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Studies on the Oxidation of Olefin Polymers with Ozone

Hiroshi OnTsuka
Kazuo AoMURA
Takashi TANAKA

Abstract

Ozone exerts an special action on the double bond of olefins to form ozonides.
And the ozonides decompose into fragments having the terminal groups of —CHO or
=CO at the point of the double bond belonging to mother olefins. Hence it has been
widely used as a reagent for determining the structure of organic compounds.

Concerning to the mechanism of olefin polymerization, the theory of Whitomore's
carbonium ion mechanism is widely accepted. And, for the presumption of the struc-
ture of olefin polymers, the Wachter’s theory is quite applicable in many cases.

Following these two theories, the both dimers of 5-methytheptene-3 and 3, 4-dimethyl-
hexene-2 are primarily formed from the combination of two butene isomers in the
presence of acid catalysts under mild reaction conditions.

In the present study, normal butene (the mixtures of butene-1 and butene-2) produced
by dehydration of normal butanol was polymerized in the presence of the solid phos-
phoric acid catalyst. The polymerization conditions were so selected that the true poly-
merization would occur as exclusively as possible. The produced polymer oil was frac-
tionated and the fraction of 110-117°C was separated as the sample of normal butene
dimer.

The ozonized oxygen containing 7-8 vol. % of ozone was introduced to the reactor
at a flow rate of 300 {/hr after washing and drying with 5% solution of caustic soda
and conc. sulfuric acid. Glacial acetic acid containing 1% of acetic anhydride was
employed as the solvent of the olefin. The reactor was cooled during the ozonization
reaction.

The ozonide produced in this manner was immediately decomposed by water in a
four-necked flask equipped with an agitator, an inlet of nitrogen gas, an inlet of liquid,
and a reflux condenser. The oily matter obtained in this way was fractionated into
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several portions after drying, and their refractive indices were observed and melting
points of their derivatives were investigated.

Judging from the data obtained above, one could confirm that the decomposition
product was mainly consisted of propion aldehyde, 2-methyl-1-butanal and 3-methyl-2-
pentanone. And the volatile matter obtained from the top of reflux condenser was
assured to be acetaldehyde.

These four compounds must certainly be formed by the decomposition of 5-methyl-
heptene-3 and 3, 4-dimethylhexene-2. The approximate mole ratio of these decomposed
compounds being 1:1:3:3, the ratio of 5- methylheptene -3 to 3, 4-dimethylhexene-2 in
the butene dimer (b.p.=110—-117°C) is 1:3.

(Chemical Engineering Laboratory, Faculty of Engineering, Hokkaido University)
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1) Harues, C.: Ber., 37, 839 (1904).
2) Criegee, R., Kerckow, A., Zinke, H.: Ber., 88, 1875 (1955).
3) Staudinger, H.: Ber., 58, 1088 (1925).
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AV VREBCA Y YBUERISERCE E ByoEic/E s A, B R & LR A
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4) Rieche, A.: Ber., 65, 1274 (1932).
5) R, TOWBSEOWELD
6) Greenwood, F. L.: J. Org. Chem., 10, 414 (1945).
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WO % np=14128
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(CeHyOs) FIRERSHE R OB OTA Y RAH H LD 2 B2 b N 5 O CHRIEH L ME T

4
75, BUSHBSERMICHEITL, BUSERL Hs A4

X O THLICEEYHEDHER D, AERTREOET O E RS W TR - L ERE B I,
ll‘ .,Wu‘ﬁj D 87. 4% L\V)‘/)

2. FYZFOMRE
LR OWER R L D W Lok R B L B O R 2SI in 2, B bR, T
SH AMALL, RS HER R AT ANER IS0 04 YT T a3 BT, HilhE
AT ORE KR T 5T L D EFERMEM L, oW HEO LEC IR0 R
AN B R RKG Tox —F e 5, #9920 g oMSIR 2 FI A o M L o
ANA T a k) vk QN TCIne CRITGATT D 2, RO HISEAS R fk%ET 50 TR

TRF LB LR B4 5, HUEAE» R0 b iky, DIRETHR TS, 3
Wk AL bic T g2 arkmicd 5, oGBS EIEN O KR 2K 50°C it
DO LB LS W T AT eV, 7 VIR I D RIE B R, BEERRA ER I R,
7T A TNORPEIE—T T D L 5 CREIMZ 75035 AR AREED ik I 2 u7n <
R BEMREE R R B, WOoMHAN AMA L Y FCERREA LEREER vl L
—F R E B, O T~ F KRR O RS R T 5, WO i 2 L
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Fraction B.P. Range (°C) | Wt. (g)
A ~ b5 5.28
B 56~ 85 0.11
] 86~ 95 9.03
D 96~110 0.02 (trace)
E 111~120 33.5
F 121~180 17
G 181~ 84

3. DRERYMDODHERURESR

I AVNAY Y FPRRROWKBO T VF e F RO F v 256 L TR T OB&E S
Fih CTHBA B b2 L A Ay vk 525, 3, BaOT==ne F IV YLD ERT
572 =N R T VYOG OCTHHELEPFHCRIERCToR Y HIED

R-CHO + H:N—CO—NH—NH;———R—CH—N—NH—CO—NH. + H:.0

S55°C i T 545 A jgFr s 0n3=1.3636 TL+ DO % * ANV AY v O R E 11 89C Th
5,

X, pr=taJd=z = ¥ 77Uy OFFBIEEZ L T 5 REH S i e LTl
Niep-=tuadz=re {3 voEnl2CTth s, U0 Rir RS EEofis Ly
MaAprgrue ity 7 wvser (Fassr—n)GHCHO 3o b5, 86~95°C o¥aCrr
FE121C o vy vy vibr, A, 24 v=tudo=beFFyryo 2N-HCl ofig
TR Z N2 TEbN2,4-v=tuTx =VEe F 5 Yo filin96°C 2R3 HsS L v Wy
CRe-AFN-1-T75F~weB2 bbb,

111~130°C 0 W4 E J O 8o F & Lic b O &K L ORI Y — 7 T L C i &
Br&, HEAvy T AROHERY -5 X D RRTET 5 2 325g 5D, O b ORIET
23 116~119°C O P AP THIH L, X D ERDNRD v L A vy vk BIPC OFIA 2 RT
FLOEELTHTE, FR3AFN-2-vF /v BZDBNS,

X, BCERAA LR~ F VRICH U TR R E R L0 v 3 A vy
VORIESIBICTEH D, X, choTJ= =it ¥ IV voiihdrC, Miiskas=13822 1
D72 PP Fe ¥ THI2BEMECLDY, ZoEEX1BlgThorx,

Bk, &V vSBeEgoms iy rues vFuFey, -4 Fv-1-T 55—,
- AF N2~ 8 ), REBEWHAFL—~FNRLYT 2 FVF P ROT A YTV
bt (L07g) AMIEREINchI T, cd0aMEREICEAIUSI X 2EKESHOL
BRGSO TR RIS THE LT D,
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VI. ERESHOILEEERVERBEOHR

Bt X B4 Vv T 4 Y O BEEFOOER IR A T — % 1w Whitmore @ i v = A
A4 VRSN ZHIN TN BT, %®mmjékwﬂmfnPV&&WaLf®Wm%mL

I
LTIV K =T A4 vEBERL, TOANFE=T AL YT VI v TFenlt

EEORBEO P OEHEHECEWFOREEF AT o o b v 2 iEg
THTERORECANE=ZT AL A V2D, TOAVMKE=T &4 4 vidic s a b vaii
LCAV I YEAKRLIAbThs, koI VvH =T 447 YEEHGESIUEOZ2 D
F, FOBEMOBIR SRS LCY Thomas®, Greensfelder®, Hansford® % ol
O HZC Lo THEEHIN T B,
%, TIVOEEOHFLRVCHRD LT T vy P YAREANRDS LT F M FE =
TAAA D, WOBE, 2TV ryOoLFOoREELLORKBFFLTa b yRE
HIE TR WA — e R—CH=CH, o4 v 7+ v TrilRom< R o5 ENE O K
DB B0 C, ZRCL VIO MESEY, HREERS R, ko m
ITie %

5 ) H+
R—CH—CH; —

> R—CH—CH;
-+

o o b vEOMEOFEEOTCAA VI 4 YO 2L EMEGOMENBIIT oHAB LD

B, Pz 7 v-1 KO LT T F v-2 [T 20 R amR&E v,

3 &~ ()
HzC=CH"“CH2"‘“CH3 -+ H+ —> CH:;—‘CH—‘CHQ'—‘CH:;
Butene-1 +
> CH;—CH~CH—CH,; -+ H+*
Butene-2

0T, WMEMBOBRAECTFNT NV~ ORGSR X DKL e n-7 7 vificis
MKT T2 OFNT T -1 XD S ERICHAET 5 ThHH IEH PRI
WosvK=U 14>

merization) O &AW TMEFWFOEAFMC L VKD <L 2 EE ST T oG ik

B TH B,

H

q)
B X D P ET T vl & 7T -l MEEARS (True poly-

() 4~
IégC=é?I-CH2—CH1; 4 Ht —> CI‘I:;“—C?:’I—CHg'—CHa
Butene-1 E
() ()
CHs—CH—CH>—CH; + H.C=CH—CH+—CH3
+ Butene-1
7) Whitmore: Ind. Eng. Chem., 26, 94 (1934).
8) Thomas: Ind. Eng. Chem., 41, 2564 {1949).
9) Greensfelder, Voge, Good: ibid. 41, 2573 (1949).
10) Hansford, Waldo, Drake, Honig: ibid., 44, 1108 (1952).
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— CHJ-'CH'—CI_I_V_'CH\
|
CH-—CH—CH.—CH;

+

~—> CHy—CH:—CH—CH=CH—CH,—CH, -+ H*
CH;

N\

5-Methylheptene-3
CH;—CH,—CH—CH,—CH--CH—CH; -+ H+*

CH;
5-Methylheptene-2

[oned

DM B, BEOoTa by enbAMNER LD 2o RERES 5, i e b
EBIFEF O, —FRAFNETH

EETHESCETFORELTWARBETOBY © 2K
i, AFNVEOREOFIHIC NG, REOBREERCSL TR o e B LT
ULThd, HOoBCLABEENDORRTI-AFN~TT V-3 DFRER LIS 2E2 DB

R D ERT B,

DA, T OF L TILS

X, TFv-lrJ7Fv-2 2Tk

(=) 4~ (+)
CH‘ZZCH—CH;’—GH:i = Ht > CH,—CH—'CH ;—CH:;
Butene-1 +
(=) &~ ()
CH;—CH—CH—CH; + CH;—CH=CH—CH;
+ Butene-2

3 CHS‘—CH["‘(?H"— C :‘CH—CH‘g
|

CH,’Z CHI}
3, 4-Dimethylhexene-2

fhoBagwe s ryv-l, 75 v2 e ERTEAVE=T L4 4 Y OERE M, T7v-2
LT T V208 ER LR T T vl e T 7 -2 08 A L B3, 40 X F U~ F 2 -2 8
L, T2 77 v-l0BE Ry T v-1 e 7T v-l o g B EERC - A F v

~T T =3 gk i Bl Th B,

o X3 Lt Whitmore OB 2 ICl BN K =T A4 4 VOFREFXETE LTS
DL EELEY LTI 2FREHESGOSAETLoR T HFCEASEE LTI T A
PECEROIBETR TS 5, 2 AAEELENFECARY, BN L IC I, #d
B BOKBGEOFH ST Y, ZOoMERI T4 v, RIFVvIs v, FTT v
LOTFERRACKF T ORE&W» 45 55 (Conjunct polymerization & w4 T %) ®, X,

ko 2 B oMnE o (BB oML, £ oiE, HaftoREEblorTED
AV I7a vEET SIS (Hetero polymerization 2 n.40) ASEIEHCAET % X 5 mBECRKA
FTI BRI U C O ST BB E S e B ¥ s v, L, Wachter® i 1o+ v 7 4

11) Whitmore: J.A.CS,, 63, 2083 (1941); 64, 2970 (1942).
12) Wachter: Ind. Eng. Chem., 30, 822 (1938).
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virF Donor) X W OKFEIR-FeTF VEBED A v T 4 v 3 F (Acceptor) © 2 BiE& 4
T2 03 EERISHBENSIEL, KOoBE, 20TE/OE AL Donor, Acceptor
ORI Wi 2 5 FEEOEECILfA Donor Win b, {iiLh’ Acceptor IT.75 5/ h
RCh 2, THOHERM2RERITE TS 2 320 E G FE2» D Wachter 12iF M08
WAV 74 v DJh Acceptor IR B & BT E R L, 3, EAREAod KRB LT
ZEOGEBBRRRE L, M, WOREWEISA VT4 v FRC2EFGSBEIT X v iE
WAL B ZT BBV, EOXdRETEEEINS» L v i REWMECTST
W W ESGOICREN L LTRAMTLD, AL, EdhoMExifisiiied, fivik
T o R EOERA BT 2D TERNTE D, BADOBEHECHETIHENS VIDHE
BHOMFBELZH LS LDICAARTROFEHR LIZLBND,

%, o> T -7 7 v o 2ok, Mbrrv-l1e77v-204E0MeE
R T O R Y O HEH 24T D &1

| ]
Acceptor Donor Produced Dimer
t
1 Butene-1 + Butene-1 = b-Methylheptene-3
2 Butene-2 -+ Butene-2 = 3,4-Dimethylhexene-2
3 Butene-1 -+ Butene-2 = 3,4-Dimethylhexene-2
4 Butene-2 -+ Butene-1 = 5-Methylheptene-3

DL i B, ik Whitmore OB E D THR LS G LB L Tw 5,

Lo B oFECRT 5277 v-1 XY T F V-2 ~ORMMEEZE L 510K
BEV L 2ORBOTAZWHFTEHED, #oTl L2053 %E2 a0l 1l XEAERY
LLCES-ATN~T T 3L 0434V AT ~F v 20FRNE{EHRT 5L 0 2H

bhva, X, 3, 4 DSV THEFHRO M BHEO T A K FEE - F o Acceptor iz %
LN IBICHED LRI OESOFNERTEHD, o TREY B4V AFN~F 220
FrEL EETH50EHE2bN5,

o 2480 Cod v 7 4 YosFimR Uic v vE Ui ftoch vy =V ele b, Fex
DF YV = FRFHUTER LA VR =VLEYWREL O FEC I VHEREIN DY TS
B,

0—-0
0s [
CH;—CHy—CH—C=CH-—CH;~———>CH3—CH;—CH——C CH—CHj
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e CHyCHO + CH;—CH,—CH—CO—CH: + (H:0.)

CH;
Acetaldehyde 3-Methyl-2-Pentanone
(131g (325 g)

CH;CHO + NH.—NH—CO—NH; - CH;—CH=N—NH—CO—NH:
Semicarbazide (m.p.=161°C)

CH,CHO + CsH;—NH—NH. >C(;H5‘—NH_‘N=W=CH"—CH:;
Phenylhydrazine (m.p.—99°C; n—1.8822)

CH;;—CHg——(IJH—CO-—CHs + HoN—CO—NH—NH; —— Ho:N-—CO—NH—N=(C —CH—CH:—CHj;

CH:; CH:‘. CH‘;
(m.p.=~131°C)
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5~-Methylheptene-3

H:0
———>CH;—CH,—CHO + CH;—CH.~CH—CHO
CH3
Propionaldehyde 2-Methyl-1-Butanal

CH;'—'CHJ"“CHO -1~ NHJ”—NH’—CO'—NHJ I CH;"‘CH?_“‘CH:—“N '—N?"—CO—NHZ
Semicarbazide (m.p.—89°C ; np=1.3636)
CH,—CH>,—CHO + CgHy—NO:—NH—NH; ~—> CH;~—NO,—NH—N=CH—CHj;
p-Nitrophenylhydrazine (m.p.—128°C}

CH;—CH>—CH—CHO + NH:—NH—CO—NH: > CH;—CH:—CH—CH—N-—-NH—CO—NH.

|
CHs Semicarbazide CH;
(m.p.=121°C)

CH;—CH.—CH—CHO + C¢Hs(NO:):NH—NH. > CH3(INO»)eNH-—N=CH-—CH—CH.,—CH3

CHj,4 2, 4-Dinitrophenylhydrazine CH;3
(m.p.—96°C)
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| Decomposition Product Wt (g l! M.W. E Mole
1 i Acetaldehyde 13.1 44 ] 0.298
2 } 3-Methyl-2-Pentanone 325 100 | 0.325
8 |  Propionaldehyde 63 58 0.109
4 ] 2~Methyl-1-Butanal 9.03 i 86 | 0.105
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