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Abstract Design and synthesis of well-defined hetero-functional cubic silsesquioxane remain as international research fo-
cuses and challenges. In this work, we demonstrated in detail the synthesis of two Janus hetero-functional cubic silsesquiox-
ane. We applied similar “bottom-up” method to construct the aimed Janus HFCSQ, which was carried out by using cyclic
tetrasiloxanes as synthetic platforms and followed by further hydrolysis and cage-closure. The obtained products exhibited
good solubility in THF, CHCl; and DMSO, which embodied themselves potential use in further derivations and processing.
The precise structure of these obtained Janus HFCSQ were fully characterized by FTIR, 'H NMR, Maldi-tof MS, *°Si NMR,
WAXD and TGA. Red-shifts observed from Photoluminescence UV-vis analysis further confirmed extended conjugation of the
silsesquioxane cages, which in turn proved the formation of completed cages.This work provided us a versatile novel method
to prepare the resulting Janus HFCSQs, which can widely expand the species of silsesquioxane monomers and applications as
well.

Keywords hetero-functional cubic silsesquioxane; Janus nanoparticle; functional monomer
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2B AR 5% e R 5 B 2R A W IRk 1S K 58 iE
TVTA-HFCSQ K TVTP-HFCSQ N KK it il 1 55 3,
TR AIESE T & B TVTA-HFCSQ & TVTP-HECSQ A
BN, WK 12 FiR, K. . TVTA-
HFCSQ & TVTP-HFCSQ (15 K& AR e oy 5l +
286. 252, 304 f 263 nm. FLEEME TVTA-HFCSQ
AR TVTP-HFCSQ My Kt &, Ja#54h
Wi E I T AL, [RIRE, RE. K. TVTA-HFCSQ
S TVTP-HFCSQ (1%t K 5 ik B A R £L A 3
R, HRBEPR KT PE KA 330 nm 4N TVTA-
HFCSQ HIF MR AN 351 nmy ZHIDOE R ST K
4 280 nm A5 TVTP-HFCSQ M e R EF KN 286
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nm. 58 AMAT WGBS K 5 K G 23 A I 41
A HEAE T TVTA-HFCSQ & TVTP-HFCSQ [ A 4L 4
VERA BRI, 1030 B % e e 28 A7 AE — 32 [ E{H
T LM AEH, XFF TVTA-HFCSQ KX TVTP-
HFCSQ Ki}, HFZ=HA T Re N — i £ 58 1 S5 1 5
WA v, T RE G R ILYEER, A TVTA-
HFCSQ & TVTP-HFCSQ N ¢ FL A Rl 5l B 7 B A4
BHEAE T AT Re.

— - = Aniline abs.
— — TVTA-HFCSQ abs.
===~ Aniline em.

\ red-shift — TVTA-HFCSQ em.

Normalized absorption or emission

250 300 350 400 450 500

Wavelength/nm

b _._. Benzene abs.
red-shift — — TVTP-HFCSQ abs.
—_— -=--- Benzene em.

TVTP-HFCSQ em.

Normalized absorption or emission

250 300 350 400 450

Wavelength/nm

B 12 TVTA-HFCSQ (a)}% TVTP-HFCSQ (b)I¥) UV Wi 2 5%
RIS

Figure 12 UV absorption and PL emission of aniline and
TVTA-HFCSQ (a) and benzene and TVTP-HFCSQ (b)

2 i

FRINERE H— P ] 2 &) % B Janus S5M R H
RESEJE MY A PR AU T i, HAEPIP B T
e G YR s B A b A AR E AT AR KDL R 4 A B
TVTA-HFCSQ % TVTP-HFCSQ ¥ R AE 45 B w8, 45
FIRAH, & —25HMA Janus DIREG KR T SO [
HESE T A5 P rE R I T S5 M H Al <RIt 2
NIAELE. 534k, RIS 5 HRE, 7T CAH] & Janus
F SRR CSQ EE AWML, T E 1R 2 R A
DIRERFPER) CSQ &%, TVTA-HFCSQ } TVTP-
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Chinese Journal of Organic Chemistry

HFCSQ A I fe/E £ S CSQ RAWAALMEL. HHLE
FAPRE S K BH A8 F it DA R &% ) S M A R AU A T E 11
F. FCHERA S5 M 0 RAEEHE 5635, WA AR LN L it
—EMNS%.

3 SLIEES
3.1 UES5HF

VU F RS A B TR & Y(TMAH). S A AN
AR R FH R e . DU T 2SR (TBAF) . — 4%, R
R RS E R (BZTMAH) . R =S, =
AR, OB =S REMER . KA
SEAER EEROR R, RIgRTRL TR, A iral; oK
o RS Pk S bE (OPS) A SE 56 = il £, 2818 7K H il
BRI, At A LRI A A 35 AR AR AL HE.

ZLAME IR (FT-IR) K H 35 [H Analect A 7] RFX-65A Y
LA, T RRE R R i, WAk
FF S ARAE IR AR IS IR AR RAGET  b, 20N
FIEI. IR EE(H NMR). B (°C NMR)FIFE
W (*Si NMR)K 4 [ -t 1 Bruker 727 DRX 400 7
400 M B FAZWILARAL, VY FIEEE(TMS) AN AR, JE )i
% Bh O @ W [R] K AT R RE [ (MALDI-TOF) f# H
AutoflexTM III smartbean %!, 4 BhIE i N o-FFE-4-F5 3
PWAERR, N T R 7 558 2N T8l 3k, 2 B R FH 28
PERE RN R G A K. R Z i E#(DSC)K A Perkin
Elmer /A 7] Diamond/Pyris 1 7R ZE F745 &8 HU%, N, SR,
FHEEZE 20 C/min, & EHTTEE Y 50 %2 300 C, LA
DSC {128 1 5 KV AE 1 e P T m. A AT (TGA)K
H Perkin-Elmer TGA-6 B4 4%, L HHEHRA
50 & 750 C, K& e pada et UV iR 2
UV-8000 BUEEANAT WL/ 66 e v, TGN 800 &
100 nm. 98661 R 12 Hitachi F-4600 %%, ¥
VAR-T VUSRI, TVTA-HFCSQ. TVTP-HFCSQ %
K514 300, 250 nm; TVTIN-HFCSQ Hi Al % i) 3
RN, DGR, T X BHRATE M1 (WAXD) R
Fl & HA Rigaku D/MAX-1200 %4 X SH2EATHHMY, LA Cu
Ko d@5(A=1. 54 AR XOJE, &3 NidjEss, E=iR
T AT,

3.2 ZWHE
32.1 L EXRAFEA = #B2(Ph-T,-(OH)) A L &
F AT A = AEBZ 51 2 (Ph-T;-(ONa);) 69 %) &

OPS W JF4E 4 Ph-T,-(OH); 2 & CHR[13]4R1E
7 ENGHE T S, SRR LS n(OPS) & n(K) -
n(EAFD=1:1:2, OPS/FHNEE=1 mmol/10 mL.
REgEAE N BRSNS 24 he SKHUAN
) I HE A TR DVY R R SR A B FK A S (TMAH) . S5
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TR ARTEIE R F A% . DU T BRIk #(TBAF). =2
i 5 VI 5 FL T 8 R R 45 2R

A = OF OO RE BB B OK R AR A VR %
Ph-T;-(ONa); Z:JESCHR[ 14077 753 T. S RC LE A
45 g FIE= AR, 25mL £E T/KK 04 g F4A
AR F] 50 mL = IR, BESIHEEET, B A
5h, AEERZERE, BEHFHE 15 h, 1FIERPEERE
RAEH Ty, BB TR T 519 2] A 6 S 44
322 AEAFEEFHEAILWN LG T &

VY M5 o PR B S0 Je DU e B2 1) & B(T'VS) 2 IR SC ik
[17]. 4.48 g ZJ&3E = A SERE S 0.45 mL 7K. 3 mL 4
fE. 21 mL IECWkE. 1.65 g EEAE IS A B E
[ 50 mL = BEi 1, 20 'C [ 1.5 h, #r i FEE=,
IR Y=l

DY 2 L A i A e DY R B (TPS) A A 1l 2 FE SR [17].
9.9 g (50 mmol)Z % = H S Feft ke, 50 mL 5 I RE i
#1. 0.9 mL (50 mmol) H,0+ 2.0 g (50 mmol) & A tbiH, =
WML 12 he B M EAT, AEEENT . R
Mg E, g, HIEER T AR FRESABEG% 2~3
W, R E T BT TR e T I AR,
NBEEZ RN, AE 5k TPS.

TVS 5 TPS XUl e M ZMSCHR[10]. TVS (2.5
mmol). TPS (2.5 mmol). (10 mL)/ BzZTMAH (0.28
mL, 40 wt% HEEEBR)IA RN, 2SR T, #)
LR 12 h, SIEEAE Y, IR, RS
2R, BT, 132070
3.2.3 WK ERAE A x4k 2 (TPSS) 8 #1 &

TPSS ¥4 il £ 2 HE SCHR (17145 08 1 56 28 A 1.
ARSI AL L 9.9 g (50 mmol) A HE = F 4 JE
dkE . 50 mL F P EE A 0.9 mL (50 mmol) H,O- 2.0
g (50 mmol)EE AL, FiR/RM 12 h. FEE N EEAT,
AR =T . RN A RS, g, SRR R
M IR Al 2~3 Ik, FETE R omltdh, Al
IRk, b B aEEY), S0t 1S TR T8,
551 4.8 g 24 TPSS, 7% 60.2%. '"H NMR (400 MHz,
DMSO-dg) d: 7.79~7.22 (m, 301H), 7.22~4.89 (m,
114H); IR (KBr) v: 1578, 1448, 3369, 3220, 1119  cm ';
#Si NMR (400 MHz, DMSO) J: —69. 5.

3.2.4 w9 R AR AR A b4 3 (TASS) 89 H1) &

TASS ()£ el it TPSS ik 3 J5 S v il 4511,
ZIRT ORI T A PR ST A A SO ) % i 2R R S
R R A 9286 77, 5.0 g TPSS 20tk 2z 18 hn
A 30 mL RAHGEER H (VKK IS 30 min), B R =R
B 6 h, SN S5 F B IR S e 2 AN
W, W 100 g BEOK A, At 2 e [l 4, 38 XU ot

http://sioc-journal.cn/ 643
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R

w, g, BB K. ZmEvkES M, B TRA T
5.5 g iR E A DR AL R SRR S e 2h. S A EEOR
FE 56 AL 2tk SR e 20 o I I S 15 B G S R S g R A 2
FESALE. ¥ 5.0 g DURSERIERESE B iER . 50 mg =&k
Ry 4 g WEMERIBA I 150 mL = CRH, MU
WRIVE I, AR RIERSRY T ENR 15 min, 24
Je FAE RIS HR NN 16 mL 80% /K & i, TR & IR 4k &
B 6 hJE, AN RSP 2 om fEEE L, ¥V
WAREN S pEmEYE R, IS 25 mL 4R 4BEG T,
AMOKBE, )2, Tr, WY, WA 500
mL R, A K B O EAR R, B
HAMRT 6 mL PUEILIRS 10 mL LR ZERHITR AT,
W 500 mL Ak, Sy, 1RaiE15303.2 ¢
TASS, 7% 752%. 'H NMR (400 MHz, DMSO-d,) o:
6.9~8.1 (m, 2.0H), 5.3~3.7 (d, 1.0H); IR (KBr) v: 1119,
1578, 1448, 3220, 3369; ’Si NMR (400 MHz, DMSO-d;)
g —79.1, —71.6(MAbig S G HEAE RN E AT e AL
(TR B S5 A AR 5.
325 THiA = Ak F TASS & TPSS 4 K &4l
EARE WO —F A AT EY

PL TASS. ZJdidE = SUrEdi ) B A6, 2.50 ¢
(3.57 mmol)TASS 35T 25 mL HEZVA, I 100 mL
BB 2.34 g (14.52 mmol) 2.0 3 = Sk 15 il T
25 mL IE e, R I B A R R,
TR R, FIRIESSA S RAA RAEEARI T = iR
RN 24 h. A AT, AWE AR NaCl .
trib R JE, JUE, IERHE SR, AYUERIATK
TRERAN T-1E, ZBRATIIE 155 3.27 g o (o (A DU & 3
FHEVY 203 W IEATAEY), 23R 85.1%, '"H NMR
(400 MHz, DMSO-dg) d: 7.1~7.9 (m, 18.6H), 6.1~5.8
(m, 14.7H), 5.5~5.2 (s, 10H), 3.2~3.0 (m, 25.6H); IR
(KBr) v: 1119, 1382, 1578, 1448, 3352.

TPSS 5 &Mk =Gt [l N 5 FiRSeie P IR — 3,
79 30 38 (B DU R R DY 200 ik — F AR AR, PR
78.4%. '"H NMR (400 MHz, DMSO-d;) 6: 7.40 (d, J=
29.0, 16.8H), 5.96 (dd, J=20.0, 11.2 Hz, 10H), 3. 51 (s,
19.8H); IR (KBr) v: 1118, 1382, 1579, 1448 cm .
3.2.6 % 5% % TVTA-HFCSQ #= TVTP-HFCSQ

TVTA-HFCSQ HJ& i: 50 mL = ke, 1.0 g PU
REIRIEN O AR AT 20 mL A
7, AN 15 wt% TMAH/EGN (m/m=1/1)/KiEW, ik
TRAE RN 24 h, B2 g #5047~ Yok
s e R RS R R R, 40 CEE T, 15
£ 0.31 g 7%, 7°% 37.4%. '"H NMR (400 MHz, CHCls)
5: 8.06~6.75 (m, 2.1H), 6.61~4.96 (m, 1.6H), 3.36~

644 http://sioc-journal.cn/
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3.68 (s, 1H); IR (KBr) v: 1117, 1108, 1141, 1432, 1610,
1625, 3352; *Si NMR (400 MHz, CHCLy) §: —77.3,
—82.3.

TVTP-HFCSQ &R B an b, #3210 A thgh i
REAF=IH 0.34 g, 7% 41.5%. 'H NMR (400 MHz,
DMSO-dq) o: 8.24~6.75 (m, 1.6H), 6.52~5.48 (m, 1H);
IR (KBr) v: 1116, 1108, 1142, 1432, 1612, 1625; **Si NMR
(400 MHz, DMSO-dg) 8: —69.5, —79.2.

#HBIAT Bl (Supporting Information) <A [A] P24 [
FEWD B RS R SR S T PR R A 1 Pt X SR ] DA A
% AT 35 (http://sioc-journal. cn/) b %K
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