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INTRODUCTION

Direct synthesis of poly(vinyl alcohol) from acetaldehyde has been
one of the important synthetic problems in high polymer chemistry. Only
a few studies on this topics, however, have been rnade and the pr6blem

still remains unsolved. "

It was sAown that the magnitude of the heat of the hypothetical poly-

merization of acetaldehyde into amorphous poly(vinyl alcohol) is -14.9
Kcal/monomer unit.1) According to Doniver et al., the theoretical value
for the heat of enolization of acetaldehyde is +10.0 Kcallmole.2),
Consequently, the heat of the h>rpothetical polymerization of vinyl alcohol
is -24.9 Kcallmonorner unit, as is shown in Fig. 1.
'

'
CH2=CH-OH
10.0 Kcal

-EI!gEE9Y 24.g Kcai

i 4CH2-(i)H)OH
Fig. 1. Energy level diagram for vinyl alcohol.
These values are comparable to the heat of usual vinyl polymerizations
(-15v'-2S Kcallmonomer unit). Poly(vinyl alcohol) could be synthesized via
the vinyl polymerization of vinyl alcohol, therefore, if vinyl alcohol was
stable enough. As is well known, this is not the case and vinyl alcohol
could not be detected in acetaldehyde.3) In order to realize the polymerization of vinyl alcohol, a catalyst is necessary to stabilize the enol
fr. tm and to increase its concentration.

One of the possible way of stabilizing vinyl alcohol may be sc-coordination to metals (Fig. 2).
In the present work, the coordination of vinyl ethers to platinum(II)
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cH3cno ny cH2tCH-OH . -(F CH2-8/: )•,
,lfst,a,l

Fig. 2. Schematic route for the polyrnerization of acetaldehyde ipto
poly(vinyl alcohol).
and palladium(II) has been investigated,since vinyl ethers can be regarded as model compounds of vinyl alcohol. In addition, vipyl esters have
been shown to coordinate to rhodium(I). Platinum compleX of vinyl alcohol
l
itself has successfully been synthesized by an indirect method and studied
spectroscopically.

Since only a little is known about T-complexes of those•olefins which
have oxygen next ro the double bond, studies on these olefin T-complexes,
especially on the role of oxygen in stabilizing eomplexes are an inteTesting problem in the view of organometallic chemistry.
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CHAPTER I

Synthesis of Platinum(II) and Palladium(II) Complexes of Vinyl Ethers;
Synthesis of Rhodium(I) Cornplexes of Vinyl Esters; Reactions of Vinyl

Ether'Complexes with Acids and Bases

Introduction

Chatt's theory has been accepted in general, in which a metal-olefin
bonding is described to be formed by both the electron donation from the
olefin to the metal and the electron back-donation from the metal 'to the
olefinPThe kind and valency of the metal involved may act an iMportant
role in determination of the stability of metal•-olefin bonding. Almost
all of the stable olefin T-complexes heretofore known are limited within
those olefins having an electron-withdrawing substituent. Thus it has
generally been thought that the back-donation contributes rnore efficiently than the donation to the formation of stable olefin-metal T bonding.
With respect to Pt(II), the mesurernent of stability constants by
Venanzi et al. afforded a conclusion that the T-accepting ability of the
2)
olefin is more irnportant than the u-donating
ability.
In contrast,
the
rnesurement of equilibrium constants by Orchin et al. of the coordinations
of substituted styrenes with Pt(II) informed that the u value of Hammett
equation and the logarithn of the equilibrium constants are in a U shaped
relation,3) and consequently that the o-donatihg ability, as well as Th coordination. Moreover, the study of
accepting ability, takes part in the
iTLfrared spectra of the T-complexes by Nakamoto et al. suggests that the
6-donating ability may be more important for the coordination.4)
Meanwhile, Cramer studied the infiuence of the substituent of the olefin on the equilibrium constants of the coordination of the olefin to
Rh(I), and concluded that the olefins having st,ronger electron withdrawing
substituent are more liable to be coordinated and that those having electron

releasing substituent resist to be coordinated5) •
In view of the metals with d8 electron configuration, therefore, it is
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still not clear that the substitueht on the olefin to be coordinated should
be electron withdrawing or releasing in order to form a stable T cornplex.
We have discovered that the olefins having a strong• electron releasing
substituent such as vinyl ethers form extremely stable complexes with Pt(II)
and Pd(II). Vinyl esters, in the sarne way, form stable complexes by cooTdinating to Rh(I). With respect to the T coordinated complexes of vinyl
e her and vinyl ester, there have simply been known that Fe(O) forms un'

6) •

stable complexes.
The reaction of the coordinated vinyl ether with proton and hydroxy

ion has been studied to see whether the similar reaction with that of
Wacker Process does occur or not.

Experirnental

The preparation of vinyl ethers and their derivatives'. Methyi vinyl
ether, chloroethyl vinyl ether and 2,2,2-trif•luoroethyl vinyl ether used
are commercial reagents. Isopropyl and t-butyl vinyl ether were prepared
by the alcohol exchange of isobutyl vinyl ether with isopropanol and
t.-butanol, respectively. Vinyl trimethylsilyl ether was prepared in accordance with the Nesrneyanov's method.7) preparation of propenyl ethers
and 1,2-dimethoxyethylene are described in chapter IV. cis-B-Methoxystyrene was prepared according8)to Miller's method.

The preparation of vinyl esters. Vinyl acetate was obtained commercially. Vinyl trifluoroacetate, vinyl monochloroacetate and ethyl
9)10) 11)
vinyl carbonate were prepared by the known
methods.
Vinyl formate
and vinyl isobutyrate were prepared by the ester exchange of vinyl acetate
with forrnic acid and isobutyric acid, respectively.12)

Platinum complexes. 1,3-Bis(ethylene)-2,4-dichloro-y-dichloro-diplatinum was prepared by chatt's method.1) A representative procedure of
the preparation of the complexes is as follows: About 100 mg of Zeise's
dimer, [C12PtC2H4]2, was suspended in 8 ml of dry toluene in nitrogen
atmospheTe and the suspension was cooled to -300 C or below. While stirring with a magnetic stirrer, about O.05 ml of a vinyl ether was added
dropwise with a syringe. Within a few minutes, the hetef,ogeneous suspen-
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sion turned to a yellow homogeneous solution. While maintaining this solution at -200 C or below, the excessive vinyl ether and solvent were evapoT. ited under reduced pressure. The residue was rinsed with petroleum ether

at a low temperature and warmed up to room temperature to obtain the desired yellow or orange powdery complex. If necessary, the thus obtained complex may be purified by the reprecipitation from hot toluene-petfoleum
ether.

Palladium complexes. Palladium complexes were prepared by the reaction of C12Pd(PhCN)2 and olefin according to Kharaschts method.13) The
reacrion was carried out in toluene at room ternperatuTe.
About 200 mg. of C12Pd(PhCN)2 was dissolved in 20 rn1 of dry toluene and the

undissolved material was removed by filtration under nitrogen atmosphere.
To this filtrate, O.1 ml of vinyl ether was added and the solution was
stirred with a magnetic stirrer. Precipitation of the desired complex had
occured in l hour. The supernatant solution was removed by decantation and
theT precipitate was washed with toluene for several times.

Rhodium cornplexes. u-Dichlorotetraethylenedirhodium(I) was prepared
in accordance with cramer's method.i4) on addition of vinyi esters to a
toluene solution of Rh(I)-ethylene complex, the coordinated ethylene was
easily displaced and vinyl ester complexes were obtained.
The reaction of t-butyl vinyl ether complex of Pd(Il) with acid and

base. The Pd(II) complex of t-butyl vinyl ether (ca. 100 mg) was suspended in an. 45 O-o aqueous HF solution (ca.' 10 ml) at room temperature,
then the suspension was allowed to stand overnight and the volatiles were
evaporated. The infrared spectrum of the residue did not show any change
of the palladium complex suspended.
An aqueous 45 "-o solution of sodium hydroxide (O.5 ml) was added to 228.8
eagOt'i4olnl
Mrg

MMOIe) Of [C12Pd(CH2=CHOCMe3)]2 in nitrogen atmosphere. A vigor-

ousAoccurred and a black precipitate of palladium metal instantly educed.
When this reaction mixture was titrated with 1!10 N aqueous hydrochloric
l
acid solution, the quantitative amount of acetic acid (Ol/.830 mmole) was
i
detected. The acetic acid was qualitatively confirmed by the color reaction
with ferric chloride. With respect to' the alcohol produced, after the decomposition of the cornplex with alkali, the liquid phase was distilled
under reduced pressure at room temperature and the distilate was analyzed
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by means of glpc method ( poly(ethylene glycohol) 1500, O.75 m ), giving
84 O-o of the theoretical amount of t-butanol.

Results and Discussion
'
Platinum complexes of vinyl ethers and their derivatives could Se prepared by displacing the coordinated ethylene of Zeise's dirner by vinyl
ethers or by their derivatives in accordance with the following formula:

c2il>.pt(cCi)pt/-cCiH4 . 2L . Ci>p<cCl.xpttil . 2c2H4

i
l,
In general, if the reaction is carried out at room temperature, the
polymerization of vinyl ether occurs as a side reaction, and so the cornplex-es cannot be obtained satisfactorily. This may be due to the inevitable incorporation of a trace amount of hydrogen chloride in the preparational
step of Zeise's dimer. The above-mentioned reaction must be carried out at
low temperatuTes. With respect to the olefins of low cationic polynerizability such as trifluoroethyl vinyl ether, 1,2-dimethoxyethylene, tri-

methylsilyl vinyl ether and trimethylsilyl propenyl ether, the complex may
be prepared at room temperature, The complexes are fairly stable, except
trimethylsilyl vinyl ether,complex which reacts with moisture (see chapter
Il), and even if they are allowed to stand in air for several hours no
change was recognizable.
The case of above-mentioned reaction, that is, whether the displacement
of coordinated ethylene does occur or not, may be in relation to the electron releasing property of the substituents on the olefins involved. In
the case of vinyl ethers, 2-butne, styrene, etc., the reaction proceeded
easily, but in the case of the olefins having an electron withdrawing substituent sueh as vinyl acetate, acrylonitrile, furnaronitrile, 1,2-dichlor'o••
ethylene, etc., the ligand substitution reaction did not occur. The high
electron density of the double bond of the attacking olefin may be neces-

sary for displacing the ethylene coordinated with Pt(II). '
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Tab1e I. Analytical

data and physical

Olefin used

Yield,

Analysis, "A

%

( calcd•)

80

H, 1.91( i.87)
Pt, 59.27(60.20)

c,

CH2sCwoCH3

prop erties
Decomp •

temp,oC

of [C12Pt Olefin] 2'
tR v<C=c)
-1
cu

il .23(11 .!1)

123-124

1518

CH2.cnoCH(CH3)2 68

c, 17.29(17.05)
H, 2.88( 2.as)
Pt, 55.02(55.40)

sc-IOO

152i

CH2=CuaC(cu3)3

c, 19.rs(19.68)
H, 3.37( 3.30)
Pt, 52 .80(53 .28)

80- sc

1515

83

48
CH2aCnoCH2CH2Cl

c, 12.87<12.90)
H, 1.ee( 1.89>
Pt, 51.88(52.36)

100-110

1516

CH2=CwoCH2CF3 72

c, i2.01(12.l9)
H, 1.33( 1.28>
Pt, 50 .59(49 .50)

}22-i25

1510

cH2=cmosiMe3

c, 15.77(15.71)
H, 2.86( 3.16)
Cl, 19.13(18.55)
Pt, 51.27(51.04>

i20-122

1510

cisCH3CH#CeeCH3

c, l4.84(i4.21)
H, 2.38( 2.39)

"F '-t

.rvp-- .--

transCH3CH=CHOCH3

95

16

cxscH3cHscmosmae3

71

trans.cHosiMe3
CH3CH

65

Pt,

57 .21(57 .70)

c,
H,

14.82(14.2i)
2.41( 2.39)

Cl,
Pt,

20 .70(20 .97)
57 .21(57 .70)

c, 18.70(18.19)

H, 3.ss( 3.ss)

137-140

1520

145-148 .

1533

11&121

1507

121-123

(1507)

i40-145

1ss2

143-145

1535

130-138

1518

C, i8.02(18.!9)

H, 3.42( 3.56)
Cl, 18.6807.90)
C, 13.81(13.20)

.
CIScu30ca=CnoCH3

H, 2.re( 2.2D
82

CI, 19.83(19.48)
Pt, ss .04(se .58)

C, 13.91(13.20)

H, 228(2.21)

transCH30CH=CHOCH3

Cl, 20.17(19.48)
Pt, 53 .01(53 .58)
C, 27 .03(27 .01)

cis-

C6HsCHiCmoCH3

87

H, 2.49( 2.52)
Pt, 48.08(48.75)

?
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Table 1 shows yield, elementary analysis, decomposition temperature
and wave number of infrared C=C stretching vibration of the platinum complexes obtained.
All the palladium complexes were brown powder and were relatively stable even in air, as in the case of the platinum cornplexes.
Table II shows yield, elementary analysis, decomposition tempeTature
and wave number of infrared C=C stretching vibration of the palladium complexes obtained.
In case silyl vinyl ether, chloroethyl vinyl ether or trifluoroethyl
viny! ether was employed as the olefin, the respective palladiurn complex
was not obtained by this method.
Table II. Analytical data and physical properties of [C12Pd Olefin]2•
Olefin used

Analysis, X

Decomp.

x

( calcd.)

temp.eC

76

H, 2.48( 2.57)

Yield,

IR v<C=C)

-1

om

C, 14.67(15.31)

CH2sCHOCH3

6pt70

1538

63-71

1527

64-67

1520

65-75

15311•

70-78

(1ss1)

i20-130

(1543)

Ci, 30.ne(30.13>

CH2.CHOCH(CH3>3
57
CH2=CmoC(CH3)3 47

C, 26.19(25.97)

H, 4.41( 4.36)
H, 3.18( 3.23)

CH3CH=CmoCH3
CH3CH=CroCH3

H, 3.83( 3.83)

C, 19.50(19.26)

cis-

trans-

C, 23 .33(22 .80)

50

cis-

CH30CHsCroCH3 74
trans-

C, 19.08(18.10)

CH30CH=CHOcu3 54

H, 3.13( 3.04)

cis-

C6HsCH=CHOow3 30

l•

l/

1543

C, 34 .24(34 .70)

H, 3.20( 3.24)

10$112

iss6
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The yellow
cornparable to

Table III
red spectra of
Table III.
es:

powder-like complexes of Rh(I)-vinyl esters have stability
the vinyl ether cornplexes of platinum and palladium.
shows wave numbers of C=C stretching vibrations in the infra-

the rhodiurn complexes obtained., ,
The C=C stretching frequencies of Rh(r)-vinyl ester• cornplex-

[ L'2Rh Cl]2 (cm-1)

v

v(C=C) of

v(C=C) of

Magnitude

• free olefin

coord olefin

of shift

CH2=CHOCOH 1645 1495 i 150
CH2=CmoCOCH3 1650 1497 1ss
CH2=CwoCOCH(CH3)2 1650 1500 150

CH2=CnoCOCH2Cl 1649 i502 !47
1652 1498 154
•1653 1so2 151 .
CH2=Cmo9,OCH2CH3

CH2=CHOCOCF3

o'

t t ttt

'
'
Although the C=O stretching frequencies of the vinyl esters are almost
unchanged by coordination, their C=C stretching frequencies are lowered
about lso cm'1. However, a systematic influence of substituents was not
recognized in these frequency shifts.

The palladium complex of t-butyl vinyl ether was found to be fairly
stable towards 45 O!e hydrogen fluoride. This behavior is in contrast to
the fact that free vinyl ether easily decomposes into acetaldehyde and
alcohol in the presence of an acid and that some of ether linkages are
15) fluoTide.
easily cleaved by hydrogen
It was made clear that in contrast to the inertness of free vinyl
ether against alkali the coordinated vinyl ether is easily attacked by

OH ion and consequently is oxidized by the similar reaction to that of
the Wacker Process. We detected the theoretical amount of acetic acid and
s4 O!o of the theoretical amount of t-butanol. Thus the odcurence of the'
.Ii
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following reaction may be deduced.
.
OH-

[ C12Pd(CH2=Cmocue3) ]2 .- CH3COOcue3 + Pde + HCI + ClOH'

CH3COOcue3 - CH3COO' + Me3COH
This reaction clearly shows that, although, the Gouble bond of t-buiyl
vinyl ether in the free state is relatively electron rich, when coordinated to a metal it may be positively charged by the electrbn flow to the
rnetal and becomes liable to be attacked by hydroxy ion.
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CHAPTER II
n Complexes of Vinyl

Alcohol and Propenyl Alcohol

and Some Attempts for

the Direct

with Platinum(1I)

Preparation from

Aldehydes

Introduction
Gero succeeded in mesuring the concentration of the enol foTm of various
carbonyl compounds which are reluctant to enolize. However, he could not
d,' cect vinyl alcohol in acetaldehyde even by his highly sensitive method
and thus estimated the concentration of vinyl alcohol to be less than lo-5
o 1)

7o. It is well established that the cornpounds otherwise inaccessible can
be fixed as metal complexes, such as cyclobutadiene,2) ketenimine,3)
trimethyiene methane,4) carbene,5) orthquinodirnethane6) and b6nzyne.7)
Iron(II) complex of vinyl alcohol was also reported by Green and Ariyaratne;
it was prepared by the protonation of an oxoalkyl-iron cornplex,8) as shown
'

be1ow:
:til/FeSb(x,",.,

oc

+

,<.)l)

+H+
-H+

i;-,fiIg,

,,

,/Fe-

R: H or3 CH

In this chapter the preparation of vinyl alcohol and propenyl alcohol
complexes with platinum(II) in a completely different manner is described.
Some trials on coordinating the enol form of aldehydes to metals by
adding aldehydes to the ethylene complex of platinum were undertaken but
was unsuccessful.
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Experimental
The preparation of vinyl trimethylsilyl ether and propenyi trimethylsilyl ether are described in chapter I and IV, respectively.

The preparation ef cornplexes. To a suspension of Zeise's dimer,
[C12PtC2H4]2, in 5 ml of toluene, there was added about O.i ml of \.i'nyl

trimethylsilyl etheT. The mixture turned orange and became homogeneous
shortly after the addition. The toluene and the excess of vinyl trimethylsilyl ether were then evapoTated at room temperature to gi.ve a yellow
powder of [C12Pt(CH2=CHOSiMe3)]2, which decomposed under nitrogen at 1201220 c. Found: C, 15.77; H, 2.86; Cl, 19.13; Pt, 51•27 O-e• Cal.cd• for CsH12

C120SiPt: C, 15.71; H, 3.16; Cl, 18.55, Pt, 51.04 O-,.

This powder was dissolved in 10 ml of benzene containing about 200 pprn
of water. When the solution was allowed to stand overnight at room ternperature, fine ywllow crystals of the vinyl alcohol cornplex precipitated
in a 68 O!o yield; these crystals decomposed at 127-1310 C.
Found: C, 7.91; H, 1.33; Cl, 22.77; Pt, 62.77 O-o. Calcd. for C2H4C120Pt:
C, 7.75; H, 1.30; Cl, 22.87; Pt, 62.92 O/,.

A similar reaction of propenyl trimethylsilyl ether gave an orange
yellow powder of [C12Pt(CH3CH=CHOSiMe3)]2 which decomposed at 118-121e C.
Found: C, 18.02; H, 3.42; Cl,18,68 Oio. Calcd. for C3H6C120Pt: C, 18.19;

H, 3.56; Cl, 17.90 e!o. The hydrolysis was carried out similarly in moisP
benzene to give yellow crystals of the propenyl alcohol complex after
10 days at room temperature. The yield was 61 06, It decomposed at 118121e C.

Found: C, 11.28; H, 1.84; Cl, 22.37; Pt, 60.22 O-o. Calcd for C3H6C120Pt:
C, 11.12; H, 1.87; Cl, 21.88; Pt, 60.20 Oi,. •
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Results and Discussion
Indirect preparation of the vinyl and propenyl alcohol complexes.
As is shown below, 1,3-bis•-(alkenyl trimethylsilyl ether)-2,4-dichlorop-dichlorodiplatinum was synthesized by the replacernent of ethylene,by
t.
alkenyl trimethylsilyl ether ( c.f. chapter I ), and the Si-O bond was
hydrolyzed to give alkenyl alcohol complexes.

ci2pt."iilH2 ustHCmoSiMe3 ci2pt--.HCHR

CH2 2. HCOSiMe32
C12Pt":'[ll[]los,M,3' 2 ---!!ltL9-O C12Pt-"HHficli6H ]2 R H Or CH3

Since the Si-O bond of the vinyl trirnethylsilyl ether complex is
extremely sensitive to moisture, the vihyl alcohol complex was formed

when the complex was treated with wet benzene. It was also formed when
the vinyl trimethylsilyl ether complex was exposed to air ( 700-o humidity )
at room temperature foT about 10 minutes.
On the decomposition of the vinyl alcohol complex with pyridine,
acetaldehyde was liberated and was detected by gas chrornatography.
Infrared spectra of the vinyl and propenyl alcohol complexes are
shown in Fig. 1. Specif•ic absorptions of v(OH) and v(C=C) are obvious
and no carbonyl absorptions are found in both complexes. The detailed
study on the infrared spectum of the vinyl alcohol complex is described
in chapter III. ti
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Attempts' on the direct preparation of the enol complexes.

Enol form of an aldehyde or ketone rnay be able to replace the ethylene of
[C12PtC2H4]2 to give the enol complex.

RCH2CHO pt RCH=CH-OH

' H>r,c!R
2 RCH=cH-OH + [C12PtC2H4]2 -•---•---. [C12Pt--" ]2 + 2 C2H4

. . H-Iii NOH

To check the possibility of the reaction mentioned above, the following experiment was performed.
Acetaldehyde ( the enol content is known to be less than lo-5o!ol) ),
propionaldehyde, phenylacetaldehyde, phenylacetone ( the enol content 2.9
o!ol) ) or acetylacetone ( the enol content 76.40io 1) ) was added at room
temperature to the ethylene cornplex of platinum or its toluene suspension.
The rnixture turned yellow and homogeneous shortly after the addition.

After a few hours or more, most of the toluene was removed by evaporation
and then petroleum ether was added to the mixture to precipitate the
complex. The resulting yellow powder was found by infrared spectroscopyi
to be the unchanged ethylene complex in all cases and no enol complex was
detected. When the mixture was allowed to stand for a long period of time,
a side reaction, probably. aldol condensation of the carbonyl compound,
occurred and the platinum(II) compiex decomposed gradually.
By the reasons stated in chapter I, the enol form of acetylacetone
is supposed to have no ability to replace the ethylene coordinated to
platinum(rl) owing to the strong electron-attracting property of the
carbonyl group. On the other hand, judging from the fact that trifluoroethyl vinyl ether react readily with Zeise's dimer, vinyl alcohol and
propenyl alcohol probably have the ability to replace the cdordinated
ethylene. However, the concentration of these enols in acetaldehyde and
propionaldehyde, respectively, seem to be too low to make the reaction
'
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CHAPTER III

Infrared Spectroscopic Study of Enol and Enol Derivatives Coordinated
to Platinum(II) and Palladium(II)

Introduction
The vinyl alcohol complex, [C12Pt(CH2=CHOH)]2, described in chapter II
does not contain organic moieties otl er than vinyl alcohol so that the
analysis of its infrared spectrum is relatively easy.
The-double bond of coordinated olefin, in general, approaches a single
bond to some extent, as is confirmed by the shift of C=C stretChing to the

lower frequency. Recently Nakamoto et al. analyzed the normal coordination
of the ethylene coordinated to platinum(II) and concluded that the force
constant of the stretching.of the double bond is 6.00 mdyn!ft which is 19
1) It ethylene.
O-o smaller than that of free
may be thought that vinyl
alcohol, as vinyl ethers, includes such resonance structure as;

-+
CH --•CH-O-H . CH -CH=O-H

22

However, the contribution of such resonance form may be decreased upon
T-coordination to a metal since the double bond character of coordinated

olefin is smaller than that of free olefin. .
In order to obtain the force constants of C=C and C-O stretchings of the
T-coordinated vinyl alcohol, approximate in-plane normal coordinate analysis
was carried out. It may be thereby possible to estimate whether there exist
or. not the above-mentioned resonance structure and the coordination of the
6AYgen atom to the metal.
Meanwhile, Nakarnoto et al. also analyzed the far infrared spectra of
:glge,ig,Xlgis !2.izp,:,ci.:4,]x.,c".:,ixs,g"ggdk'ge.ci :lg.g 22d,ggslfi?rd.;h2,.

platinum complex and to-1that
at palladium
427 cm 2)
of the
compiex.
In orde' r to know the coordination power of vinyl ethers to platinum(II)
and palladium(II), we mesured the far infrared spectra of vinyl ether

-- 18-

complexes of the Zeise's dirner type in -1
the range of 700-100 cm , and compared the frequencies of the absorptions, which are assignable to the
metal-olefin stretching vibrations, each other.
It has often said that the magnitude of shift upon coordination in C=C
stretching mode reflects the strength of metal-olefin bond. Free vinyl
ethers have, however, complicated two or more absorptions in the '

CFC

stretching region,3) '

and moreover, the C=C stretching vibration of Lthe
coordinated olefin, as in the case of coordinated ethylene,1) may strongly'

couple with other vibrations. Thus, the shift width of C=C stretching vibration by coordination cannot be taken to be a mesure of coordination strength.
Accordingly, the direct mesurement of metal-olefin stretching vibration as
mentioned above is desirable.

Experimental

Preparation of complexes. Preparation of platinum and palladium
complexes aTe described in chapter I and II. Platinum complex of CH2=CHOD
was obtained in a similar method to that of the vinyl alcohol complex
mentioned in chapter II, that is, the hydrolysis of the silyl ether bond
of trimethylsilyl ether complex with a small arnount of heavy water.

Spectral mesurernents. Spectra were obtained mainly by means of the
Nujol mull technique using a Hitachi EPI-2 (4000-700 crn-1), a Japan
Spectroscopic Ds-4o2G (7ocF soo cm-1) and a Hitachi FIs-1 (soo--loo cm-1)
spectrorneter.

Procedure of calculation. It is assumed that vinyl alcohol molecule
is planer and that this plane is retained even in its coordinated state.
Vinyl aicohol has 15 (3x7-6) fundamental vibrations and of these, 11 are
in-plane vibrations and 4 are out-of-plane vibrations. In this study, only
the in-plane vibrations are examined.
It is expected that the vibrations of the vinyl alcohol'molecule co-.
ordinated to platinum couple extrernely weakly with other vibrations such
as those due to Pt-Cl bond. Thus, the single exarnination of the vibration
of vinyl alcohol coordinated to a metal may be righteous.
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'
Nakamoto et al. estirnated that the C=C and C-H distances of the coordinated ethylene are 1.364 X and 1.089 X, respe6tively.1) In the case
of the coordinated vinyl alcohol, these values are employed. With respect
to C-O and C-H distances,oo
1.42 A and O.956 A, respectively, are used. It
is estimated that,all the angles around the carbons are 1200 and that the
angle LCOH is 110e. The geometric relation between the O-H bond ind the
C=C double bond is unclear, and in this case it is assumed to be tfans.
Fig. 1 illustrates 13 internal coordinates employed for the calculation.
'

'

H2 Hl
r2 lt1

P3 Pl
a2 'c R C2al

P4 B2

r3

r4

'b
X:H orD
H3
rl= r2u r3= i.08gA O rs
x

ee

r4s 1•42 A rst O.956 A Rs 1.364 A
alS a2= Pi= B2= B3= 34= 1ro' be 110'

Fig. 1

. Structure and internal coordinates of coordinated vinyl alcohol

Tab1e I lists the symmetry coordinate used in the present woTk.
The F matrix elements for the in-plane vibrations were expressed in
4) A matrix
field. seqular equation of
teums of the Urey-Bradley force
1
GF-EA
l=o
5)
was
constructed
and solved using a NEAC 2203
the form
computer.

.
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Table I. Symmetry coordinates for the in-plane vibrations of the
coordinated vinyl a'lcohol.

Symmetry coordinate Vibrational mode a)

Sl =Arl v(CH)

S2=1iV2(Ar2 -Ar3) v,(CH2)
S3=1iV7(Ar2 +Ar3> v,(CH2)

S4 =Ar4
v(co)
l

Ss = Ars

v(OH)

S6=AR . v(C=C>
S7=11V6( 2Ap2 -Aal -ABI) b(CCO)

Ss '= 11A(ABI -• Aal) b(CH)
Sg=1!V6I( 2Aa2-Ap3 -Ap4>; . b(CH2)

Slo= 11V'IE7(AB3 -Ap4) ' r(CH2)

Sn= Ab b(OH)
S12= 1/VfliT(Aal +Apl +Ap2) Redundant
S13= liVlil(Aa2 +Ap3 +A34) Redundant

a) vs and va, symmetTic and asymmetric stretching; 6, bending;
r, rocking.

Results and Discussion
A. Normal coordinate analysis of coordinated vinyl alcohol.
The best sets of force constants for the coordinated vinyl alcohol

are listed in Table ll. '

Table III and IV compares the observed frequencies with those calculated for coordinated vinyl alcohol and its deuterio analog by using
those sets of force constants.
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Tab1e

n. Force constants for
Stretching

Bending

Repulsive

Tab1e rll . Vibrations
,

vinyl

4 .63

K(C=C)

5 .85

K(C-•O)

5•oo

K(O-H)

6.00

H(HCH)

O .37

H(HCC)

O.15

H(CCO)

O .32

H(HCO)

O.22

H(COX)

O .47

F(H•-H)

o .oo

F(H •-C)

O .30

F(C -•O)

O .70

F(H -•O)

1 .00

F(C-•X)

O .50

-1

Ca1cd

3260 s
3080 vw

3345
3140

3P20 vvr

3019

viny1 alcoho1;

( PED %)
v(OH)(100)
v(CH)(99)
v,(CH2)(iOO)
v,(CH2)(99)

2916
1550 s
1405 w

1567

v(C=C)(45), b(CH)(as)

i41i

b(CH2)(65), 6(CH)(20)

i330 s
1270 vs

1340

b(OH)(48), v(CO)(34)

1pa4

b(CH)(43), v(CO)(21)

i145 W
850 w

1099

v(C=C>(33), v(CO)(27)

834

497 s

495

r(CH2)(78)
b(CCO)(82)

Frequencies not

b(CH2)(i2)
'

'

934 m

b(OH)(13)
'

calculated

Out-of-plane

b(OH)(11)

'

10i3 vw

ee8 vs

=CH--OH.
CH
2

Assignment

, crn

Obsd

coord i nated to Pt(II)

K(C•-H)

of coordinated

Frequency

alcohol

bending

o
. (rndyn/A)
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Table IV. Vibrations of

coordinated vinyl alcohol; CH2=CH-OD•

Frequency, cm-!

Assigruner'tt b)

obsd a) caicd

( PED %)
v(CH)(99)
v,(CH2)(1OO)
v,(CH2)(99)
v(OD)(100)

3078 w 3141
3015 w 3019
2916,

2420 m 2436
i527 vs i551

v(C=C)(47), b(CH)(26),

1405 w 140i

b(CH2)(63), b(CH>(33)

l270 vs 1284

v(CO)(60), b(CH)(l4)
v(C=C)(24), b(CH)(23),
b(OD)(76>
'r(CH2)(73)
b(CCO)(82)

1220 s i169

940m 9i9
850 w 831
490 s 4eo
Frequencies not

b(CH2)(15)

v(CO)<18)

calculated

le13 w

985 s

Out-of-plane bending

973 sh
800 vw

a) vs, very strong; s, strong; m, medium; w,-weak; vw, very weak;

sh, shoulder. b) v, stretching; 6, bending; r, rocking;
s, symetric; and a, asymrnetric.

The product rule for isotopic frequencies6) works extremely wen in
this case and thus it supports the righteousness of the assignment made.
Table II shows that the force constant of C=C stretching is slightly
smaller than that of the coordinated oethylene (6.00 mdynlA), and that the
force constant of its C-O stretching is relatively larger than that of
methanol (2.43 mdyn/X)7)or diethyl ether (4.3s rndynl&) .8) These figures

reas6nably imply that such resonance structure as CH2=CH-OH N EH2-CH=6H
exists to relatively large extent, and simultaneously that the lone pair
electronsof the oxygen do not interact with platinum.
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B. Metal-olefin

stretching vibratios

Fig. 2 shows

far infrared spectra

of the

which M represents

platinum or palladium.
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(continued). Infrared spectra

With

respect to the ethylene
Nakamoto et al. reported that the
are well
strength

isolated -and thus their

of coordination.2) The

-1

cm

of [C12M L] 2'

cornplexes with platinum and palladiurn,

metal-ethylene stretching vibrations
frequencies by themselves reflect the
infrared spectra of many platinum and
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palladium complexes of vinyl ethers, as is shown by the figures, satisfactorily correspond to that of the ethylene complexes at the iow frequency
region, and the absorption with an arrow sign can be assigned to the
stretching frequency between metal and olefin. Although this absorption
is not so isolated as in the case of ethylene, it may be regarded as the
semi-quantitative measure of the coordination strengzh of vinyl ethers.
Table V lists the stretching vibrations of metal-olefin bonds thus obtained.
L

'
Table V. Metal-olefin stretching frequencies of [C12M'Olefin]2. (M= Pt,Pd)
'

'
Metal

Olefin

Pt Pd
'

408 427 cm-1

CH: =CH2

CH2=CHCCH3 (410?) 376
CH2=Cl-IOC(CH3)3 408 384

CH2=CHOCH2CF3 440 -.

CH2=CHOH 402 d.
cis-CH3CH=CHOCH3 438 .404
cis-9H3CH=CHOSiMe3 430 -

CH3CH=CHOH 427 ''

This table introduces the following conclusions with respect to the coordination strength of vinyl ethers:
'
'
a) The coordination strength of vinyl ethers to palladium is far weaker
than rhat to platinum. If they were comparable in magnitude, the absorption
of the palladium complex should be at about 20 cm'•1 higher than that of
platinum complex due to the mass effect.
b) The coordination strength of vinyl alcohol with platinum is almost
equal to that of ethylene.

' c) Propenyl ethers are fairly stronger than the corresponding vinyl

-26-

ethers in the coordination strength.

d) 2,2,2-Trifluoroethyl vinyl ether is much larger than alkyl vinyl
ethers in the coordination strength.
The conclusions c and d irnply a U-shaped relationship between the
electron-releasing property of substituents and the coordination.strength
in the eoordination of vinyl ethers. The methyl group at the B posi,tion
t' strength by its electron remay consequently increase the coordination
leasing property, in spite of the fact that it may sterically interferes
the coordination.
Okamura et al. calculated the energy levels of methyl vinyl ether and
methyl, propenyl ether by means of the extended HU'kel method, and suggested
that the energy levels of the lowest vacant orbital and the highest filled
orbital of rnethyl propenyl ether are respectively higher thah those of
methyl vinyl ether owing to the B methyl group.9) In the cooTdination of

propenyl ethers, therefore, the u-donation from the olefin to the metal
may play a predominant role.
The low cationic polymerizability of 2,2,2-trifluoroethyl vinyl ether
is wen knownlO) and is explained by the electronrwithdrawing effect of
fluorine atoms. The energy levels of the lowest vacant orbital and the
highest filled orbital of trifluoroethyl vinyl ether are probably lower
than those of alkyl vinyl ethers due to the inductive effect of fluorine.
It is supposed that these energy level lowering by fiuorine is convenient
for the coordination by favoring the badk donation from the rnetal to the
olefin.

'

'
However, d-orbital energy levels of platinum(II) or palladium(II),

which are employed for the coordination with olefin, are not determined
so that the relationship between the energy levels of these ligands and
rneta.ls cannot be shown clearly.
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CHAPTER IV
Cis-trans Isomerization of

Internal Olefins Coordinated to Platinum(II)

and Palladium(II)

Introduction
Double bond migration of olefin in the presence of catalytic amounts
1) --3)
of a transition metal complex has been studied
This extensively.
reaction, postulated to proceed via a metal-olefin complex followed by
either the metal hydride addition to the double bond or the formation of
T-allyl metal hydride, necessarily accompanies cis-trans int,erconversion
of the olefin. However, only a few studies have been made about cis-trans
isomerization of the olefin which is coordinated to a transition metal.
Jonassen and Kirsh investigated the infrared spectra of [C12Pt L]2
(L= cis- and trans-2-butene), concluding that no cis-trans isomerization
4)
of 2-butene takes.Joy
place.
and Orchin obtained the same result with
L= 4-methyl-2-pentene; they also found that the 4-methyl-cis-2-pentene
5)
cornplex is about twice as stable as the trans isomer.
In this chapter, we wish to describe the first example of cis-trans
isomerization of internal olefin coordinated to transition metals. Olefin
complexes examined are Zeise's dirner type, [C12Pt Olefin]2, where olefins
are propenyl methyl ether, spropenyl trirnethylsilyl ether, 1,2-dimethoxyethylene, B-methylstyrene and 2-butene. Palladium complexes, [C12Pd Olefin]2
in which olefins "afre propenyl rnethyl ether and 1,2-dimethoxyethylene, were

also studied..

Experimental

Solvents. Toluene and petroleum ether were purified by the ordinary
method and dried by refluxing over sodium for several days. They were
freshly distilled befoTe use.
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Preparation of olefins. Propenyl rnethyl ,a.ther was prepared by the
pyrolysis of propionaldehydedimethylacetal.6) cis and trans isomer were
separated by fractional distillation through a spinning band column of
1.5 m long and confirmed to be pure by glc analysis (Tricresyl phosphate,

1.s m). bp cis 4s.OOC, trans 48.00C NMR coupling constant, Jcis= 6•5,
'
trans
Propenyl trimethylsilyl ether was prepared according to petrovS's method7)

J

from acrolein and trirnethylsilane. Cis and trans isomer were separated by
fractional distillation. The cis isomer fraction contained about 100-o of
hexarnethyldisiloxane as an impurity. The trans isomer was found to be pure

by glc (Silicon DC 550, 1.5 m), bp cis 970C, trans 1040C NMR coupling constant, Jcis= 6•O, Jtrans= 12•O CPS•
1,2-Dimethoxyethylene was prepared, as described by Baganz et al.e)
by dechlorination of 1,2-dichloro-1,2-dimethoxyethane with magnesium.
Cis and trans isomer were separated by fractional distillation. Baganz
and his cowarkers measured the dipole moment of 1,2-diethoxyethylene and
obtained the following result; cis 2,57 D (bp 134.7eC), trans 1.82 D (bp
132.40C).8) We measured the dipole moment of 1,2-dimethoxyethylene in
benzene and obtained the value 2.00 D for the higher boiling (970C) isomer
and 1.83 D for the lower boiling (93eC) one. The data of dipole moment,
together with the result of Baganz and his coworkers for diethoxyethylene,
proved that the higher' boiling isomer is cis and the lower boiling one,
ls trans.

Cis-B-methylstyrene was prepared according'tD Foltz and Witkop by
9)
stereospecific reduction of phenylmethylacetylene.
bp 47-480C/10.5 mmHg, pure gaschromatographycally (Silicon DC 550, 1.Sm) i
Trans-B-methylstyrene was prepared by dehydration of phenylethylcarbinol with A1203 at 3500C and fraetionaliy distilled.
bp 68.S-690Cl18 mmHg, gaschromatographycally pure (Silicon DC 550, 1.5 m).
'

,.,filll,]t.h,eg;3'pO,f.,[,.C.i.2.Pt..O,iepf.',",].2,,.a.".d.[.C.iiP.d..O,iiie3f,.i,",]2.'i.,,De.t,fti.'

ig[.t,l):,,.,,

are described in chapter I. Platinurn complexes of cis- and trans-2-butene4)
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and cis- and trans-B-methylstyrene were prepared in a similar way.

Cis-trans isomerization. The isomerization of olefin in the coordinated state was observed by means of infrared spectroscopy. The spectra
were recorded using the nujol rnull or potassium bromide pellet technique
with a Hitachi model EPI-2 or a Japan Spectroscopic DS-402G specyrophoto.In chapter I, it was shown that the platinum complex of propenYl tri-methylsilyl ether can be prepared at room temperature and that the reaction
mixture is homogeneousi.2)rhe change of cis/trans ratio of propenyi trimethyisilyl ether in the presence of the complex was followed by gaschromatography

as described below. Fifty mg of [C12PtC2H4]2 was suspended in 4ml of
toluene and the temperature of the suspension was kept at 500C. Propenyl
trimethylsilyl ether (1 ml) was then added and a smaM amount of the Teaction mixture was withdrawn periodically to be analyzed for the cisltrans
ratio by gaschromatography (Silicon DC 550, 1.5 m, 850).
Decomposition of the complexes with pyridine. Platinurn and palladium
complexes of propenyl methyl ether can be decomposed with pyridine, liberating the original olefin without foTming any by-product.
For example, to 200 mg of [C12Pt(CH3CH=CH-OCH3)]2, was added 1 ml of toluene
containing caluculated amount of pyridine. The complex dissolved irnmediately and within 1 Sour there precipitated white crystals which appered to be
[PtPy4]C12• The supernatant solution was analyzed by gaslchrornatography

(Tricresyl phosphate, 1.5 m, 400C)}to determine the cis/trans ratio of

the liberated propenyl methyl ether. , '

Results

,Complexes of propenyl methyl ether. The infrared spectra of the
propenyl methyl ether-Pt(II) complex are shown in Fig. 1. The spectrum
of the freshly prepared complex of trans-propen>rl methyl ether already
contained the absorptions which are specific to cis-propenyl methyl ether
complex (Fig.1-a). A part of the cornplex was allowed to stand under argon•
at 700C for 48 hours. The other was dissolved in toluene and kept at 700C
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Fig.1. ir spectra of [ C12 Pt (CH3CH=CHOCH3)]2
a> Complex prepared from trans CH3CH=CHOCH3
b) Sampie isomerized in a solid state
c) Sample isomerized in a soln.
Complex prepared from cis CH3CH=CHOCH3

overnight. The spectrum of the latter became equal to the spectrum obtained from cis isomer (Fig. 1-c) while that of the former showed that the
isornerization Was incomplete (Fig. 1-b). These facts indicate that the
isomerization is easier in a solution rather than in a solid state.
When the propenyl methyl ether was displaced with pyridine from the
complex which showed the spectrum of Fig. 1-c, propenyl methyl ether of
cis/trans ratio=3.1 was yielded. As is discussed afterwards, the cisltrans
ratio of olefin in the decornposition product doeS not necessarily represent the cis!trans ratio in the complex. So far as one judged from infrared spectra, the trans isomer completely changed to the cis isomer in
The infrared spectra of palladium(II) complexes with propenyl methyl
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ether we]re similar to the spectrum shown iri Fig. 1-c, independent of the

olefin isomers used. This indicates that propenyl methyl ether is apt to
have the cis configuration in palladium complex as well,as in platinurn
complex and the rate of isomerization appers to be rnuch faster in palladium
complex than in platinum complex.
The palladium complex prepared from trns--propenyl methyl ether was
drrvomposed with pyridine and the cisltrans ratio of the liberated ppuopenyl

methyl ether was found to be about 45. In case of palladium complex, the
cis/trans ratio in the decornposition product seerns to be nearly equal to

the cisltrans ratio in the complex.
When the propenyl methyl ether complex with, platinum or palladium was
,
decomposed with pyridine, only propenyl methyl ether was liberated and
no allyl methyl ether was detected. We tried to synthesize allyl methyl
ether complex of platinum by the reaction of [C12PtC2H4]2 and allyl rnethyl
ether. Although the reaction did occur, isolation of the complex was unsuccessful owing to instability of the complex.
From the facts described above, it was concluded that propenyl methyl
ether isomerizes from trans to cis in the coordinated state without forma•tion of allyl rnethyl ether.

'Platinum(II) complexes of propenyl trimethylsilyl ether. Complexes
obtained from cis- and trans-propenyl trimethylsilyl ether gave identical
infrared spectra. The 13oO-9oo cm'1 range of the spectra quite resembles

, -•1

cornp 1 ex
,
peak
at crn
ttiat of cis-propenylether
methyl
except
the 1255
which is attributed to --Si(CH3)3 group, indicating that propenyl trimethyl-

silyl ether also adopts the cis forrn when coordinated to platinum(Ir).

In Fig.'2, the change of cisltrans ratio of propenyl trimethylsilyl
ether with time in the presence of IC12PtC2H4]2 is shown. At point A in
the figure, some quantity of trans isorner was added to the mixture to
disturb the equUibrium but in less than 1 hour the cis!trans ratio again
attained the constant value of about 2,8. The deviation of cis/trans
ratio in the reaction mixture fTom that in the complex is discussed later.
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345

o

Fig. 2.

67

B 9 10

, hr.

The change of cis!trans ratio
of CH cH=CHOSi(CH3)3
3
catalyzed by [C12PtC2H4]2 in toluene at 500c.

1,2-Dimethoxyethylene complexes. C=C stretching frequency on the
infrared spectra of 1,2-dimethoxyethylene which is coordinated to platinum(n) is is62 cm-i for the cis isomer and ls3s cm-i for the trans isomer. The trans isomer complex has characteristic absorptions at g2s cm-1
(medium) and sso cm-1 (weak) although other absorptions in 4ooo-6so cm-1
region are almost equal to those of the cis isomer complex. The isomerization
was best observed by the change ofpeak' intensities at ls62 cm-1 and ls3s cm-1.
The change of optical density ratio of these bands with time is shown in
Fig, 3.

5.0

4 .0cisv(C=C)
1562 cui-i
Dlss2
DIsas 2.0
i .o

3•O trans 1535 ca-1
A

B

O 40 80 120 160 200 240 280 3ne
Time, hr.
Fig. 3. The change of Dls621Dls3s on the IR spectra of [C12Pt(CH30CH=CHOCH3)]2
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The freshly prepared cis-1,2-dimethoxyethylene complex already contained
the trans isomer in about 200-o (see Fig.3 time=O). The content of the
trans isomer increased rapidly at first stage but became .constant after
about 50 hours. At point A, the nujol mulled sample was exposed to air
for 5 minutes and the change started ag'ain. At point B the sample was again
.
exposed to air for 10 ninutes. After 300 hours,
only a strong peak' at
ls3s. cm-1 . was observed and the band at ls62 cm'1 disappeared. The a'

cceler-

ation of the change at point A and B is, as is discussed afterwards, supposed to be caused by moisture in air, which acted as a catalyst of the isomerization. The saturation of the change (Fig. 3) may be attributed to limited
diffusion of the water since the spectra were observed using a solid state
sampie as a nujol mull.
'
Palladiu.m complexes of 1,2-dimethoxyethylene
were prepared from the cis

and trans isomers and both showed the same infrared spectra. Comparing the
spectra with that of the platinurn complexes, it was infered that 1,2-dirnethoxyethylene takes trans form also in palladium complex.
On the bases of these facts, it was goncluded that 1,2-dimethoxyethylene
isomerizes from cis to trans forrn when coordinated to platinum(II) or
pa11adium(II).

Discussion

Cis-trans isomerization of olefins coordinated to platinum(II). The
most accepted mechanisrn for the double bond migration of olefins catalyzed
by transition metal complexes is addition-elimination of metal hydride to
the double bond.2)3) The double bond migration reaction of 1-hexene in '
alcohol or acetic acid in the presence of [C12PtC2H4]2 was studied by
Harrod and chalk.13) The alcohol or acetic acid was postulated to be the
source of hydride. Chatt and his coworkers investigated thermal decomposition
of the complex trans-[Pt(Et)Br(PEt3)2] and suggested the reversible reactionl•,4)'

CH

Pt (C 2Hs) Br (PEt3)2 r2===== == lil H---PtHBr (PEt3)2

2

..

In the present work
is also explicable
'
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the cis-trans isornerization

' of the coordinated olefins

by the addition-elimination

mechanism of platinum hydride.
'
'

RNcH.cH - RNcH-cH

RNcu.owzOR,

pi-HNOR' '`"--- Npt`,3"9'R'

Pt-H
(X'II)

(I) (II)

' ' increased when the
1somer1zat1on
'
prob ably caused by water in air, which
sample was exposed to air. This is
reacted as the source of hydride. The role
of water as the souree of hydride
15)16)
is known in the preparation of cobalt
cyanide hydrides. In the
present case, the formation of platinum
hydride from a trace amount of
water in the solvent or in the air would
proceed by the sarne mechanism as
3)
that of rhodium hydride from acidic
proton.
As is shown in Fig. 3 the rate of '

ptll + H+

= Pt
IV
.---H

As we have seen, coordinated B-methylstyrene and 2-butene do not undergo the cis-trans isomerization whereas coordinated propenyl ethers and
i
1,2-dimethoxyethylene
isomerize very easily. This can be interpreted by
two reasons. First, the double bond of propenyl ethers aiid 1,2-dimethoxyethylene are supposed to be more electron rich ,than that of 2-butene and
B-methylstyrene because of the conjugation with the lone-pair electrons
on the oxygen atom. Accordingly, the plarinum atom coordinated by propenyl
ether.s or 1,2-dimethoxyethylene should have more electron to reduce the
proton (eq.2) than the platinum coordinated by 2-butene or B-methylstyrene.
Secondly, a transition state such as (II) in eq. I would be stabilized by
weak coordination of oxygen to fill up the coordi•nation sites around the
metal.

It has been known that cis olefin can coordinate more easily than the
corresponding trans isomer5)i7) probabiy because steric interactions
between olefin and metal is greater in the trans form. .In a free state,

(2)
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however, a trans olefin is thermodynamically more stable than the cis
isomer aithough the reverse is true for some dihaiogenoethylenes.18)
Consequently, which of (I) and (III) in eq. 1 will be a predominant product is governed by relative importance of these two factors . In case of
propenyl ethers, a steric interaction between propenyl ether and the metal
t
seems to be the major factor, favoring cÅ}s form in the isomerization. On
,
the other hand, 1,2-dimethoxyethylene isomerizes
from cis to transY proba-

'
bly because the dipole-dipole repulsion between
two rnethoxy gToups is
severe in its cis form.
In the isomerization of propenyl methyl ether, allyl methyl ether was
not formed. This may be attributed to the instability of allyl methyl ether
complex of platinum.

Cis-trans isomerization of olefins coordinated to palladium(II).
Isomerization of propenyl methyl ether and 1,2-dimethoxyethylene had been
accomplished before rhe infrared spectra of the palladium complexes were'
observed. Since spectra were recorded immediately after the preparation
of the complexes, the isornerization rnust be fairly rapid.

' The potential required to oxidize palladium(II) to palladium(IV) is so
high that hydride forrnation according to the reaction similar to eq. 2 is
unlikelY. On the other hand, it has been known that Pd-Cl bond is reactive
enough to add to butadienei9) and anen.20) considering these facts, we
suggest the following mechanism for the cis-trans isomerism of propenyl
methyl ether and 1,2-dimethoxyethylene on palladium(11).

RN

CH.CH
I XoRt . .
Pd-Cl

")

RN ICI
g-C-<..oR•

Pd t
li ("'

RN !OR,

."'--"CH7CH

l
Pd-Cl

(tu)

R. !OR,
vatHCi,OR' RCH7CnoR'
CHTCN
l
l Cl
Pd-H

Pd-H

<tv)

cv)

(3)
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The possibility of forming hydride complex such as (V) was excluded by
elementa! analysis of the complex. Also, the complex like (IV) was not
found in infrared spectra. Therefore, the isomerization would proceed
via (I)--(II)--(III)
.

The cis/trans ratio of olefins in the presence of a catalytic amount
of complexes. Recently, Orchin and his coworkers suggested that disx'
placement of coordinated ethylene by pyridine may proceed by prior nÅÄu
21)
rearrangement.

91 . CsHsN {il

CcnH

H2

i--P l-NCsHs = CsHsN•CH2`-CH2•-:,l-NCsHs

(4)

c,

In the present work the isomerization of the coordiriated olefin was
almost cornplete so far as one judges from infrared spectra. Whereas de-

composition of the propenyl methyl ether complex of platinum with pyridine
gave free propenyl methyl ether of the cis/trans ratio=3.1. Futhermore,
the cisltrans ratio of propenyl trimethylsilyl ether in the solution in
the presence of the platinum complex reached a constant value of about 2.8.
These phenomena will be explicable if a u-bonded state analogous t6 eq. 4
is assurned as an intermediate of olefin displacement either by pyridine
or by other propenyl ether molecule.

CH
CH

-RXIR1 R

M... Il F == X--M-CH-CH-,-:X
•---• xx + CN=CH

NOR, ORt

t iORt

(5)

X: pyridine(N) or olefin (O)
-If the olefin molecule which is about to leave the metal, spend enough
tirne on the a complex state to allow rotation around the C-C bond, the
cis!trans ratio of the liberated olefin will be controlled by the
confoTmation of the cr complex.
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SUMIVIARY

Acetaldehyde is a potential starting monomer for the preparation of
poly(vinyl,alcohol) so long as one judges from its energy level Telationships. The present work has been perforrned to find out some clue as to
the possibility of enolization-polymerization of a!dehydes.
Vinyl ethers and their derivatives are Tegarded as enol derivatives;
the preparation of their complexes with platinum(II) and palladium(II) are

described in chapter I. In addition, it was shown that coordinated vinyl
ether reacts readily with hydroxy ion, in the sarne way as the Wacker Process,
'

to produce acetic ester. i ,
In chapter II, synthesis of platinurn(II) cornplexes with enol itself

(vinyl alcohol and propenyl alcohol) is described. Atternpt has been made

to realize the enolization-coordination of aldehydes or ketones but so far
unsuccessfUl.
The enol and enol derivative complexes of platinum(II) or palladium(II)
thus obtained were studied by rneans of infrared spectroscopy in chapter III,
i
and the following conclusionswere deduced:
a) Coordinated vinyl alcohol includes such a resonance form as

CH2=CH-OH-+
N CH2-CH=OH to a relatively large extent.
b) Vinyl alcohol coordinates with platinum(Il) with almost the equal
strength to that of ethylene.
c) Platinum(II) coordinates with vinyl ethers much more strongly than

palladiurn(II) does. ,

d) Propenyl ethers are far stronger than the corresponding vinyl ethers in the

coordination strength although the B-methyl group may interfere sterically
the coordination.
e) 2,2,2-trifluoroethyl vinyl ether has much stronger coordination power
than alkyl vinyl ethers;
In chapter IV, we describe the discovery that' propenyl ethers and 1,2dimethoxyethylene isomerize readily in the coordinated state. PTopenyl
ethers •were found to isomerize from trans to cis in contrast with the
observation that 1,2-dirnethoxyethylene isomerize from cis to trans. It was
'
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confirmed that 2-butene and B-methylstyrene dp not isornerize at all under
the same condition used. A transition state was suggested,.in which the
oxygen atom weakly coordinates to metal and T-coordinated vinyl etheT.
derivatives undergo conversion into a a-bonded structure.
Thus, useful informations on enol and enol derivatives in the coordinated state have been obtained.
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