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11T e wk iS4y piw geer s AU E P K T,

=X >//@K§?§7H{./ﬁ\?7] N ANY b v @ad }é'{;%

 (0Hg), M(0CHSCHy) (U=C,51,Ce; n=1-4).
Y weeks BRI s yY AN RENE
_H(CHB)A(__nm(OCH=CH2)n M=C,81i; n=1-4).

v sk AR ST ey A v T Tk

B A AR R & B

VII e X v VAL fy e oA 3w L A

\

vz i (SR W)

Y/

AERT ) R



y = /
o wR e

Coex //\@,Nf\% H m’\ Ho=LH O- M,m,a T
,,,,, AT B, crux s RE IR ek T ke T -1
TP A EbL L=l Taiva- il (e cHoH) o Rl 7iIv3m-Fb
e B P T R ad Il n BLE b5 B AL, IR
B ANEN I 2N R N S S A
L rex &AL ¢ /W%% 4T it lﬂ AT kR
EhF s k- WEK. G EvP BT ¥4y wdh AW L=LTibzal
A A RENE WP, kT Tel Tos el 205 Ceeix A
IR R T3S Far, Pl PLTLEE Y %) VT
bz Ac LY NSy, I ,
2 t=ex //L\@qﬂ.@t@b = F% /%f.,_tc,%f/m,/,%%% A
,_,;*%%\22@ W2 AL A TR s X IR AV A1
= v A v 1:,<T/l/‘(ﬁ/f‘lvhéfﬁ”té]ﬁ‘tiirmw(%‘a
,kzpl“ff‘f‘whd%T S4, -
3. A AR A 177 Litdri b A, Coux AL
AW AN AT ek Wy Faret R 4B
HE T - FP e TS bbb, FiT i oex 2B My
R TA LY Bl ) 2o e b e, 35 0ITF 1
F BT MR T MET L) FoviE b s o Ak et ados Bohs,

Metal— 0 CH=CHz 6> Metal=CHzCHO (1)

‘,‘,/n% /@\4%7’( 5?}7 mﬁ/? uﬂfﬁ'f’/F (/‘ffrvz =1y T - 7»)
< //\"N’valy%w%f’i?ﬁu/ P BTR T 4, »ww/&\
R iR & 4o B TR oy N€9w-€ya/mov AT ERHK
v V\z@"‘}" LR, o ﬁ%@ﬁ*?x/«[‘f%‘k A””?*lﬂ WK2aTre

LR R 4% v 4 ;, , =FEERA AW, 41‘?4%1 LTk » “f/F}m
];Jrl‘%, K 70T I‘T ;?f)f(, "FA/’-\\




Mﬁ¥0¥/@%KF%¢A&ﬁ

WAES L //%4% (AD o o7 7K ‘ n;'ilr»'c_, % %:tzm.-:s o
 ROFRTF AL R AR,

S W3 ,

) T/Lﬂ’/kf'f” (Hml_ CHacHo) , ¢=xE U ( Hdwﬁ—ooﬁ cta)

;&éfw Y BEGAHFRD T BNV o R,

‘‘‘‘ 47l Hg(CH, cHo)2 + RBS:.c:L——-——»RBs:LOCH_CHE‘“ “CIHgCHQCHO (2)

‘ @xx TR U= /%509#}7 L:L‘”Na{’}K‘”Mg",’B""Al s GeNre

e S S
frf/ EECER /%A% :k% 14 4;2»» /a*/:wa%a

ol CH3 ) 2C C =0+ n-Bu3SnH —> n-Bu3SnOC H—C( CH
AR IR E =X VARG ;Wb~—s~l"’bﬁ“: 7n L S

7 iE 3

}%n ﬂ’ﬂiﬂ’i 2 ARLAw T zjlu,& Lok 7,w7 E L xzrw

w),  6)

T AT T CHZCOOCH=C( CH)2 f*""Et 3 SnOCHB";;) Et'3 In0CH=C (Cc H3 ) 2 - (4)

3 d
A ThE =Ry ) f an J ] S
£ && wew Sni + CH,CO0CH;

'fg‘t

WA /~7u Lo ﬂ%rw‘r /;wk? P,

YEd] 2CH30H0 4+ -Pi(0Pr-1i), ———> (i—PrO) Ti(OCH_CH )2 (5)
@ uv w4 21-1>r0£1~f_w

Aﬂx IR v—-urﬂeﬁgséﬁw Zn,Ti,2r

AR ﬂ»? ¢'= a=\’~//§\/(iﬁq ﬂéw % rﬂﬁﬂﬁfa wévr ATt To\.b‘z
LR, X0 RTE HWE Lo SRR T E ST L. I P T UFuR



3

2E ?&%m\ﬂ/ﬁ\i‘%’%ﬂ’i»k X PR AT .

,,,.(,,%@,EP],/?% 0 bt Pbks o Uhs, (202 Li, Na, K. Mg,
fe 09 LATIA a4 2y ’}’ffzgf/iﬁl'—% o , Mg, Zdn, Iy i Hu P
b REFHF LA PR Ty ikbo, To o d2Kk REGNERTD

ﬂwﬁ?%y@wv%m%ﬁ\z%m boa L u s, o
M_; Table 1 ' §ynthetic Methods of Vinyloxy Metals ”
Method | Hg(CHZCHO)Z + RySICl —— R35i0CH-CH2 + ClHgCHCHO o

[1 (CHg)plalad + n-BugSrH—— n-BuySrOCH=C(CHy)y
11 CHyCOGCHAC(CHg)y + Et3SnOCH3— Et3SnOCHSC(CHz)y + CHyCOOCH;
v 2CH3CHO + Ti(0C3H7-1)4'——" Ti(0C3H7-i)2(GCH-CH2)2 + i-PrCH

Ta Wethod | Tla  Fethod [ TTTa Wethod [ Va ~ Wethod | VITI6 Wethod
| W Mg 3 1 |C  etc. | Fe? |
e Y ™ AL b st e -
Koo ' Ge |
A Sn W& 1l
S I1b_ Method I¥b _ Method
. ﬁ m? e Ti? W
' Hg x|y |

AR /%@1 WEmeE WA A Ledrr v+ % a Fg Fiehey
s, Crexr BEAE Do L, ETR v vE BT A v EI o
o LA o hF nk s e s Th zloil oK BT M| 1F o RE L ERX
WLt RA o FRANES K LA S E R s, FE b T LTS
oo RER G Thsse, pivr Al i Fiavhioe, FEE
Y iz loadiE bitw TR, 2oV H B p EWAR L FCT
obovafa Bw < hs, iei EFG . EWRE AMNNE @1 4 b bk
b, (B AR et s BT TG T g RN Bard -
GEEBA KB T oy TIR, YT Radof 3 E CRRAE
A fiFriAAE. ThbE Ved%E XK (C, 8, e . Sm) 2
ok y BB AW w2 U IVaTE BF o AA LT Ty 2wk b




4

/%@v &) ’f?} o~ |4 S2ubhR L=e X T=Av » w'?'}*f’ Qf_fa G L=ex ﬂ%}ﬁv

__wa%m?%tﬂﬁ?m - o
(, oX 3 F= —,r/a»’c%:}%&rrf ';tve»tmesuys%* VRINT

g em 2 HMOoZB Y1 b, %n - B3I B v T 371 Fr
o
o [ C == Cs ] , ,
n-E3LHE job 103 143 -
o \'i)’&ff‘d?‘jf’?-ﬂ(i(, ST T G}K% AWBB YL, l\/a’/ﬂf z% A 47‘"/“'-"
gy e KFE, wiF wiwevn, 22w /13, S0, 7.9,

73 el IEE T, THESAA ki R 0 T2 A0 0 ,«,wi;i AL
b REC R TTIE, Tneeth, 2R A WBE s, St HHOVE v FSYTH
T e M Baes K3 F e f)j%l &,,E,i.;;}i’ T tlrexeTodgr o
 BIEB AR LS BhF L EA NHAAFENLTFS o LEP,T Lroxy
AR Beyin nif%“i:kr > S 7 e S & wbﬂf? Vs s, T
i %Mzo/é (em v VA @y % Fleiln m Ay R e TR s d
eon a' FrL (N s F BT o 3RV, 22 1, W)L R )N
T ER Lo -, '#’M@?Er LA & bbb Fnibh 15, TH W
o Yai B bkt e 2w A F Lw oA R, % F
A BENTIF L APE L CTEEA LA b ok oy AN bl T FE 2k
-1 - B9 | 2 N e ) EENYE oY s o .
> (CH ) 55100 ( CH3) =CH, - (6)

—-—('CH3—)~ -SiCHZCOCij 707G

- (7933)3Geca cqg% (CH3)3Geoc/(/CH3)=CH2 - (1)
. 2\?cc3 . (8)

e ( CQHS ) 3 (\ e 3 S

Cowxr AL A ES S

Cex i RF IA T AR A v uF KT IR ke ;w/‘ﬂl?iﬂ"

(9)
,,FJ"HVI X v, !F‘{sn =z exs }3510\ | (8 A XL T-Tiv o M»:r/t/% e T



I

) fTRAR S, o t)? r;7—/pw$w\\tb H;emu Tx%est, 751k
— %%vw) fhkbl‘tﬂ‘,&%ifw«’é be Iz KBR BENE W 45 G
B AEWAYTENE T 0 QiR v o019 TEEF LERER Lo
AT AR R, g it e (B - 239 CEVE BB Yk e e

Cheov Bt <, RCH (ot th)s O F s Cooxy BE
L R 7 LR A R, LY MY B k) TR A
Ry %%u AN Fen b, |
_ erex B oER et w%”wmﬂ 2z, ﬁ % s /,—; LA mﬁ(
2 j}—v{%;\ ER o iFubtb , TIex /M? W’ oA EAKR
sy w%mz%ﬁ mu T TR Bt d o iRl e a5
Nz B ERX ,’é’,‘a,, ,im,()-w st e, Bt cbw 9o n s
CFRERe 3T AL Wb L LA AN N ER T, ok kL
_Tehe U F LW, TR L b a PR TER Al s b8 W
kY AV TN 24T Bis, %t S AN B pe TS BT T 5 ¢
N AN T EA T A T4, Tiliexs i X w FOF FO%
AL B UGB B AN ITLLL T 1T, 2?%523(?0}}& N
Q1B v 0.019 , elBH -2 41 T, %» \"‘f«% Crexs wIF 4w 4
oVph RAPFEE L ex B v (T B e Lo B 41kt
b =T 3Crexe TIE 4 V0BT 7w R ot cbr BRE
e, w4A e s L/v*f/"r“f—‘?(z;)f Itk TA%, v W%
-%thW%n,vaTvv‘AﬂWKlekﬁJﬂwP< ‘ﬁ)ﬁ}ﬂﬁ
3R\ ERA Gt Ke b bt s,
ThdIK IRE T Coex 5 Al M—A%M%'%H’ Z’% ‘7"% ’f
%P KIPBOd, Looxz Bk 208 Wk A G 4 o A e v it
Bl pERHE kT L oG- Foa N IRA s,

LITERATURE .

--1)-C.E. Schildknecht, A.0. Zoss, and C.McKinley, I & EN.39,
182 (1 947)e N _. IO

~2) A.N, Nesmeyanov, I.F. Lutsenko and M. Khomutov, Dokl. Akad.
‘Nauk SSSR, 102 97 AAAAA (1955) - T e




é

~-3) A.N. Nesmeyanov and I.F.iLutsenko,WDokl.MAkad. Nauk SSSR.,

e -120,1049 (1958) . S o
——4)-K+Kikukawa, S+ Nozakura-and -S.-Murahashi,unpublished data.

— 5)L+I.~Zakharkin, Izv. 4Akad. Nauk-SSSR.-Otdel. Khim. Nauk

- w,_,_,_._.k~1 961 ,,,, 378. - . : e s e T T - P
"76) A.N. Nesmeyanov and I.F. Iutsenko,Dokl. Akad. Nauk SSSR.,

128, 551 (1959).
A%—77*J:1;m35ﬁk09ﬂ§ﬁﬁiifF{MlﬁfééhkO}wZhﬁf;ﬂObéhéhmehiﬁfjﬂég;'m
3838 (1962); S. Kida, S. Nozakura and S. Murahashi, to

' be publlshed.rﬁ

"8) A.D. Petrov, USSR., 119,186; CA. 54, 2148.

9) M. Pereyre and J. Valade, Compt. rend;; 260 581 (1965)

10)C D. Hurd and J W Wllllams, Je Am. Chem. Soc., 2_, 962

- (1936) S
_11)8.V. Ponomarev, B.G. Rogachev and I.F. Iutsenko, Zhur.

__Obshch. Khim.36, 1348 (1966); M. Pereyre and J. Valade,

~ J. Organometal. Chen., 11, 97 (1968). L

e 12)M. Ishimori. and T. Tsuruta, Symposium of Organometallic

- Compounds, Tokyo (1968) . ' N
——13)J.H.- Haglam, U.S. Patent, 2,708,205 (1955), .. .

= 14) P, T. Joseph and W.B. Blumenthal, J. Org. Chem., 24, 137 .

TTT15)A. Streitwieser,Jr., " Molecular ‘Orbital Theory",Jdohn Wiley -

& Sons, New York, p.117(1961), hd= 2 , kc-o= 0.8

"~ 16)A.G. Brook, D.M. MacRae and W.W. leburg, J. Am. Chem. SoC.,
o 89 5493 (1967)- 7 - -

» 17)A N. Nesmeyanov, I.F. Tutsenko &nd S. V. Pomarev, Dokl.

Akad. Nauk sssa., 1___4_, 1073 (1959)




7

18) I.F. Iutsenko, Yu I. Baukov, I Yu. Belav1n and A N. Tvorogov,

. d. Organometal. Chem., 14, 229 (1968). 7 o
_.19) A.D. Ketley,"The Stereochemistry of Macromolecules", ngker

Inc., New York (1967) p.37. .

__ 20)-R. Ohno, S. Nozakura and S, Murahashi, Chemistry of High
. . _Polymers Japan (Kobunshikagaku),ZB,,188 (1968)

——21)-8.G. latsoyan, J. Polymer Sci., 52,-189 (1961). — . .
—-22) 8. Murahashi,- S+ Nozakura and M. Sumi, J. Polymer-Sci.,
B3, 245 (1965); ibid., B4, 65 (1966); ibid., B4, 59 (1966).

" Polymers Japan (Kobunshikagaku), 24, 512 (1967).

“"24) S. Murahashi, S. Nozakura, M. Sumi and R. Ohno, J. Polymer
T Sc:L., ‘B4, 187 (1966)




Studies on Vinyloxymetal Compounds

Masaoki Furue

Department of Polymer Science, Faculty of Science, Osaka University

Synopsis

The purpose of this thesis is to synthesize various
vinyloxymetal compounds of a general formula, (CH2=CHO)n-Meta1,
and to evaluate their reactivity in radical polymerization.

In addition, it is intended to elucidate spectroscopically how
the kind of metal and the number of the vinyloxy group
influence on the reactivity.

'A synthesis of poly(vinyl alcohol) from acetaldehyde
via vinyloxymetal compounds is the starting point of view
of this research. In the first paper, the author studied
'thermochemically‘the possibility of the formation of poly-
‘(vinyl alcohol) from acetaldehyde. The heat of the (hypothetical)
poiymerization of acetaldehyde into poly(vinyl alcohol) -
was determined by measuring the heat of combustion of
| poly(vinyl alcohqi) to be -AH= 14.9 Kcal./monomer unit.
Preparation of new vinyloxymetal compounds was attempted.

Haslam has claimed in a patent literature the fopmation-of
vinyloxytitanium by treating the titanium alkoxide with
acetaldehyde. In the second paper, this procedure was
reinvestigated and the existence of the vinyloxy group in

the reaction products was excluded.spectroscopical;y.
Synthesis of a vinyloxytin compound by treating a tin
alkoxide with vinyl acetate was attempted. But the expected
vinyloxytin compound was found to be a téansient intermediate

and to convert immediately into a tin acetate.

(1)



Compounds, (CH3)4_nM(OCH=CH2)n (M=C,8i: n=1-4), showed
increasing reactivity with increasing number of the vinyloxy
'groups. The change of electronic effect might contribute
to reactivity of the vinyl group. In order to make it
clear, bonding properties between the vinyloxy groﬁp and
earbon, siliecon or german were investigated by IR and NMR
spectroscopy in the third paper. Results were summarized
as follows. |
B 1. As a result of increasing the number of the vinyloxy
grgﬁp, the electron density of double bond decreased.

2. On the basis of/comparison of vinyloxysilanes with
carbon analogs, it was proved that’the contribution of
‘C&F-pn)ccharacter to Si-0 bonding decreased with increasing
number of‘vinyloxy groups.

‘3. Spectral evidence indicated that (da-p&) bonding
.took place in silicon-oxygen bond but did not in german-
oxygen bond in this series of compounds.

These electronic effects, however, were found not to contribute
much to the radical reactivity of the vinyloxy compounds,
as shown in the following paper.

In the forth paper, initial rates of the radical
polymerization of (CH3)4_nM(OCH=CH2)n (M=C,Si: n=1-4) Were
‘measured dilatométrically. It was found that the initial rate
of polymerization increased markedly with increasing number
of the vinyloxy grouﬁs. For the purpose of elucidating
this phenomené, the contribution of pOlarity and reactivity
of these compounds toward methyl radical (methyl affinity)
were studied. The change of polarity did- not exert so much
in reactivityfas:exﬁgg%ed. And values of methyl affinity

were found to be nearly equal for all the vinyloxy groups

(2)



examined. Consequently, as the intramolecular cyclization
reaction became easier with increasing number of the vinyloxy
groups and tbe reactivity of the formed cyclic radical was
very high, rate of polymerization increased. |

In the fifth and sixth papers, the radical polymerization
of (CH3)2M(OGHuGH2)2 (M=C,Si) was investigated. These di;inyloxy
-dimethyl compounds underwent the intramolecular cyclization
polymerization by a radical initiator according to the

following equation.

{CcH,-CH¥} — {CH c +CH © _CH,
2~¢ (’x : g %H/h TOH ox’ of,
i(CH »
cHy=cHO 02 O /0 (S\ A,
Si : Si
ch. \cH ofi, “om
3 3 3 3

The structure of theée.polymer mainly consisted of 5- and
6-membered ring. Diwinyloxydimethylmethane gavé completely
‘cyclized and soluble éoiymers but divinyloxydimethylsilane
gave insoluble'polymers having small amounts of the pendant
vinyloxy groups. These polymers were converted into poly—‘
(vinyljalcohbl)“by solvolysis. S-Memberéd ring resulted in
the formation of the head-to-head (1,2-glycol) structure

in poly(vinyl alecohol). Poly(vinyl alcohp;) containing

60 molé% head—to-heéd units was obtained from poly(divinyloxys=-
~ dimethylmethane). It was concluded that the difference of
polymer structure (the extents of¥cyclizatidﬁ) between the
C-monomer'and the Si-mdnomef depénded on their monomer

conformation,

(3)
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Table 1
IR Spectra of (CH3)4_nSi(OCH=CH2)n and (CH3)4_nC(OCH=CH2)n

(CHg) 4_S1(0CH=CHy),

n 1 2 3 4
6Si-CH | 1253 1263 1268
vi=C | 1635 1635 1640 1635
ve-G | 1180 1170 1160 1160
vSi-0 | 1018 1023 1030 1045
(CHg)g_nCLOCHSCHY) aa!
n 1 2 3 4
ve=C | 1631 1633 1643 1651
cm“

3.2 NMRANTFIL
Fag. 1 K Y9 2e=ov TIE (CH)s Si (0 CH=cH) . & ANY
Fiba 580255 iw, 12 ¢ Juen mon ¢ TARE o F1BR 125 27 & 1%z
Ao bibE 23 AR R,

e .F*31
WR Spectrun of Devinyloxydimethylsilane

(CHy) 05140 c
N/
N
Ha  Hbj2

g ewe W il
: i ———t—

—F =

‘ju - »:KM-CHZ(tra:i) :in(cis) '
. -
ho ol [ o

’M ~ J,} J; MW ) -

.
Oppa 4,510 4.22 0.25
measured by JWM4H-100 spectrometer
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Table 2
MR Spectra of (Chy)y_,5i(0CH=CHy) ) and (CHg) 4_n,CCOCH=CHy)

}. Proton chemical shifts and proton-proton spin coupling constants

/CEC:

W H

n 1 2 3 2
Jbe 0.75 1.0 1.5 T
Jab 58 6.0 5.8 5.8
lac 13.5 13.5 13.3 13.5cps
ba 6.28 §.45 6.41 6.41
o 405 4.22 4.25 4.32
bc 4.32 4.51 4.55 4.64
by 0.19 0.25 0.3lppa.

(CHs) C@\ H
34—n1 el CJ
n

Hy CHy
n 1 2 3 4
Jbe 0.2 0.6 1.1 1.6
Jab 6.4 6.5 6.4 6.4
Jac 13.5 14.3 14.0 14.1cps
ba 6.33 6.41 6.43 6.48
bb 3.89 4.11 4.23 4.34
be 4.26 4.43 4.57 4,67
bC§3 1.25 1.43 1.57ppm

Data were determined from specira obtained on a Varian Model
A-80 spectrometer. b-Values were obtained from carbon tetrachlorice
solutions (5%) using Si(CH3)4 as an internal standard.
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Table 3 2. Spin-spin coupling constants of proton with carbon-13
<CH3)4_nM{ Jo

C=C
Ha Hb
M= C
n )3 2 3 4
JC-Ha 172 178 183.5 .188
Je-mb 161 160 160 . 162
" Je-He 153.5 154 155 155

th 127 128 128

M=_5i
Je-Ha 176(171) 180(176) 182 186
Je-wp 160(157.5) 161(159) 16l 161
Je-He 156(154) 157(155) 156 - 187
Jcﬂ,3 120(127) 122(131) 122.5¢ps
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Table 4. Proton Chemical Shifts of (CH,),
{ M= C, Si and Ge )
(CH _He
{ C=C
Ha Hb
: C Si Ge
Jbo 0.6 7.0 1.0
Jab 6.5 6.0 6.0
Jac 14.3 13.5 13.5cps.
sa 6.4 6.45 6.41
5o 4.11 4,22 3.98
Sc 4.43 4.51 4.28
SCH3 1.47% 0.25 0.70ppmn.
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Effect of Polymerization Temperature
7.50 &0 7 70 ] 37 R 53
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2.80 4" 121 28 58 42 0.16 58
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