)a Cl 1 21;! %Ql—hb
H3zC(HC)q7 _ _
3a 1.1 3- (ZHEEMRRE) RE+/UREZFE

SAL IR & RS FR Pk

E1 3- (=ZREEEgmi) WE /Ui ]
i " M35 1 SR AT LUE RS RELE 130 ~ 150

AR AR N o ‘ )
Fig. 1 Synthesis of 3 — ( trimethoxysilyl) propyloctade- C 2 RIS, E ARG AP A0 7 2R 3 I B B e R
cyldimethylammonium chloride [P FER (60 ~90 min) THHGHN, HE—2PHEK A

B 22 120 min B, 7222800 BB ARL . [ 58 S

FoU BRI ) B B ) 4 AR - s BB R

Table 1 The effect of temperature, time, volume fraction of reagents and the percentage of solvent by weight on reaction

ppgy  TRPURRERL): o ) /% vmin  RRGEE/C /%"
rCAUE
1 1.3:1 12 90 150 66
2 1.4:1 12 90 150 75
3 1.5:1 12 90 150 89
4 1.6:1 12 90 150 90
5 1.5:1 0 90 150 —
6 1.5:1 90 150 —
7 1.5:1 8 90 150 —
8 1.5:1 10 20 150 66
9 1.5:1 12 90 150 89
10 1.5:1 14 90 150 85
11 1.5:1 12 60 130 a1
12 1.5:1 12 60 140 59
13 1.5:1 12 60 150 80
14 1.5:1 12 60 160 85
15 1.5:1 12 90 145 85
16 1.5:1 12 90 155 —
17 1.5:1 12 90 160 —
18 1.5:1 12 75 150 82
19 1.5:1 12 120 150 91

1) Rpigeft: /e —PIEEAUE (4 mmol) , vy - WNE=P A &S, FEE, MW: 100 W, 130 ~ 160 °C, 60 ~ 120
min; 2) FERIEIIE: TEIKBERIKER P, FRRERRKES IR WO TR AE o



58 ilREEEER (ARBZER)

548 %

IFIE) 2 90 min, - B S R i B X 77 25 ) 52 i) 4 S 5
ZURER, ME— SR RN E % 160 CHE, H
TR B B A B 8 H R AL A Y Y 7 2R S
o FUT, 0T FURHSORE bR 57 FH B 12 B 1
ENIMBIST SRR, Bin b &Y= e R m
FERE S F B RN TSN, (B 2SS R AR
TR RS 151 FE 1. 6:1 8F, F=RRH
WAL VB o 9 12% B, 722 E0E,
W, TR A2 S 2 A S OB A, R E SR AL I
BRLZAE . ORI BE 150 °C, JRLATE] 90 min,
JOBHRCRLEE R b (RN R A b BUR) 1.501,
IR @ 8 12%
1.2 &l s R e il

MR PR, BTERT REREREEMA
PR, SR TS R E R AR R HER R, R
JFH15, 6, 7, 16, 17 XSRS R B FRGS 2
PEERTCENE . EREAMT, PR AR
WY, WLC -MS Hll, FEN m/z: 298 (7
BHRURE) 70313 APR- Mg, I 313 Ab A0 RT B
NLA R\ J e = TR IE B ([ (CH,) 5N
(CH, )y CH, 1" ), 2 W BRI 4% B, C NMR
(CD,0D, 125 MHz) §: 14.5, 23.8, 24.0, 30.8,
33.1, 53.6, 67.9, 5 Wiley Subscription Services,
Inc 38 19+ /\ ek = F L2400 Eh 1Y Bl i R AR AT
RIS — BRI A AP EE IR AT LRSS 1R . TERK
R TF) St R RE (5 7 B[R] 5 90 miin [ B J52 i Vi
JERTHSE T 160 C), SFBEM ¢ KT 10%
IF, ZASEAY s R AR T b\ e B = R R g
o WA, PR SERBIR AR, BIRIZX
BNLR AW YA R, (E N 72 Fp T P v
R LB 1E B =91 b e = R 2 R i A
o

2 Sy

2.1 {UEEEH

AL : CEM Discover AN & LR S ; W
HHEGE BT RE R FH Y . LCMS - 2010A; KPR .
NMR Varian INOVA5S00NB; v — G795k = H 48 JE ik
be, T/\BREE LU, v - ANE = O EEE
fELE: TCTART ALY, - bk — W EBUK: . AC-
ROS; =M. Alfa Aesar; Jo/KFHEE: J7 4L
SR, FHAA BT TR S B RS
M. JoMbEEE T, AR mAR: TNk AR
P BEIROR . FIEWTIABRIANT, AR, 45K
E R AR A R AR, AR,

2.2 L&' 3a, 3b, 3¢, 3d, 3e HIEHL

3a, 3b P& AGEEE: 78 10 mL % SN & R
Ay - ARE =R EEAEL (6 mmol) | FUiE (4
mmol ) | Jo/K FREE (SN BRE M 12% ), A
PirET, BARSR, WENESAHLERFES
B, BTN SN R . W B RO ThE S 100
W, AR RE T, 8 SR i R IR =R R
150 °C, $RIGHE 150 C FHEZE X N 90 min J57, E1k
KN BURAY, TEVKBERRTCKIEEZR T, LIGEMEE
VERTERT, RS RAVKESIRIE IR e, K
YA 7= v TR B B A R 2R b A i

3c, 3d WA AGE D ATGK S EEARHE T K H
BEAERS N, LABH 1k S0 Ak 78 rp s 570 P B 5 ) oy —
QNEE = ATt K B SUNL o A 52 7 2% 4
APEEVE TR 3a, 3b AR EE,

3e AR =2 (4 mmol), y - &AW
BE=HAERREE (4 mmol) , SNRE 65 C, H
sz R A5 RRAE TR IR 3a, 3b A R .
2.3 {k&¥3a, 3b, 3c, 3d, 3e HIEEHASRAE L =5

3a; WEAWE, 30 89% . ESI-MS m/z
461 (M*); "C NMR (CD,0D, 125 MHz) §; 6.2,
7.4, 14.5, 17.2, 23.4, 23.6, 21.3, 30.7,
33.0, 49.7, 51.2,

3b. WRE ORI, F2EN96% , ESI-MS m/z,
377 (M*); "C NMR (CD,0D, 125 MHz) §;
6.4, 7.8, 14.5, 17.3, 23.5, 23.8, 27.5,
30.7, 33.0, 49.9, 51.3,

3¢ WREEWNE, 73R 93% , ESI-MS m/z:
419 (M), "C NMR (CD,0OD, 125 MHz) §:
9.0, 14.7, 18.7, 18.9, 23.5, 23.8, 27.8,
30.1, 33.1, 51.5, 58.1,

3d: IREOWR, F7FK 84% , ESI-MS m/z.
503 (M*);” C NMR (CD,0D, 125 MHz) §.
9.0, 14.6, 18.6, 18.9, 23.5, 23.8, 27.7,
30.8, 33.1, 51.5, 58.2,

Je: HEEWE, WMo WM, ™% 90%, ESI-
MS m/z; 275 (M*);” C NMR ( CD,0D, 125
MHz) §: 8.1, 16.7, 46.1, 53.3, 67.4, 53CHk
ol —3,

34 i

ASSCHE T LARURE R N B fik e b RORE, R
FHICH A Bl v i =& BLA DLk 2= 4R 5 9 07 vk
G R BN, Lo b 12% WP EED 2 BEEE 5,
FERGE R I 2T, R NFE 150 °C (=L E



53 3

B . O B S A L ZR R 59

fiit, 65°C) TRFTRNNL.5h, FRATLAEH]84% ~
96 % ) 78 7 FR Y EUAR ™0 o 5338 T R B 9
ST YEAR LG, A BY 96 BT I SORE I ()2,
RE, PREARR, THE. B, MR
WA W R, 207 A B ol AR ™
FARRITZ BN . BT A U R B R 2R B
2, RICHABET H ISR R AR, X T
S BRI SN K DL IR TARIRTE BT

BIE T

[1] ISQUITH A J, ABBOTT E A, WALTERS P A. Swiface-
bonded antimicrobial activity of an organosilicon quaterna-
1y ammonium chloride[ J].. Applied Microbiology, 1972,
24(6) . 859 - 863.

[2] RAAB K, BENDER W. Antimicrobial siloxane quaterna-
ry ammonium salt formulations, their preparation, and
their use[ P]. German Patent: DE 19928127C1, 2000
12.

[3] MURATA H, KOEPSEL R R, MATYJASZEWSKI K, et
al. Permanent, non-leaching antibacterial surfaces — 2;
How high density cationic surfaces kill bacterial cells[ J].
Biomaterials ,2007,- 28 (32) . 4870 —4879.

[4] KLEIN S E. [3 - (Trimethoxysilyl) propyl ] didecylmeth-
ylammonium salts and inhibiling growth of microorganisms
thevewith[ P]. US Patent; 4394378, 1983, 4.

[5] MIRANDA P B, PFLUMIO V, SATJO H, et al. Chain-
Chain interaction between surfactant monolayers and al-
kanes or alcohols at solid/liquid interfaces[ J]. J Ameri-
can Chemical Society, 1998, 120(46) ; 12092 - 12099.

[6] MEHTA P V, RANKA A I Ionic organosilicon com-
pounds and compositions thereof [ P ]. Indian Patent:
2006MU01070, 2006.27.

[7] GRUTTADAURIA M, RIELA S, APRILE C, et al. Sup-
ported ionic liquids. New recyclable materials for the L-
proline-catalyzed aldol reaction[ J]. Advanced Synthesis
& Catalysis, 2006, 348(1 + 2): 82 -92.

[8] KAWAMURA M, SATO K. Magnetically separable
phase-transfer catalysts [ J]. Chemical Communications,
2006 (45) ; 4718 —4719.

[9] FUJIIK, HAYASHI S, KODAMA H. Synthesis of an Al-

kylammonium/Magnesium Phyllosilicate  Hybrid Nano-

composite Consisting of a Smectite-Like Layer and Or-

ganosiloxane Layers[ J]. Chemistry of Materials, 2003,

15(5): 1189 - 1197.

MATSUI K, SANDO S, SERA T, et al. Cerasome as an

Infusible, cell-friendly, and serum-compatible transfec-

[10]

tion agent in a viral size[ J]. Journal of the American

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Chemical Society, 2006, 128(10) ; 3114 -3115.
KATAGIRI K, HASHIZUME M, ARIGA K, et al.
Preparation and characterization of a novel organic-inor-
ganic nanohybrid " cerasome" formed with a liposomal
membrane and silicate surface[ J]. Chemistry-A Euro-
pean Journal, 2007, 13(18) . 5272 - 5281.
BROR, BWVE, B E bR A RS N
(3], FHLEERIRL, 2003, 17(4) 5 16 -19,
AN Qiufeng, XIAO Liping, HUANG Ling. Synthesis &
applications of quaternary ammonium silane[ J]. Sili-
cone Material, 2003, 17(4): 16 —19.
WIE, W, BRI v - [N AR T
PSR H VAR BT SE [T ] Al 2 TR 24,
2007, 21(4) : 640 —644.
XU Qing, JIANG Bo, ZHAN Xiaoli. Study on solvent
effect on quaternization of -y-chloropropyl trimethoxy si-
loxane[ J]. Journal of Chemical Engineering of Chinese
Universities, 2007, 21(4) . 640 — 644,
KA, slde, — g HLaE R A i
k[ P]. FPEER . CN1792158A, 2006. 6.
LIU Shaojie, SHI Xiachua. Method for preparing orga-
nosilicon quaternary ammonium salt bactericide [ P ].
Chinese Patent; CN1792158A, 2006: 6.
SHIOZAWA K, KASHIWAZAKI 5. Trialkyl( trimethox-
ysilylpropyl) ammonium halides[ P]. Japanese Patent:
JP61005086A , 1986 4.
ZABLOTSKAYA A, SEGAL I, BELYAKOV S, et al.
Silyl modification of biologically active compounds. 11.
Synthesis, physico-chemical and biological evaluation of
N-( trialkoxysilylalkyl) tetrahydro ( iso, silaiso) quinoline
derivatives [ J ]. Applied Organometallic Chemistry,
2006, 20(2) : 149 - 154.
MEBES B, LUEDI C. Preparation of baciericidal tri-
alkoxylsilylpropyl quaternary ammonium salts[ P]. Indi-
an Patent: WO8706587A1, 1987.18.
ROTH C, SCHOENEWERK J, BOETTCHER H, et al.
Bio-film-inhibiting protective layer containing silica nan-
oparticles[ P]. German Patent; DE102004028543 A1,
2005 .7.
BT, 5, BARS. WA ILE Al 5 ol kR
L], &Rk, 2002, 10(1); 17 -24.
LUO Jun, CAI Chun, LV Chunxu. Recent development
of microwave-induced organic reaction chemistry [ J].
Chinese J Synthetic Chemistry, 2002, 10(1) . 17 —24.
GIMESI O, RADY G, ERDEY L. Determination of
quaternary heterocyclic ammonium bases and their salts
in glacial acetic acid[ J]. Acta Chirwgica Academiae

Scientiarum Hungaricae, 1967, 52(4) . 343 - 348.



