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MIEEM: . RS R ZRE LS R, WPUF AR TS EIRIE N 11 ym, (RSNIUE WPUF MIBFINHEECH 36.21,
5 B G A 2

KR WAL EEE; UVABDGH; EIREE; Roets; dMdtt; shaebiet

FESES: TQ65824  CEFFFIRE: A  XEHS: 1003-5214 (2023) 09-1934-09

Chalcone derivatives graft-modified polysiloxane UVA filters
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(1. School of Chemical and Materials Engineering, Jiangnan University, Wuxi 214026, Jiangsu, China; 2. Key
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Abstract: Chalcone derivatives (E)-3-[4-(allyloxy)phenyl]-1-phenylprop-2-en-1-one (Blank-Cha), (£)-3-[4-
(allyloxy)phenyl]-1-(4-hydroxyphenyl)prop-2-en-1-one (Oxhydryl-Cha) and (E)-3-[4-(allyloxy)phenyl]-1-
(4-methoxyphenyl)prop-2-en-1-one (Methoxy-Cha) were firstly prepared. Then, polysiloxane UVA filter
(WPUF) was synthesized by grafting Methoxy-Cha onto polymethylhydrosiloxane chain via silica-
hydrogen addition reaction. The chemical structures of products obtained were identified by NMR, LC-MS
and FTIR, while the properties of WPUF were analyzed by UV adsorption spectrum. The effects of
different substituents on the UV absorption properties and cytotoxicity of chalcone derivatives were further
investigated. The results showed that the chalcone derivatives and WPUF were successfully synthesized. All
chalcone derivatives exhibited a molar absorbance coefficient>10000 L/(mol-cm), and Methoxy-Cha
showed the least cytotoxicity. The chemical structure of WPUF did not change after being stored in the dark
for 6 months and heated at 90 °C for 12 h. The loss of UVA absorption capacity was only 30.46% after
being exposed to simulated sunlight for 240 min. Moreover, WPUF did not exhibit cytotoxicity at a mass
concentration<250 mg/L. In vitro penetration test revealed that an average penetration depth of 11 pm in
the stratum corneum of WPUF. Sun protection factor of WPUF determined in vitro was 36.21, which was
comparable to commercial sunscreens.
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FHOE SR AR Y i T AT SR AT, Pl R Ak
(UVA X 320~400 nm I EE =22 H i 54N (UVB )
(290~320 nm) 4 15 £5, 38K HY Bz Bk 205 fiE 7 4l

UVA £ 5 8N EZ 2, R R s 2k, &%
AR AE Y, UVA BB AR TR AR N2 5 i 1) fie
FREA T o (BB BB 0 7= 5 6 UVA I BEER (IR 1
P LA A2 A g AP R R S S UVA 1Y
YK ZnO JURLAR TG Dl T I 32 2R, 48K
ZnO AL B R TR 2 1l B I LIS 2 3201 TR
b, LB ARG 50 258 2 IR F b 4 i A i, i 7 A
MR MELL DR B4 B4 DRI 78 43 ) UVA Bl
TAN NG FAE LB I E R Wt A ARG B
WATRE = AR R A B O BRI A
FRRA Y U S5 /555 F AT AE Y 24
Claisen-Schmidt S I fE& WA B-ER A7 4= 19, £
FEEAHAE AR . PR MPLE 2yt 18 4
K Z4E b T HAp AR IS PR BF 20T LUCTA 45024
W5 & B, A B AT A= 0 AE 45 A X 340~390 nm i [F]
A SR IS , 754 UVA JEJEHIZR . (H A HER 45
Y a,B- AR 5 Z A K A [ 2+ 271 00
B (SRR ACASHR RN ) T80 UVA WIRRE F1 78
60 min PITHAP28 B LA A B AR A g5 Y
W, ARG PERE W RE o O FE L, A EE S
& A EARH eSS A I RO
AR ILTARE, WASG % Tt &l g s v
MR BrLL, AT A A EEER )5 S Bk s R A
O A R T AT, WS PEREIE Y UVA Ik
I

Sk 1) A T 1 2R A IR SRR, R R L
M, 2 CHISR A Williamson ik 4 5 F1 Claisen-
Schmidt JZ v P A5 32 2k A i A Bl AT A= 90, e 2 H-
AR S| AT E I, AN RIS 3 5
SN R A B ERE I L, AR UVA &5
TUEEH WPUF, T RGN ST, DI 5]
7E UVA WIie . fase ik | Wit fnde vk % i
PEREAL 5 1 A ELER &L, B Rl B H UVA 38t
FITF R ALAL B S %

1 LIGES

11 RFI5MEE

XPERFER I | 3-INM . oK KyCOs. oK
Na,SO,. AL Xt R LT | X6 FAR 2K 2T
AR, FHERTRL T AR B A FRA ] 5 AEIR S
KEY) . VEMEEE (MTT) | eB 4. S-BRILVOLE,
AR, LR A I A BR A R 5 JOKINER . K
L FE. NaOH. mhifh 80, SpuMs. wkeEhie . —HIJE

WA (DMSO) | it “H JLW K [ DMSO-ds,
AR U Sk e (TMS) ) | AR & (CDCls,
T TMS) , AR, EZERLFARARAR; &
A 0.75%M % EhE (PHMS ) , Tolkg%, 4L
FeR A OLREA R A E ; AR B ( APEG-400) |,
T g%, VLo % AL ) ; DMEM Eli ks 7R3k,
WmREh g iAW (PBS, pH=7.4, TI&) , JA4i
W, FEECCH R (R ARAF; HAEER
HER I CUFR, AR, g7 s pk A AR e A B
oyl BREERE-15, fr 2t BRI E LR (DSM) ;
EETFK, HE; AKELATIE KM ( HaCaT
i), P ERER DA, AT EAOG
£, B, LBHHIRTY.

AVANCE I HD 400 MHz %348 B
i+ Bruker /A ) ; Nicolet 6700 45 5 L H-75
LLANETEANL, 25 E FEBR R R B A R A A
UV-1800 2£5b-7] WAt EE T, HE AOE A+l
MALDI SYNAPT G2-Si MS &/ #E R i, 3
Waters /3 ) ; Synergy H1 FiFR{L, 38 [E BioTek X%
AIRAW ; CM1950 BV AL, RRBMARS (-
1) A MRAF; TCS SP8 oG A Wi,
[ Leica A1 ; UV-2000 4MNEAHHL (AL
i3 PMMA # ) , REEIOCFARAF; 230 v
(300 W) LK FHAT, #8[E Osram BRBHA PR Ao
12 XWAHE
1.2.1 & F-BRA4T A& 0 A%,

] 100 mL FCA HUMSHETE . MIE R BEE 1 =1
BN AR IR EE (12.2 g, 0.1 mol) , Jo/K
K,CO; (13.8 g, 0.1 mol) , JG/KPNHEI 50 mL, $iiff
JnAIEE (56 °C) Jo, BTN 3-5 N (12.1 g,
0.1 mol) , PRFFEIGE N 8 ho LR JGRE EE
M, TIERR L KoCOs, ZEIRIEA MR 45 I8 I 5 15 2
7Y, FJEK NapSO, TG, #E2ATaifh ™= [ Uk
WHIH M(CRRCTER) + V(=1 : 4] , 131K
(B IIRAR 4-IR T AR (1), IO 72.3%,
"HNMR (CDCl;, 400 MHz), J: 9.88 (s, 1H, O=CH),
7.87~7.79 (m, 2H, Ar—H), 7.06~6.98 (m, 2H, Ar—H),
6.05 (m, J = 17.2 Hz, 1H, =CH), 5.44 (dd, J=17.2.
1.6 Hz, 1H, =CH,), 5.33 (dd, J = 10.5, 1.4 Hz, 1H,
=CH,), 4.63 (d, J = 5.3 Hz, 2H, CH,); “CNMR
(CDCls, 101 MHz), d: 190.79, 163.62, 132.30, 131.96
(2C), 130.05, 118.34, 115.02 (2C), 69.01, LC-MS

(ESI), m/Z: [CioH0O,+H] " BHiE{H 163.0681, SZi{E
163.0824.,
B LT
o - K,CO;, ToIK TR o7
n0H+ B 56, h A~

I



1936 - # 40 /L T FINE CHEMICALS 5 40 %
W 4G EIEORIPEE (1.60g, 0.0l mol) . 2 (DMSO-ds, 400 MHz), ¢: 10.36 (s, 1H, OH),
2 (120 g, 0.01 mol) . FKZHEE (10 mL) f 810~8:01 (m, 2H, Ar—H), 7.91~7.85 (d, J = 16.0 Hz,
o ‘ IH, =CH—Ar, 7.79-7.61 (m, 3H, Ar—H,
J =~ 1z T2 YA e 1 ik ) g
ABCATIRTG S} MO BERH) SO mL B HHT . o—ccH), 7.07~6.85 (m, 4H, Ar—H), 6.06 (tt, J =

IR T RES PP R JS . 2N 10 mL 3 mol/L
NaOH W, 30 min ZE477H 58 . BiFE R 7 h, J8E
SN AT B B AR, FIRFR AL 95% 1) CFEEK
PSR 2 Fhatifl, TS A R AR R ARk
G W) (E)-3-(4- s TN AU ) R - 1- R R TN -2 445 - 1- T
(1), id~ Blank-Cha, W% 83.2%, A .

106.7~107.6 °C . 'HNMR (CDCl;, 400 MHz), o:
7.97~7.90 (m, 2H, Ar—H), 7.71 (d, J = 15.6 Hz, 1H,
=CH—Ar), 7.56~7.44 (m, 3H, Ar—H), 7.47~7.36 (m,
2H, Ar—H), 7.34 (d, J = 15.6 Hz, 1H, O0=C—CH=),
6.91~6.81 (m, 2H, Ar—H), 5.98 (m, J = 17.3 Hz, 1H,
—CH), 5.36 (dd, J = 17.3. 1.6 Hz, 1H, =CH,), 5.24
(dd, J=10.5. 1.4 Hz, 1H, =CH,), 4.51 (d, J= 5.3 Hz,
2H, CH,); “CNMR (CDCl;, 101 MHz), J: 190.55,

160.68, 144.65, 138.51, 132.72, 132.55, 130.20 (2C),
128.56 (2C), 128.41 (2C), 127.75, 119.85, 118.05,

115.17 (2C), 68.86 . LC-MS (ESI), m/Z :
[CsH,40,+H] FHIS{E 265.1150, SCill{E 265.1171,
il £ 777 ] Blank-Cha, 7% Z, i et FH X 2396 2
il (1.36 g, 0.01 mol) , R 5EMJG, H 3 mol/L
R A R pH AT & 2, U825 OV A B AR
R, HEBTFRERED 3K, THEHASEE
O AR HORAL S P (E)-3-(4-15 TR B ) R FE-1-(4- 1%
FEORIL)N-2-4-1-1d (1) , 1228 Oxhydryl-Cha,
R 52.5%, #ifM: 171.1~174.8 ‘C., '"HNMR

ot .0t 1,0t

O

16.8. 5.5 Hz, 1H, =CH), 5.42 (dd, J=17.3., 1.7 Hz,
1H, =CH,), 5.28 (dd, J = 10.5. 1.5 Hz, 1H, =CH,),
4.64 (d, J = 5.3 Hz, 2H, CH,); *CNMR (DMSO-d;,
101 MHz), d: 190.85, 162.58, 162.49, 143.89, 133.09,
131.70, 131.41 (2C), 129.77 (2C), 128.16, 120.97,
118.17 (2C), 116.57, 115.03 (2C), 68.79, LC-MS (ESI),
m/Z . [CigHcO5+H] B8 {H 281.1099 , 52 A
281.1041,

il £ 771 [F] Blank-Cha,, 2K Z i i o H AR 62K
LM (1.50 g, 0.01 mol) , il f5 {28 4 B € [ {4
Wy ARAL A W) (E)-3-(4-H5 TR 58 3 ) R 3k - 1-(4- T AR 3
HIL)H-2-%5-1-80 (IV ), iC N Methoxy-Cha, Y3
85.8%, Miri: 135.4~136.6 C., '"HNMR (CDCls, 400
MHz), J: 8.07~7.99 (m, 2H, Ar—H), 7.77 (d, J = 15.6
Hz, 1H, =CH—Ar), 7.63~7.55 (m, 2H, Ar—H), 7.43
(d, J = 15.6 Hz, 1H, O=C—CH), 7.02~6.90 (m, 4H,
Ar—H), 6.06 (m, J = 17.2 Hz, 1H, =CH), 5.43 (dd,
J=17.2. 1.6 Hz, 1H, =CH,), 5.31 (dd, J = 10.5.
1.4 Hz, 1H, =CH,), 4.58 (d, J = 5.3 Hz, 2H, CH,),
3.88 (s, 3H, CHs3); "CNMR (CDCl;, 101 MHz,), d:
187.69, 162.25, 159.48, 142.72, 131.75, 130.33,
129.67 (2C), 129.05 (2C), 126.92, 118.60, 116.99,

114.10 (2C), 112.76 (2C), 67.83, 54.44 . LC-MS (ESI),
m/Z : [CioH;sOs+H] B i {6 2951256 , 52 {4
295.1100,

BRI

+ OAO FKZBE, NaOH,

oL How . Shas .

I Blank-Cha I Oxhydryl-Cha IV Methoxy-Cha
O (O affor
APEG-400
H, CH;
HC— él o{ﬂl O)'(él o)—<§1 o} 1CH3
CH; CH; CHy CH ey 0{\/0>H
[ ] SRR BA W n
_ FHEFWE R
HC— Sl O‘<Sl O);(Sl O}8i~CH; %0°C_6h
CH, I H, " CH,
PHMS
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1.2.2 WPUF #4 %,

# 1.50 g PHMS. 0.294 g ( 0.001 mol ) Methoxy-
Cha, 5.00 g ( 0.0125 mol ) APEG-400 F1 20 mL 5+
FEINA 100 mL =HEEHH, JEAE 70 C R HiHE
15 min, AIA 0.15 mL B g R E N 0.5 g/L SR
IR, B IAAE] 90 CHFREE 6 h, B HIFZ R
JA A 0.002 mol/L f) NaOH ¥A¥# 0.1 mL, 7£ 40 CF
e, 193] WPUF,

123 RAEF %k

'HNMR, “CNMR 38 : X il £ 1) 4-45 8 A
K[ | Blank-Cha, Oxhydryl-Cha, Methoxy-Cha
PEATIE , Hoh Oxhydryl-Cha fi il DMSO-ds i
M, HAMH CDCLAERER, TMS A HNFR.

LC-MS M. F il i s ik A 0.01~0.1 g/L 1
o B AT A4 BT, 22 LC-MS Kl . #Er T8
TN = 45 K9 S5 8 (ARG (EST, m/Z)

FTIR i3z : % Methoxy-Cha ,APEG-400 ,PHMS .
WPUF #£47 FTIR P, P 5070 4 4000~500 cm ™',
Hifh 16 %

UV WO M5 SHAATHP 6 i
A SR B 52 A8 A Ak 2 e 2 M 0 A
B, DATCK CBE R R, 8RRk ) B 4.54%
107° mol/L HYIR , 7EW 1K 250~420 nm P #EATINE
R AN £, AR BA- R e A (1)
ST AT UV 244

A=1g(1/Ty=Kbc (1)
Ko A HWOEEE; TRBNR, %; K NERIEL
Z80, Wl e Fon, L/(mol-cm); b HWIRZ IR R,
cm; ¢ HFFNYI RS, mol/L,

WPUF i BB v 5 R 0.4 g/L I, 547
UV WOGIE SR e UV BIOGEma , i 5k K
= (2) ##7FE
g;Auym )
400
jm A(A)dA
s A MIGFPAS, nm; A AWSGEE; 2 AU, nm,
1.2.4 WPUF #4444 % bl 3%,

WL . ATCK QBRI ¥ WPUF B
T HE 0.4 o/L BRI R .

it e e D K B VA TR TR
AHXHRE 50%+10% M = /A5 T, B4 HEBUE 11k,
i L Ah-1T WA 6 BE TN %E 250~420 nm i [ 1)
WO . filifE 6 T H .

PAG M K % B T CE T 90 TR
BN, AR 2 h BORE 1k, (AR LAt
JERETHIAE 250~420 nm {5 B WOGEE . hn# 12 h

SRS E M A AU BEET, LUK PGS B
0.2 mW/em” F& g IR ST BHF IR, 1T 0.5 h N4

90% =

B% 5 min BOFE 1 7%, 0.5 h J5EEFE 0.5 h BURE 1 ¥k, i
FHEAN-AT WA e T H A2 250~420 nm i [ AY I
JeEE, AR 4 h,
1.2.5 ks

ffi Ffl HaCaT 4 X 3 Foft AS [i] A C 35 4 A B8 447
AL K WPUF 4740 i de e s s, (o FH B 15 5
5 DMEM fEibiEFR5E . K HaCaT 4l i 2 i 3
T 96 fLA, fRIEEEFL 100 pL, &fLA0HEE 2
1x10* 4~ 7E 37 C. RFEL 5% CO,. HIXHEEE
95% bR IESE FRIAEE N R 5% 24 h J5 HBRKETFREE. W
43 2H L RO ACTE 1 i 9 B R VR BE A A Y DMEM
VWL, BEAL 100 uL, TE[RVFEbRIAERS I 055 T 4k
Rigk 24 h J5 2BREs 3R 3. Bn, AN FLEINA R
W 03 g/L MTT [J#iff DMEM &, &L
100 L, #EEEESR 4 h, 7E RS2 20 i o AR Bl Rt
mn G 2 BREE SR, BALHMA 100 uL DMSO, 7
SR R RS S, (8 R ARSI E R AL N
BEAWRAE 570 nm ARG RE, A (3) A4
TR (%) .

oD
éﬁﬂ@%?ﬁ%%%/%f:zi§ﬂixloo (3)

K ODeyy WIIRLAMIEIE ; ODg, AR R IEIE
1.2.6 1RIMER FiE S

B —He g ks e, ST 2Br R m 4 E,
HFEARTI LR TR B kT8, Mgt
WH, JFFAE-20 CTflfr. AFRS 056 K H PBS fif
7% 20 min, fARZ F, PBS A M F)ZEIA],
R G VIR KN (29 2.5 emx 2.5 em IEIE ) &
DT B2 B, 8 M A o2 1) — T ) o it
s, 2NN PBS (& 84 5%t iR
80) . HHAEENIIA 1 g LIBZ L bric i A LA
LR CHECHRF 1 g DL S-FRILTOERFRICH WPUF
FHF X5 B e . B 3 A FEIrfedh . %
IRZAE 37 CHIZKIH ERF 12 h, SCH0HH ] 40 b R
29300 r/min, 12 h J5 R 58 K AT HicH R G . R
FRE it 38 2o 0k RN FE O MR i 2 e A e R B
8 Bz A R R ALY 20 um JR YD H, il i
A 2R A o %o AR T 2 e B S R B R AT R AR
ST S-RRIEDICR IR WA N 488 nm; K FHIEK
1 520~530 nm. JEXF LKL IER N 530 nm; KBTI
KK 571~741 nm.
1.2.7 FBwa3sdc (SPF) MliX

TERFHIEY PMMA M B9 R T _E 40 53 2 U 4k
BEESESE-15 fl WPUF iFE 2 mg/em?, #BEOEMT
30 min 5, 7£ PMMA #2510 mm &b, FIFH%40
LOPHNTE 250~450 nm PTG B E M B S
ALE, FE R %A BRI B SPF, AR T
3UCEATRLIN, 2P AEFR R B ) e ¢ SPF,
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540 &

2 #HR5WR

21 EEMRTEYHNER

A A BT A Y R 55— 20 Williamson it & B
N R T 56 CR#E4T, 5 2 Claisen-Schmidt
RN R TR T . A B AL,
YERMERPLAS, W& T RMEL T A U™
Yk 2F 45k 4 "THNMR . PCNMR Fil LC-MS %5
22 BREMEEIRLTEY UV HEEHIE

Ay B AT A W 4 A8 v A A 5 B R R E G PR
FlBR - A4, B T — K E g ik R,
AORRT M & WA AR T K » BT/«
HLF-, B ATTAH L) B LR RO RIS T L+ BRAE
& e TR AR, T T BRAE A WO D K ik
T UVB~UVA 3 Bt I FYE N . B 1 82 5
YR UV ISOEE

0.8

—— Blank-Cha
—— Oxhydryl-Cha
06 Methoxy-Cha
2
<
= 0.4
&
0.2
0
250 300 350 400
Pel/nm
K1 AHERAGAYR UV RIBOEE
Fig. 1 UV absorption spectra of chalcone derivatives

A1 AT, AbTF i RO K (e ) BT
WAL 2 A B AT AR W BT R ) B IR, R
m—sm* BRI I 7= A A BRI 3 A L P BRI 35X
SR A4 K Bk A 1 AV BRAT, H AR Il
HRHET 400 nm A AFEARE R, 7EJLF3A4 UVA
0 I N W RE Sy, R VE T, [RIBFAE 250~320
nm N, XA HEA AT A A ELAA ROBGRCR , X R
P55 MM F 20k A FRRIEH R T 1 noa* 85 FH
BRATE FIALEE S ORI roe BT H B WIKHA B E
WEAZIMMEE R, BN, AHEWATAEYAE
UVB~UVA BN SE, JE T isml, X
— R LR TR R SR AN WG i R T T o

1 NITE R 3 R ELER A AR P AT UV
SR Hol, Evy K dmex FIHGTIHIEREL, R
O 1% MR (SEIE ) T 1 em YBRE K
EZBEE S, 100 mL/(g-cm); K {8 A 57 A 6l &
T AR He Ak 2 B IR 00 20K B Bl S o B VR
K1 g/l ZIEATRAE 1 om JEEARE S 18 55 KW {1
a; F KA B ) 43 F B A RO TR, em?

#1 3MAHEATAEYR UV 28

Table 1 UV parameters of three chalcone derivatives
El 1/
N Amax/ &/ ’ a;l
s e [100 mL/ K& W
nm L/(mol-cm x10"" cm
[L/( )] (g-cm)] ( )
T 341 12004 456 46 4.59
pa 343 14163 505 51 5.42
HEE 343 15573 529 53 5.96

M 1 RIS ECR AT, YR R i
YRR EAA B AR, 73 FTE A A
DI SR @ TR ARTEN VR iy NG = 5
B fafie g7 e o , oA AR A TR TR TR
o IWE 1 EFTLIE S, A iy H-mR AT A i B
AR T A AL PIRSGERFE , HLLRERLN AN 3,
XA RS2 Hh T AT IS 1) B € P 1 F - L H RN 855
A LR 177 A= M EE SR WO % %0>10000 L/(mol-cm),

FLAEL 1) 55 A1 2 W SR AS A3 75 A iR ) T AL i
71, MHAEEEOAES . B 2 k3 Fh H
A AR W 1 20 M PR a5 2R

100F — [_1Methoxy-Cha
1 Oxhydryl-Cha

80 1 Il Blank-Cha
G\Q - aleddegeccccccccccccccccccccccccacaad
o
5260 - L
5
HA40r

20+

0 1 1 1
=H 35 50 65 80 100

EIRERT A Y R B (mg/L)

Bl 2 A T A o A i T

Fig. 2 Cytotoxicity of chalcone derivatives

M 2 AT, FEAR TR BT , Methoxy-Cha
AL PR REA R s B AR BT R . 7E Methoxy-
Cha i E N 35 mg/L I, 4HMEFETE RAE 80%LA
I, W] Methoxy-Cha % ittt ¥ £ 7E 35 mg/L LT
WA I W] I 00 20 sk

A EEE Y 22 R H BURIEA OC ., SRR SR A #R
A HIG A AS , AR, 254
PO ARSI B U, AR /E T Y 52 e
T, AR A ) R AT |, T DI
AT LA AR R R AR Y T, (H T HA — 5 Rk
P, EXESEALIIET, dE 2 T LA, AR
FERUR I B AT AE P R B IR A . T
Methoxy-Cha [ Anew=343 nm, £=15573 L/(mol-cm),
LR 5 IR RN E RE N AR i B 1, R — 20
4 WPUF,
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2.3 WPUF By & B FARAE

IR AE O AR B by il % WPUF, JfiE4d FTIR
A1 THNMR X JFORHR P 1) (0 Ak 22 25 M R AT R AE . 18D 3
45 JECRLF =9 WPUF 1Y FTIR #£ 8,

Methoxy-Cha

APEG-400 15911508

3495
PHMS

Y VT
2964 556 \L /]
WPUF 1250 v\,‘[
3495 28622964 1240
! ! L 1 103741008
4000 3500 3000 2500 2000 1500 1000
B /em™
Kl 3 Methoxy-Cha, APEG-400 ,PHMS 5 WPUF ] FTIR
A
Fig. 3 FTIR spectra of Methoxy-Cha, APEG-400, PHMS
and WPUF

M 3 7 UL, WPUF H&A i #1 PHMS 7E 2156
cm ' AbA Si—H HEEW o, T LT IR T
A A= ) C=C BERMAEIE) 1657, 1591 Fl 1508
em ' BURRAE MO0 , RIAE B EAT AR Y B 2 R
kefE PHMS |, %34, WPUF fii T 3495 cm ' AbfY
W s 2 F—OH j= A= 11, 2 B APEG-400 2 24
7E PHMS | ; X —&58WnT st 1008~1037 cm™!
R C—O—C I Si—O—Si 8 b 47 HE W2 AC I8 1) ¥ 55
(EEI AT

& 4 & WPUF () "THNMR %4 .

1.11

1.51| 0.43
1

8 6 4 2 0

Kl 4 WPUF 1Y '"HNMR % [&l
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