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Syntheses of Polymeric Antioxidants and their Stabilization Effects

by
Hiroshi Supa, Yukio Hosokawa, Masahiro KiTaNIsHI, and Akira SHINTANI

Two antioxidants were prepared with a view to improve the volatile and migrating
characters of usual one and to extend the stabilizing abilities of them. One of them is the
dimer type of phenolic antioxidants connected to g-cyanpropionaldehyde, 4,4-bis (3,5-di-t-butyl-
4-hydroxyphenyDbutyronitrile (I), and the other is a polymer type, poly(3,5-di-iso-propyl-
4-hydroxystyrene) (II).

Their stabilizing abilities for polypropylene were evaluated by the measurement of the
absorption volume of oxygen on sample films during the oxidation of them in an atmOSphere
of oxygen at 170~180°C.

On the comparison with absorption curves, the film containing 0.5 % of T gave the best
result. In spite of the polymeric antioxidant, the stabilizing ability of II, having iso-propyl
groups at both o-positions of phenolic hydroxy group, was inferior to that of T which has
lower molecular weight and has t-butyls at corresponding positions. Though there may be
many factors on this result, it may be said that the molecular structure is more important for
stabilizing ability of phenolic antioxidants than the molecular weight.
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2774 MBICKBIR N, HiIcT7x / —VERBEHLERREECHBEWNSOFLESBDD, T2/
—WVHKBED WAV MU t-TFLVEOX SR FBE LTV EE2E e v E—F 72/~
T, WINCEREHROTVEVEEFET 254, TOBHLESRBRENEZIN T 5,

TEMICI 2,6-Pt-TFN T2 /) —% 2,6-F~t-TF—p-7 L/ — VI EBRANLNTNED
B, TNOREASFEMAAYTH S, BLFHEOBREMIOBRETERYE, BIEERLTAR
Bt T 20T, KNGS - HEOBRERERI AL —HFeYF—F72 /—vDFY
TFVVICATIBUABIEEAR, 7=/~ V—BELDIBAEDOIBAREN T EBEEINTS
DY, BILHIEHOHDTEEARELST BT &ickY, R« BTEAIGIL, B IEEDEZHEK
IRALEOHEBBREENS, COLDBERTRMIHEHOSFEERELLALDD, £Z0HM
EREXEGRELTCRELLD ETI3EATHET VY F LY, BEFERNY LILEEEZE
B12DOBIHIEE /) = —DABMBRAONTNBEY,

ABIENEEBLFLEEASETS 2,6-V-t-TF 72 /=& B-VT VTR YT AT
VL, EOTHEBRSEHOHEETHZ 4,4 RAB,5-V-t-TFr—4-t FuF o7z =)
TFu=tYVDER, 2,6-V-4A VTN T2 /—hb 8,5-V-4 VB ENA4-TErF VR
FULYERT, BOTFEBRABLENDORY G,5-V-4 Va4t Fuidv2FL V) DK,
BRUZHOOBRMBFERHOR Y e v vickd 3 2B LR %, BREEEHEED LXK
HUHERCBET2dD0TH D,
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NCCH,CH,CHO +2 QOH —> NCCH,CH,CH @OH ) (3)
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(LAY MIEEDEN Lz 4,4~ 2 (- Fod vy 7o =) T7Fu= bV vOARED CHED T,
ORI ETHEROLAHBREETTRERAMEE U TREIE, 9% 0NETHERKE L
T4, mp 199~200.5°C,
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EEL—HLTWVE, M1 BZEDOHRABENARS FVTh b,

K1zl 870 cm-1 iz 1,2,3,5-PUE# N ¥ ¥, 1360~1390 cm~?! i t-7 F %, 2300 cm-?! ic
= b Y, BEY 3660cm ! Tk VYE—F7x /—ikBEDZBERTIEAED LN, BROIL
SR ERENL D ERDNS,
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Fig. 1. Infrared spectrum of 4,4-bis(3,5-di-t-butyl-4-hydroxyphenyl)butyronitrile.
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Fig. 2. Infrared spectra of (a) 2,6-di-iso-propylphenol, (b) 2,6~di-iso~propylphenyl
acetate and (c) 3,5-di-iso-propyl-4-hydroxyacetophenone.
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Fig. 3. Infrared spectra of (a) 3,5-di-iso-propyl-4-acetoxyacetophenone,
(b) 3,5-di-iso-propyl-4-acetoxyphenylmethylcarbinol, (c) 3,5-di-
iso-propyl-4—acetoxystyrene, (d) poly(3,5-di-iso-propyl-4—
hydroxystyrene).
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Fig. 4. NMR spectrum of 3,5-di-iso-propyl-4-acetoxystyrene.
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BE 74 VAR ZRAROEE, BREARMORETES LK, BRAVATMELT 74 vadE L
COFETRERE KBICET 2L, (RICBRLPIIEFIICESRME, BTES E1-E LTI
B DEFEEPH-LHGBERFINR N E, BEUMEETR STV 74 v adfiskicd e &1
EEEZERUT, B FUEBIHIEHOBAZRY oLy idicF v+ 3 ) YIRBRL, 205K
WAL BT TN I Y BEEBRELTTI4 v b ELTe TALD T4 VA% | ~2mmX
Smm EEICUIN L, BEBRELUTHER LK,
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Fig. 5. Oxygen absorption curves for Fig. 6. Oxygen absorption curves for

stabilized polypropylene by 4,4-bis~
(3,5-di-t-butyl-4-hydroxypheny1)-

butyronitrile.

stabilized polypropylene by
poly( 3,5~di —iso —propyl-4—
hydroxystyrene).

328, BOFUBMAHLENEROTORIC LR EEZRTEE, DLALORENHEISICRL
308, DPTFEOREVIBFHTH20EIBEHRNBHUEATH-> T, BEOLAYETIRICOH
FDTIRLV . BABRRNK & UTORLBFIEFICOWTS, BFHRHIEFZREL 2 1 7 DI&
BFEOSDLIDGENTOIN, BEORNUZENTRBODDIVE > T 00, BABRK
H OB IESRICE > THOFREBBROEECRFTHTFENCNICRSEFTHA D EH|EX
NhTn31, EELDEABRALUZEBNEIBETHAH. KBEDOHA NV PID t-TFLEDL LA
Vo EVEADED, SFESASELICENUCHRELRZZELEZ THWEXI3THS, ¥
TeRBE 7 4 VATEREOZESER LBV BHREILX 27 1 v AR, PEOHEMLSHENS
FTWVT 4 NVLEEDDTORE, BECL> TREABEST S, R) oL vyDXSicFrsy v
DS BERAOERICE T HERITEAR, 74 VARRBRBEELRL KR I TEBESRICES
728, TZOBRKETTTICHBIIBE I VFERO—BI R INTHBHEBINAIAHEESD %,
7=/ —VEERLBIERIORRIE, KBEOWA NV P MBI Y oV ETHEEIDS t-TF 0
EOHFBRENS LN &R, EBLOREL S OHAIIN I, XOAXEEHRELEELTENF
BT 28, KBEORENLRARTH- totedd, t-TFLVEDDNIT 2 / — VT2 T OEBENIE
FRHRETH> o VL LOEBOBZOMELTNE > THEEATR, KBREORELZLTES
BARHAHELENT . UL, E Osawa 530 37 / —viEkBREA7Y) —DFITELSX
HHB B a0 b REBBHAERELTVE, MBI R o, m-, p- =0T /—ADIFVH
WVEABICOWTHREL, BB%IC AIBN 203 & o-E=v 7 /~VERODTHIZEEL 7
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HVEBSETEIN, SVYSANVREE Y FTRL2EALENC EDD, DU LEOREFT IS
NTHBINZEM-E=VT7z /e p-E=2VT2 ) —VIZEERNTOHAVESEGHEEZEL
Tb, £LTESIC 3,5-TV-t-TF—4-t Fuf VELER f-t=rAF o Fod, KBEY
Y—DEET, RFVYPEK=VA VgL AIBN Kk DHEATECLEERLTNVS, TDED
7= /=l /<=0, Lhd t-TFrvEDO2N- 0T, KBE7YV—0FE T AIBN 1
KBFVHANVEASD THEEBIEHINT, 2,6-V-t-TFv 7=/ —E EEELTEDEDEES
FHBMAB ARSI DBERBCARINIRBLS OV, SROREVBHHIN G,

3. % B

3—1 ERBLURER

2,6-FVt-TFN T /=N BIY 2,6-F-A4VTFoELNTz /)= tTHRIBREEZFOTEHER
L7ze

BTV TREFVYTUNFE FI® i ROR G TIVE I YEROABRERID ELTT 2 )=}
INVOAFVECE> TAREINEBDEAT L, HAERBHIZ HE 83 BOBOLOMKTHEXRS
IZ& D bp 90.3°C/13mmHg (CC#RfE2) 84~85°C/ 5 mmHg) DD & L THEMESR. ZDd
DOMBERIHRIA< I F 7405 9TH THELEHBHELD S NI,

RY Fory FRAZEHOBRMBEMNZ T LSO EER Ui,
TNI=zgsaAy7FeREFYF2Tg(lmo) 73 =y AFEAHLLI-T 1! OAE7 7 &
2 ED,300ml DAY ForrTra—E 0.6g OENAE2KBENAT, BRETES%:
BHEBOMEL, BELUEDIK 2ml OME(LREEINAZ T MEERED 50 2EMKRAIIZD K
HRORENF UL B L oMEAELEDTRKTLDLL, KISABINLEECERLTMALT, 21
DTN =Y LAPERT EETH BHENASEELRET 2. BCRELTAREOA v LT 2
— B2t bp 142~143°C/16mmHg T7 VS =w A4 YV P oy FEEB2,

ZOMAEE : WFNITRREEZ0EE, TLRMBERBUTEECLIOEHLUTER L.

3—2 4,4-22@,5-V-t-FTFr-4-bFuFvrz=)TFo=rY (II) OEEK
1.6g (0.02mol) I & 156g (0.075mol) DM % 80 ml OKEELICERE L, 15ml OEER %4
TU, 30°C ©3.5 BT 5. RIBKTRZEBOIKEMATHRESIUMEEKEEL, B
MeBEkE LTHE S, AR1%) 7oA Y TEHEREZBEL, 5.6g (59%) oRfaEk%EE85,
FSEESHT EEME (CszHarNOz) C80.459% H9.92% N2.93%
I EE C80.57% H9.99% N2.80%

3—3 EoTHEERPIEFDERK
3—3—1 2,6-V-AvVFubni==nr7TEF—F (V)

150ml o¥FH ) v iz 53.4g (0.2mol) o VAEEL, chic 36.8g (0.36mol) o /KFHEL
ZHTT 5. CORMNESHMAEZETS KB KDICES, HBZZz—FofH L, Xk
UTHRKBRER S + ) v A TRAKL, T—FVBREDORRBIERET 56.5g (86%) DHMHMAES,
bp 128~129°C/16.5 mmHg,

83—3—2 38,5-V-AvFubr4-vFuFv7Et7=/ ¥ (V)
80ml ofFH=to~NrEvic 22g0.1mo) ® V 251, chic 16 g (0.12 mol) OMFIRE
KEMTNVI =Y L EMZ D, TORIBEAY A 30~50°C T 5 K L-k, ZERT—BHWKE
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U, DOTKREICENTEIAE UEBRERRYT 2. IASBINTV I =9 slbkEr — 70Tl
HU, TOZ—FVEEISII0ZBKERILF MY Y A KBERTEHNT 2, PEO=toRVvEY
ER DT —FUTHERER, COTVH Y BRETER TRIECYT 2 EEROERDSETIRT
o AT—7TVTHEERLT 16.2g (69%) DEHMMAE %, mp95~96°C,
FTLESH FHEME (C1aH2002) C76.38% H9.09%
BEME C176.29% H99.09%

3—83—38 3,5-V-4AVFubnN-4-TEI+FVTbT72 /v (WD)
3—3— 1 DHBERH-T, 22g (0.1lmol) OVI% 12.2g (0.12mol) m/KERE & ML 77,
HARBEAH—FVTEERLT 21.5g (82%) OEMNMAE I, mp 102~103°C,
TEMT EEME (C1eH2203) C73.28% HB8.40%
B EME C173.27% HB8.36%

83—3—4 3, 5-V-AVTFOUENA-TEINF VT2 =V AFVHVE S — ()

300ml p=vO7 5 Raic 150ml OF® A v 7Fo €7 a—vic 16.3g(0.08mol) pEEH T
NViz=gh4yFoR:y FE 21.080.08mol) OVI BB L -BEEE 2. BRANE LS00 3
WKEBEBSIBOTEHOEL-> 2V 2ABELZRVTCORELAHAED LRiC) — vy e AT LEET
5o 5~10 ORI THBT 32X CORBBAMAELSA LTMEERT 5, BISTI%REH
B 2,4-YV-= 07220V EFFI VBT VDFRMNCRERKE - 15BE D, V7R Y
NTwA~EBET L, BEEZAHL, 35ml oEiE#RAE 175ml OKICHRL TE- 2FERT
kBT 5, KIGREYMAET—TVTHEB L, KERBARRF M) v ATHK, =—FrkED
HRBEZAE LT bp 122~126°C/0.01 mmHg DB % & B, AMT—FNTHELER LT 15.8g(15%)
DHEEREE/, mp 69°C,

3—383—5 3,5-YVAVFUuELA-TEI+VRFLY (IX)

SEIICHEIL AV VY AED OV IBREANEL DY 50ml =Y O07 72 2ic 26.4g (0.1 mol)
OV E 1 g DBMARGEBRAEH Y v BLT0.5g D Fuf/ vE AR, 180~190°C T 20~40
SRR, HRUE/ v~—2RBEZZT %, bp 1056~120°C/0.01 mmHg, #AEHICELT 24
ElME 22 /) —wvTERBRLT 1T.1g (T10%) 0EHYNH %5, mp84~85°C,

STTHEMT FHEME (C1eH2202) C78.01% H9.00%
e C178.30% H9.09%

3—3—6 RYVB,5—Y—AVFutr4TErFIV2FL V) (X)

4.0g OX% 10ml © + v = VITHREL, 0.02g @ AIBN %Bfax & LT, ZEKHT 80°C T
6 FHEAD®R, RISBRAYE n-~F 4 VHITENTHY v — 5B sE, 2ho by vEksE
n-~F Y VRICENTERBRL, RETERCTEHEI TEST 2, NE 3.1g EAE 76.5%.

3—3—7 RYVB,H5-YV-AVSurr-4-tFuFr2zFLy) (X)

1g ©X & 50ml 4 Y FoErTra—vtichBOKE 1g OKBILF } ) v AR EUERE
BRIFPT4ABHER L%, RISEAYEZKPICES EMASBINIZRY) < —B0BT 2. C
NOMVvIYFRE n-~FHVRCENT BRERIE 5. RETEETERITESRT 2, &
0.7g,
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3—4 AFRBIMIEHORE/LEDDHIE

3—4—1 BEECIIRET7 1 VvADER

RYForry 30g KHEEOMAME T 160~170°C T10fEE b A4, Ch% 140°C it T8
L7V Riciz & 190~200°C G

0BMELTT7avaET B, % Lleavelang
u
DHEBERT A LT 120°C icis- To N;or0; /Jo Vacuum \
~ &
LEOKRICBRLTAR L, EE 0.2 b Vent)
s y

~0.3mm D74V hLEBI, HE
TTREZRLCHAEET B,

3—4—2 BHEECLZERT 1
W DYERR
MTVv— b EigkFEicky PN

s

-7

Thermo bath 50ml -

FRESLA T R L, 250ml O F \ Gasometer
FFY vz 5go®Y Furry ‘\
LFREBDO XL 25t B R HEX, \ s |

. . amples
140~145°C CHIE% ER X4 5, v -
Bohk7a VA EXZ 0.05~ Cg‘%“‘m
0.06mm TH» 7o s xide

83—4—3 BRERNEBOHE
RKE 7R 2g Ko

T, Mickh ZElL Shic dboi

180°C, XI %fm A ddid 170°C

TR ETE -1z, BERET IOR Fig. 7. Apparatus for oxidation studies.
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