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Synthesis Improvement and Characterization of Polyhedral
Oligomeric Octa(aminophenyl)silsesquioxane

Fan, Haibo Yang, Rongjie™ Li, Dinghua
(School of Materials, Beijing Institute of Technology, National Laboratory of Flame Retardant Materials, Beijing 100081)

Abstract On the 5% Pd/C-FeCl; catalyst, octa(aminophenyl)silsesquioxane (OAPS) was prepared in tet-
rahydrofuran (THF) using hydrazine hydrate as reductant from octa(nitrophenyl)silsesquioxane (ONPS) in 1
h. Compared with the synthesis methods in the references, this synthetic process was simple and stable, with
shortened reaction period, increased yield and promoted catalytic efficiency. The product was characterized
by FTIR, 'H NMR and gel permeation chromatography (GPC) and it was found that nitro groups were com-
pletely converted to amino groups. An intermediate with N,N-dihydroxyaminophenyl groups and hydroxyl-
aminophenyl groups was obtained when the only 5% Pd/C was used as catalyst. The synthesis mechanism of
OAPS from ONPS was studied based on the intermediate compound. In nitro groups reduction,
N,N-dihydroxyaminophenyl groups were firstly formed through two-electron transfer, then hydroxylamino-
phenyl groups were generated through dehydration/hydrogenation and finally aminophenyl groups were
produced after further reduction. At the beginning, hydrazine hydrate was mainly oxidated to N, and H,, but
its oxidative products changed to N, and NH; when all of the ONPS were completely converted to OAPS.

Keywords octa(aminophenyl)silsesquioxane; octa(nitrophenyl)silsesquioxane; hydrazine hydrate; catalyst
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ZLAM3HT(FTIR): 3% [H Nicolet 6700 FTIR f# 37 M4
BLr MY, 3Ry 4 em™!, FRERECH 32, JtilRAE
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40 C.
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&

SCHR AR NPS — 35K Laine %5645 Hi 4%
fF, BATRE LA A A Sk, ok Ja i it 2
e AEREM M 8 mL Z&MRK, AfiFEAZER A 82
mL A RAEER, B Hl 2y 90 mL JFii 53 B0k 90.06%1)
THIR, FEH. TEUKOKIA T, e vl 4 FF 25 R B v
[ 500 mL = HEE A 90 mL LSl i 7 50k
90.06% M AHER. it +E— BLi [l iA R A 0 C.
[AFRE 15 g J\ARFLRES 48 (OPS, 14.5 mmol), & 30
min WIMABERAA 5] L5, 7EUKKBIR
MR RS PR 30 min, HEEEE FHEE 20 h. RV
gEn, B RNIREWIAL) 150 g 23T /KIKH, 37
ZIH IR S YT, Tk, HE S H0N 5% NayCO,
KBRS TE 2 i v, P SRR =K. 50 CH7F
T, AR GRS, i NPS, P2 90%LL F. Anal.
caled for (NO,CeH,SiO;5)s: C 41.34, H 230, N 8.04;
found C 41.30, H 2.51, N 8.04.
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N RN BT S E S VO R SR 1) 500 mL
(1= e, 120 mL PUSRRIRIA AR, 2RJ5 NN 1.83
g 5% Pd/C EAF], 0.6 g /N/KE =M% (2.22 mmol),
I#THE 2 60 °C, FFAAZENEHM 48 mL 80% /KA,
29 30 min ¥ 5, T RE OB ETBCE KRR, Wnse
Yeig, IRV 1 he RONEE, OV IEBIALER T, A
120 mL L2 41, & bRy B Pd/C ES5HHLE
STF, AHLERE U, I 360 mL MR 3K Pk =k,
TCKBRERAN T, BN 1000 mL iF Skerh, Hrilt At
TEY, Hhuk, BB 50 C TR 7 9.8 g, U
79.0%. 'H NMR (DMSO-d,, 500 MHz) 6: 7.7~6.2 (m,
Ar, 2.0H), 4.9 (s, -NH,, 1.0H); IR (KBr) v: 3454, 3350,
1595, 1078 cm ', Anal. caled for (NH,C¢H,4Si0, 5)s: C
49.96, H 4.16, N 9.71; found C 49.86, H 4.38, N 9.31.
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AR N A FE (. EFRATT S S0 B v, A e A AL
IR 30% 40 47

FLatRHE R Se PR AR 757 3 & OAPS,
2007 4F Zhang 2" M3E R J7vE 3 AT OAPS. fHFA
TEMEA TR S A i A AR KX i, 4% B SCik[14],
EER AN 4 g (5 g ONPS, 40 mL THF), Mz v 45
WRHEA [ AR 2 R ORI A, B 4o OOk S
AbFRTTVEIAT AR B 4 AT AR A B R, B A A
BN P4 R AT KR RN SE A R A7 AE . sl s
5, o HORE SRR M A R T o, 4 v 0 s T o, G R
FIRCCHR[14]H B =6 b T 2B AR 7). OAPS, fH
HP=RIRME, A 30%~40%. J5LR AT A A 3P e Al o
(I B e T, WRBRE T KB 4> OAPS, HUKE 3G 1 ik & T
THF B JCVEEAT IR, 5340, W35k R ORI AR 41,
8 Ji A BRI A SRAR K AN T .
2.2 ETIFNEIRE X R R R B S E

B = 2R T T DMF, 137592 1 v = 2k
], WA H DMF A% RIEET OAPS 15 St
(715 2), (R~ AR R R, L PAAAEE
B JEINE ROV K 60 °C, AIEF] DMF i, &
NAR R IEAR TR Wb, WA AR, — o T i SR
PR, WSO R, O SN A SR AEAR T3 A gl 3

1 NFhOAPS & VAR L
Table 1 Comparison of six synthesis methods of OAPS

Conversion of Product Reaction
Meth talyst R tant 1 t Yiel Ref
ethod  Catalys eductan Solven 'NO, to -NH, treatment ield time/h eference
HCOOH
1 5% Pd/C ’ THF Good Difficult  62.89 5~24 4~8,11,12
% N(CH,CHs); 00 ificu /o [4~8,11,12]
HCOOH
2 5% P ’ DMF B Difficult — 10 —
% Pd/C N(CH,CHs); ad ifficu
3 C, FeCl; N,H4H,O THF Good Difficult  30~40% 10 [13,14]
4 5% Pd/C NH;COOH THF Normal Easy 82.1% 15~20 [13]
5 5% Pd/C N,H,*H,O THF Bad Easy — 10 —
6 5% Pd/C, FeCl, N,H,*H,0O THF Good Easy 79.0% 1 —

W RNIRES R 60 C.
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Figure 1 Comparison of the FTIR spectra of the products of
method 1, 5 and 6
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C%=43.3% H%=4.28%. N%=8.17%. 1 N &/ %
A A T e AR o 23, [ OAPS
N TSRS 9.7%, 715 5 F= )ik 45 Lz
FUbA, BTl FEdb B T L4 TR T EIEN
FRERN 2. WLk 44 T3k 5 K Jrik 6, [N ]
PRI AR A K B R = S Bk A B IR 56 2.

TEJ715 5 BN b, RATE R NAR R INN T i 5
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S, o AR R A A
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T8 77077 6)OAPS & lidk R IGHISL, Tl
M2 AR T 2R = OAPS. B 3 ik & OAPS
PELTAMGIE ) ONPS LR A 3 FRar LW,
OAPS £ AN IR, 1530 11350 cm ™' AbAFEI4 58 4511
K, FEBEF-NH, (1 HIB, 3216, 3350 Al 3454 cm ™' L=
AMAR LA RS L 1), 1595, 1484, 1434
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Figure 2

'H NMR of the product of method 5
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Figure 3 FT-IR spectra of ONPS and OAPS (method 6)

Kl 4 S4Bk R OAPS P4 'H NMR %[, F-NH,
FLPI 7 RO, RN A AL E A ) B
3, 7 4 1, 6 6.2~7.7 Wb PRBNE N R EEUTT IR
B, 5 4.5~5.4 Kb -NH, TP &5 IR BN, WY I 1
FALEA 2 0 1, B TSR s e A o A 8 A
R, Sk 3 Rk 4 1580 P MR 5

Bl 4 Hifk%& OAPS /4 '"H NMR i K|
Figure 4 'H NMR spectra of OAPS (method 6)

Kl 5 itk & OAPS F=#) GPC i1, 3R 2 AT
LG OAPS 724) GPC 453, MK 2 W LLE H, —HFAs
[F] 7716 BUITS OAPS W2 AH Y. LA 1 53
VAR A i 22 1 25U IR OAPS 28 80 45 ) g bR S K
CIT G ZEN, 73§ 550 10 1.037, I Y
BT UA R
2.5 FEFAEER OAPS R NHLIES 7

Jiid 4 M7k 5 AU TR SR FUANE, PR vE %
FEPIANTE], R — B LR, SR A
AR RZ M. PR I8 J5U0 o P R4 I, s i i e — A
SULERS IR, 10 SRR KA I, O I AR A

0 10 20 30
Retention time/min

B 5 SBi{k&R OAPS 4 GPC i [&]
Figure 5 GPC result for OAPS (method 6)

F2 ARFETEA OAPS 74 GPC 451
Table 2 GPC result for OAPS of different methods

OAPS Retention time at peak M, M, M,/M,
Method 6 29.956 1470 1526 1.037
Method 4 29.933 1394 1423 1.021
Method 3 29.933 1416 1451 1.025

S-EAE R, Wiener ZEUSFST R0, IR £ ok 3d8 J5i 771
I, B IV B v B Al 6 A 5 A RTAH . 1 28 40 S 0 4h,
A O A A ) BB L PR3 B i A2 40 A5 v ) = )
B, R ANEAER RN 1), 17 Larsen 20 it )
T PR A K A IS U 2R 1 S S RL B, R AN A7 A
FERIIH AR, UEHAE IR B e it 4 R AR R
PR, 2 2 RS BIRE, 2 E-Eid
FEORNY. 2). {H Larsen 55 FU il ik A% WA 50E T FR % H (1]
FEYN B, R4y B AR RIS A, AR 5
JRZAEN, BT BEAFR] T B R 3R v ) i
(FRAEN. 2.3 7). WA EI L) OAPS I I X n] g &
Pd/C EMAFIT )8 Pd (N EEIRD, SEMEMIEERA
FeCl; ¥ T 330 Larsen NIRRT 4 W+ HiZEH
R, kA 2 AR AR O RS ) R
MR 2 AL HER, 75 ONPS [ OAPS #4L 1K)
R, fEegid 2 W R AR I R R, A
W 5 SN HEE 1 (18] 2), FREERM IS5 T B R A
AR, R A AR I, 2 5K
Gy ZRRNEA K AR R A R . R Ak
R FeCly fA1E, RG22 K it #24:
L. WGHED, ONPS [ OAPS H##41f iR it . 3
TN

HCOONH,

RNOy ————»
5%Pd/C, solvent

R-NH, (¥ 1)

4e 2e
ArNO, =€+ AINHOH =2+ ArNH
24 2H 2

(M. 2)
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VIR PIREAR, KA R IR B R g et 2 WF T
sk SR AR A A K 15 I foe 26 A A S I D 307U
K. I SCHR[13] AL RN B R K I B it
REUSC N 4:

NoH, + 2Fe¥*— 2Fe®* + 2H" + NyH,

NoH, + 2Fe®*——= 2Fe?* + 2H" + N, U
SRJG, WM R ECE PA/C HEAGTRINLET HT, %I ONPS
BT IR, 75 OAPS K, MR NRL AU R 1 5.
2ArNO, + 3H4N,—= 2ArNH, + 4H,0 + 3N, (}i}g 3)
IKE RTINS Npv Hp A1 NH3, W1
6, )@, Wl Bk HAHAEY, WK
fig i FE.
HoNNH,— Ny + 2H,

3HoNNH,—> Ny + 4NH3
HoNNH; + Hy—= 2NH,

¥ 1.3 W RMNAKROTIE )L/ 1712 LI
AR, S I R R s N Al FLRE S T 10 mL K
. WOUTVE 3 RN 1 h S, KR pH AE R 8~9 (],
W77 6 [ 1 h Jm, AW pH AR 10~11 ZJA).
H A B i D Bk BRI TR Ak, 4RI
A A ENHZS A, E B e N R B0 2R, HK S
WK pH AEASRIURIE B J7v5 6 AT B v 1) 5 W3 6 A
PTG, X LG RR 713 1 S = 2L AME TR I TT i 6
PRI DA e R, T 3 7 R SR AR
B AR ZE RN 2 2 PA/C AR
PEIRAEAL T D, 35 PR R AT RIS I A B A AL, KT
LU TRIRRIAR L (5 PR RERY; PA/C AT 2 Tk 75 A
W, )8 Pd LA 7 20 A 2SR AL R T, Wi
TRV Hy 58 H W PRAE Pd SR T T K Pd—
H 8, H—H #5=), min Bk R P FeCls, i1
T8 A G .

23 LB T HERT, 75 ONPS %] OAPS (K] [V,
IKA R A R SRS, PA/C AR S5 B
(1) Hy WA Pd Sk bR I JT E B Pd—H 8, H—H #%i%
1k, ONPS Bl Ab Az A7 e R R — F2 Jle AR A £
AL E ), AR R TP AR B AL TR FeCls I,
HHE PEIHOE IR &) OAPS; £ ONPS 584 #5468 OAPS
Ji, BRI AT 2Lk RARGARALE T T, 2
SN E AR

(SN 6)

3 #Hi

75 i ONPS if Ji i1 % OAPS [ [ AR Z& T, i i
AT SRR, 2RI s H bR )
OAPS, 73 #7 T & M7 i AE A I B p, 505 I ] 4
SRR, SIS AR B R A, B R AR, R e
RIVARZ A L ONPS Ay Jsikl, AR 5%
Pd/C H1 FeCly, KEMEAIEIF, 7V SRR
N1 h& T OAPS. AHLESCHR T A A RO E, 1k
RIFELS 1, & O R B, MRk, e
L SOV . B8 FTIR. '"H NMR. GPC X =it
AT T 3RAE, WEW TR 58 AL RN =) 2l . R
i 5% Pd/C 1A AL, 755t ONPS 1] OAPS #;
AT R R IR — Bl S AT BN R B R 1A, I
ZLAh, RRMERNTC 2 A Wt JEEAT T ] B R AE. AR
N AR 00T T OAPS A HHLEE, A ONPS HifH)
HFEE A 2 B EACH BRI &Y, RGET
B K IR R A G, e T 2 K & A B
OAPS; 7f ONPS #| OAPS i&8 Jstd e rp, /KA JHFE 2 Ak
R, W RNAEREILETT T, 177 ONPS 5644
164 OAPS Ji, FalR /KA AT 22 ) 4 R4k S AU
T, KGR SO A AR A
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