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EEHBEEFARBEASTR D, BESRT —ZFFH BN RAFRPE, I FHEMER
FERS. R R A NEBRESEES R REMLARETEHETRE
SaE st X B kIR AN RIS, ES FRBE YA FECOR. &
FAMBRC—ORKNE, FRBENERE B TREXNEFERE, CORMBREF
FESHIFEDNH. XUFERE ATHANAEBRE LR - REEREEK, 5#TE
HEESHERS HTATHHEECOR, HEME SRR THITEHET
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EEH A RE SRR KMERERATHFNBRES, it T -F g fw
R AREH-3, 11-— W22, 10-—8-1,4,9, 12-P0 8 — (4,2, 4, 2] + WK (2) . F
SCHUGE T X H R P MR R (2) RN B A B T k. FE T () PSR ER A, DA AL R
Bt M| &R, ERBHE BT P RENBEERE(MMA) RSN, RFEHHNIKE
FRAHEBIER - EA SRR TRAHMESY. BOUBRREREY, T XKL
I R A I AR B AR EE F T8 & 1R i BLR A RO W R A
ST A T R YE . PSR A R T E AR I A

1 ZRBS

1.1 FEIR{LEE
FOTH(98%), 3-F LA B (R Baer 1 Robinson 7 B 1), M A o

FTEES, mp 88—89T), PRFEMFRE(C.P., M & AT TR EAHKE), M HRBHR
(A.R.),1,8- "8 B[S, 4,0]+—45-7-#(DBU, 98% ), E(A.R. ) H®(A.R.), &k
EHBE(C.P., EHAWESH).
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ZLSME B Specord 7SIR LLAMEIE{N LRI . Bk SHE M W % ARX-300 B BLitiE
B LT TERSVTE R Carlo Erba 1102 BRE W BE . BAMERLHERES
AR AL
1.2 3,11-Z(RP%E)-2,10-=8-1,4,9, 12-ME-4[4,2,4, 2] +FEB (1)K

TE34] Dean Stark /K4 B #88 100 ml [B FEH2H = K MA 6.40 2(0.05 mol) 3-4 £t
FLAE.1.90 g(0.025mol) 1,4-FF 2 ZM.0.15 g X HRBHER(PTSA) Rl 40 ml 3, R S
PR BT MK SR K B RN (9 0.9 ml), B RN, A EER.
72 HIBE A KB R AT i, S, SE A B E, B 5.20 ¢ B EKEY, BRSKE
X3 2.42 g M/, B 7.60 g(93.80%) M EE PSR, BRI GAEIR K,
mp:195~196T . IR(KBr JE /7 ) : 3020.2940 ~ 29602880, 1790. 1380, 1200 ~ 1300. 1110.
980~1000.990cm ;X C;H4Os TR A E R T 1 E(E C% :44.33; H% 4. 34;
Cl%:21.80. #BR{EH:C%:43.90;H% :4.38;Cl% :21.22.
1.3 3, 11-ZIFF% 2,100 "8-1,4.9, 12-E =9[4, 2,4, 2]+ 02 (2) HE R

£ 50 ml B OB IIA 0.70 g(2.2 mol) (1)1 35 ml /K Z. Bk, IRIRBBIS, B
TKAKH(O~5C), ZEHH T, # 5 ml B 0.60 g(4mmol)DBU #I K7k 2. B\ R MBI K
MR . 2 8if5e /5 8E5E 5V 1 h20 min. BT KR 3328, B3 DBU ME L Eih W H%
AGTHIR-F, AR ERE . K5 KRB TS % e R & O LB 3 2.8,
BAGEHRK 0.4 g, ™FEH 73.83%. L KZBEL BB P EHRDE. mp: 154~
156 .IR(KBr /& A ): 3015.2975 ~ 2950, 1795 ( E ST 3 N B B 35 ) . 1675 GRS W i)
1315.1305.1160.875cm "' ;'H-NMR(CDCL; } : 2.08( s, 8H), 4.88(d,2H),5.20(d, 2H,
5 6488 HEMA). ¥ CoHROM T E MR EMT .

IHHEAH:C%57.09; H%4.78
BEH.C%57.24; H%4.80

1.4 STBEH (2)F0P EFHE PRI B R

# 10 ml B0 BESES A A ~EBARFIFE DO TR (2)F 3ml %, ASE
P EE, RSB 0.01 g(0. 04 mmol) 1 E AL B EBEA TR FNIEREHEEMA KN
MEFNARBETRE 3L, BEMRARSY EARBARENFRT IR TR
A, TREROARERESY . MRENRY, HBE S WA TSI R, HEmn
RIS h RAZERG, RHBEY, RACH TR TH5, EREeEEBRER N FRE
TREHEE, BXHKREWERRE ). IR(KBr [E K ):2995.2945.1795( E T N BB
) 1725 H B PIIE R F B9 3 AL ) . 1440, 1380.1240.970.830.740 .. 680cm ™ L.
1.5 ZEESHIKREH
1.5.1 BHEKR
1.5.1.1 f£ 10 ml RO AELHEAP A 2 ml 5% BERME B .0.05 ¢ TEYW.3.6 ml £
1A 0.3 ml RBLRR, M E 3 20 h )5, #E4T IR W, SR AW LFER AR BIA S
ml FH 0.2 ml IWEHRR, LK 17 h BERAHASEARPRE, HREIHEST,
2 0.05 g HE K K. IR(KBr [E H) :2995,2945,1795,1725. 1440, 1380, 1240 1140 970.
830.740.680cm '.
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1.5.1.2 ZE 10 ml B OREEREDMA 2 ml KR, 0.05 e KB Y HBEOEZEMR
O#FNJEHESYETEEDERET, BEE% K. IR(KBr & A ):2995.2945,
1795.1725.1440.1380.1240,1140.,970,830.740.680cm ' .

1.5.2 WEAKR

1.5.2.1 7210 ml BRBEEFIMA 0.05 ¢ TR .5 ml K. 0.2 g KRB 4 ml ¥, B
HBhBESYHEEETEPIE MRR--HE TREE0EH K. IR(KBr ER):
2995.2945.,1795,1725.,1440,1380.1240.1140,970 ,830.740 ,680cm ~'.

1.5.2.2 FE 10 ml BEERFIMA 0.10 ¢ ZEW .15 ml /K.0.40 g EEEH, MBI EHK
23 h, g TRE, B L B ERRYE. IR(KBr K K ) :3400(broad) . 29952945 1725,
1560.1440,1380.,1240.1140,990,830,740cm .

1.5.2.3 ¥ 0.05 g FEBYHET 5 ml WAL F, A 0.2 g EEANH 10m K, BIF
19 h. B #HJ5, ARBRPA, £ ZF A F AR, FPHFEAE . IR(KBr Kk ):2700~ 3700
(broad) .2950({ W) .1700{ W).1590(S).1400.1360cm .

2 @ER5vhe
2.1 XBEMINER

#it p-FACHRRA | 4 AT _NERENTHREREAREHHR AR, F
TR & R T BRI BN (2) . A EBGH ()R AR 1.

0 ?H .
¢ + CICH;CHCO,H — on/Berzene, IS“R?‘““"' o
)
0 ’ 0
(1)

DBU/Ether/0 — 5T
0 CH;
CH, 0
(2}
Scheme 1  Synthesis of crosslinking agent

XWERFEEEBLEE, 5% 93.8% M 73.83% . FI'H-NMR. IR fITE4¥
stpREEOAES)HFTTEREE. PEEDH RFET 1790cm 'R ATHHE
REWMHERKE. TESNEREHBE B F S ELTH S RAERP T Bk
(1). ZBERI(2) 19 IR EE 8 3015cm ™ A1 1675em AT (2) (9 IR DUER, BT & 2

—CH, RMHHEHEDIRK, FER (—C HREIRI;1795 om “REHTHHE
o BRI T Wi 52950 om ™ M AN TCIR L i Y B i SR R 1 R iR 4 R 7E(2) ' H-
NMR H |, §2.08 g4 g 3404 F 8 A E, B L fsFHR 8 MERES.
54.08 1 5. 20 (M —ERAH EBE, HES AR, IR PNE BT LA TR
FRGTEREREERBRBLTGREY TESWMERSERHEENAT, X—FHET (2)
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Table 1 Copolymerization of crosslinking agent(2) and MMA ™
e MMA Crosslinking {2)in Feed Conversion Yield of copolymer
) (e agent(2) (g) {mol% ) (wi%) (wi%)
1 1.00 0.04 1.565 75.0 7.69
2 1.00 0.06 2.325 63.0 12.26
3 1.00 0.08 3.082 70.4 15.74
4 1.00 0.10 3.818 75.4 18.18
5 1.00 0.20 7.319 62.5 28.33
6 1.00 0.30 10.642 46.0 27.69
7 1.00 0.40 13.696 72.0 26.43

* Copolymerization conditions: BPO(initiator}0. 01 g, benzene(solvent)}3 ml, Polymerization time 3 h, Methanol( precipita-

ting agent) 40 ml

2.2 XBEREHNER

REF)RARMEEHAN IR, CHREFENBRTRERESHIANRESY,
RMMREITIRFTIRA, VR E R A4 BRI R . AT BB R TR
B, Rk TRY.

ME 1R, B CBH A R A E, TR G -2 ILFEL LA, HPZHAM
FIEE 0.20 g/g MMA B, =R LE/D, B A BK. X2 B F LKA ARRN, T
BRI EAR, RAEMRAI BN, EEES MMA LR, Br DIBE SR (2) i F 238,
BEI BRI & Yy (I b SRTT 2 32T B HI B3 B — i BRI (49 0.20 /g MMA)ERY,
RS R R, O H SR oy bl 2, T X 28 Sk p PR, R R R R A
PR T BRI, B LA X2 Ry i 7= 22 it A IB6 70 fg T Bk 1 o v 8 v b R R R/, L B
AR, '
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Fig. 1 Relationship between the crosslinking agent Fig.2 Copolymerization diagram

amount(g/g MMA )zand copolymer yield {wt% )
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2.3 ZEESDER

ATRE SYAE T EEAVLEN, A R0 R iE B BRI, FrLA X
A H-NMR TSRS LERTEAR . RITY R AHEE IR EBMERS, #
B SSLE I NIT, HRFREARAH NI TBEESYIIFRE EN, M IR EH, A
BUACBRE B B AR (2115 em ™ DA EEEE(1795 em ™ D BE B, RIS SR MER KT,
BRNERELEYTHSE, BT E KRN AR HRH THRKERIRE
*, REBAERESE, FUKATES L REESY S FERR(LEK2), XED
hEE B (CHIWHERMO R HEERTITE2.

CH,
I
{ cv,—Cc— —cH—C, Mype =100, 117, M.g,/2 = 126.111
I
cocH, O0=X O

qu
Scheme 2 Molecular structure of crosslinked polymer

C% = (5m+6n)x12.011 _ (5m/n+6)X12.011 (1)
100.117m X 126.111n  100.117m/n +126.11

Tabie 2 Polymer composition caleulated from elemental analysis result

2)in Feed 2) in Copol
NO. (2in C% mfn (2} in Copolymer
(mol% ) {mol%)

2.325 59.645 9.2673 9,740
3.082 59.455 5.4922 15.403
10.642 57.870 0.4139 69.838

- N W N

13.696 57.660 0.27909 78.181

ME2HE 2 FHTEL ERAREPXEACQ)HEN N, ceEXBYTHE
Bt R, R T AR (2) R R R IS IR, SR B K, R TR o T2 (A
BRI B TR . ARG R TR () PR S R AR L 0, BB TR,
it 2L B S P49 AR R A St B T AU (e = 0.40), T E A B L . B A8 3
R R K.

2.4 TERESPNXRE

AFBRSYERE EEBBEEAS P KR HREKRITEN IR #Bx2H
A, KREH IR HEE IR 1725 M 1795cm A HEIME  NEsE . X — LI &5 R A
THEESWIINERERGTREBREEMN.

TEBRPE & T KRR, 2R H S-SRk &, 2 30 B/ ER, XEWAEK
AR, KRBTSR GE LM R AR K R, MR EHE 20 £ /6,
KB IR EERA SRR SR LT 50 KE, B 1560cm "R T RMEEH
B W, X 7 T YRR R U RE (1795em ™) I R, (B2 B (1725em ™) AL & (1140 ~
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1260cm ™ MBS TELE; B KA M Sk m- S Sk 8- K"K R, KB ME2RILENEM IR
W R, 7 2700 ~ 1260cm " 4 A — T # R E (B X T RTINS, i PR .
FIER AR BRI (1795.1725 #0 1100~ 1200cm ) 2Bk, X EHAEW LA TRBESY
KBTS TREREH, ZBXRESWUIDERE SN FHERERE, REERMSM
Tt s A & LK.

R, A LR BN ZKE SR AR WM RS, SR ER
MESFRNEWITR T AXREAYE RFUERSERSY, TEUBERS
Y1, & BT HCHRER, Al [E R B A B N EE. M R RSN CERESY
TERT R MR 2 AR XM ARR. B0 BHRRKE SN EHER SR BNIRE
HW TR PERNGRT R, AN EFTH R,
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SYNTHESIS OF NEW SPIRO CROSSLINKING AGENT
AND CROSSLINKING POLYMERIZATION OF MMA

WANG Hong, FENG Pinzhen, LU Jiantao
( Chemistry Department , Graduate School, University of Science und Technology of China, Beijing  100039)

Abstract A new type of spiro crosslinking agent, 3, 11-dimethylene-2, 10-dicne 1, 4, 9, 12-
tetraoxodispiro[ 4, 2, 4, 2 | butadecane(2), was synthesized successfully. Its crosslinking poly-
merization with MMA was carried out at 80T in henezne with BPO as initiator. The result-
ing polymer is of spiro-crosslinked structure. Hydrolyses of the crosslinked polymers were un-
dertaken at acidic and basic condition. The results of the hydrolyses have shown that the
crosslinked polymer has good resistance to acidic and basic hydrolyses.

Key words Croslinking agent, Free radical polymerization, Hydrolysis stability, Methyl-

methacrylate, Spiro compounds



