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ABSTRACT: Studies of the polymerization of racemic propylene sulfide (PS) by n-BuLi-(—)LiOR* (x denotes
chiral group) show that the development of optical activity in the polymers can arise both by the ordinary asym-
metric selective polymerization of (S)-PS and by two secondary reactions: first, by selective desulfurization of
(R)-PS (both the unreacted PS and the polymer have a negative rotation at small conversions of PS into poly-
mer); and second, by selective decomposition of (S) polymer chains. The latter is also confirmed by the asym-
metric decomposition of optically inactive poly(propylene sulfides) by the same catalytic system. Possible reac-

tion mechanisms for these processes are considered.

The method of asymmetric synthesis of macromolecules
has been widely used for solving fundamental questions in
polymer chemistry. However, little attention has been
paid to studies of the feasibility of finding asymmetric
reactions involving both the monomer and the polymer
chain which can occur in the course of the asymmetric
synthesis of polymers. Recently it has been shown! that
for the system n-BuLi-(—)LiOR* (LiOR*, lithium men-
thoxide) the asymmetric polymerization of (RS)-propyl-
ene sulfide (PS), involves three distinct mechanisms: (1)
simultaneous PS desulfurization and PS polymerization
with the formation of optically active polymers with the
disulfide bonds; (2) decomposition of polymer chains with
propylene evolution and the formation of oligomeric prod-
ucts; (3) oxidation of oligomeric products either by the el-
ementary sulfur evolved or by lithium polysulfide with the
formation of optically active polymers with much higher
quantity of disulfide bonds.

Therefore it appears that the asymmetric stereoselectiv-
ity observed?! is due to the participation of each of these
three processes in asymmetric reactions. In the present
paper we show the feasibility of bringing about both the
asymmetric desulfurization of (RS)-PS and the asymmet-
ric decomposition of the polymer, which takes place dur-
ing polymerization of this monomer by the catalytic sys-
tem n-BuLi-(—)LiOR*.

Experimental Section

All operations (purification of monomer and solvents, catalyst
preparation, and polymerization) were carried out under dry
argon. (RS)-Propylene sulfide (PS) (chromatographic purity
99.9%) was dried over calcium hydride and recondensed in the
reaction vessels directly before use. n-BuLi-(—)LiOR* was pre-
pared by reacting n-BuLi with [-menthol by the procedure de-
scribed in a previous publication.? The organozinc catalysts were
obtained from ZnEt; by a reported method.?

(1) A. D. Aliev, B. A, Krentsel, G. M. Mamediarov, I. P. Solomatina, and
E. P. Tiurina, Eur. Polym. J., 7, 1721 (1971).

{2) 1. P. Solomatina, A. D. Aliev, and B. A. Krentsel, Vysokomol. Soedin.,
Ser. A, 11, 871 (1969).
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The PS desulfurization experiments were carried out in a spe-
cial reaction system connected with a calibrated pressure gauge
for determination of the conversion rate of PS into propylene. For
the study of the optical properties of PS, the unreacted monomer
was condensed out of the reaction ampoule into a vessel contain-
ing calcium hydride to remove the menthol. This operation was
repeated many times until menthol was removed completely.

The polymers for the decomposition experiments were obtained
by polymerization of PS with different anionic catalysts in sealed
ampoules previously heated and degassed to 10-% Torr. After the
polymerization the reaction mixture was treated with dilute HCl
and after three or four reprecipitations from benzene solution by
methanol the polymer was dried under reduced pressure to con-
stant weight.

The decomposition of the polymers was carried out in sealed
ampoules. The solvent (benzene) was added by vacuum transfer
into vessels containing the necessary amounts of catalyst and
polymer. Then catalyst solution was poured into the ampoule
with the polymer solution. After decomposition the residual poly-
mer was separated and purified as before.

All solvents used were purified according to procedures.!»2

The optical rotatory dispersions of the samples of monomers
and polymers were measured with a Jasco ORD/UV-5 polarimet-
er, using 1.0-, 3.9-, and 10-cm cells.

Results and Discussion

Asymmetric Desulfurization of (RS)-PS. It is known
that the formation of optically active polymers by the
asymmetric selective polymerization of (RS)-PS with cat-
alysts prepared from diethylzinc and asymmetric alco-
hols3-4 occurs by the asymmetric selection of a preferred
monomer antipode. However, in our case! the relatively
high stereoselectivity of the process may be achieved in the
stage of formation of the active centers for PS desulfuriza-
tion, i.e., in the stage preceding the process of polymeriza-
tion.

CH,CH—CH,
\S/

(3) N. Spassky and P. Sigwalt, C. R. Acad. Sci., Ser. C, 265, 624 (1967);
Eur. Polym. J., 7,7 (1971).

(4) J. Furukawa, N. Kawabata, and A. Kato, J. Polym. Sci., Part B, 5,
1073 (1967).

+ n-Buli — n-BuSLi + CH;CH=CH, (1)



798 Alievet al.

Scheme I

a. n-BuSLi-LiOR*

n-BuLi-LiOR*
(RS)-PS
propylene of PS
desulfurization

b. n-BuSLi-LiOR*

Two possibilities of desulfurization are conceivable: (a)
the preferred (+)(R)-PS desulfurization and the usual
nonasymmetric polymerization® of (—)(S)-enriched PS,
since polymers with negative rotation are produced; and
(b) the nonselective desulfurization of PS and the pre-
ferred polymerization of one of its antipodes, as usually
observed in asymmetric stereoselective polymerization of
racemic monomers (see Scheme I).

From this it is seen that from data on the optical rota-
tion of the residual monomer at different degrees of con-
version one can ascertain the true mechanism of asym-
metric stereoselective PS polymerization.

The study of the kinetics of propylene evolution (Figure
1) in PS polymerization with this catalytic system shows
that during the initial period (5 min) of the reaction there
is intense evolution of propylene, the amount of which is
approximately twice (1.73 times) that which should be
formed® by reaction 1. After this point the rate of propyl-
ene evolution decreases but its evolution is not complete.
The small conversion of PS into polymer even during a
10-15-min period (less than 15-25%) suggests (1) that the
rate of PS desulfurization exceeds that of its polymeriza-
tion and (2) that in addition to n-BuSLi, higher reactive
lithium alkylpolythiolates n-BuS,Li, which may also be
active centers of PS polymerization, are also formed. The
formation of n-BuS,Li is also confirmed by the rapid ap-
pearance of the cherry-red color which is characteristic of
the alkylpolythiolate anions? formed by the reaction

xCH_gCQ—/CHZ + n-Buli — n-BuS,Li + xCH,CH=CH, (2}

(It is necessary to take account of the essential role of
lithium alkoxide in all cases.) Indeed, the instantaneous
appearance of this color is observed as well in the reaction
of n-BuLi-LiOR* with elemental sulfur, during which alk-
ylpolythiolates are probably produced by the reaction”
n-Buli

+ Sy — nBuS.Li+5, (3)

It should be noted that the possibility of the reaction
occuring by scheme (2) was not investigated earlier, as ei-
ther equimolar or excess quantities of alkyl- (or aryl-)
lithium were used in previous works to prevent the possi-
ble polymerization of episulfide compounds in the desul-
furization reaction of episulfides.?-®

Studies of the optical rotatory dispersion (ORD) of the
monomer 2.5 and 25 hr after the beginning of the reaction
show (Figure 2) that it possesses appreciable optical ac-
tivity with a negative sign in the visible region of the
spectrum. The ORD curves are similar to those character-
istic of (—)(S)-PS.1° The sign of the rotations are [¢]?*°D
~1.04 and —0.117° (neat) for the 2.5- and 25-hr samples.

(5) N. Spassky and P. Sigwalt, Tetrahedron Lett., 32, 3541 (1968).
(8) B. M. Trost and S. Ziman, Chem. Commun., 5, 181 (1969).
(7) B.D. Vineyard, J. Org. Chem., 32, 3833 (1967).
(8) R. Cammereck, C. J. Fettes, and M. Morton, Polym. Prepr., Amer.
Chem. Soc., Div. Polym. Chem., 11, 72 (1970).
(9) N.P. Neureiter and F. G. Bordwell, J. Org. Chem., 24, 578 (1959).
(10) 1. P. Solomatina, Thesis, Moscow, 1971.
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should have a negative
rotation sign)
(RS)-PS

(—)poly(PS) (residual PS
should have a positive
rotation sign)

In the latter case, the polymer has a rotation of [«]?°D
—27.6° in benzene.

Thus these data show that PS polymerization proceeds
with selective desulfurization of (+)(R)-PS as well as the
selective polymerization of (S)-PS. This may be due to
the presence of centers of the type ~~S-Li*-LiOR*, which
are less reactive than ~~S,~Li+-LiOR*, there being a de-
crease of the rotation value of the monomer evolved in the
course of polymerization.

Indeed, in a control PS polymerization with n-
CeH13SLi-LiOR* polymer with a negative rotation ([«]*%p
—31.2°, in benzene) and residual monomer with a positive
rotation ([«]?°p +0.42°, neat) are produced; this is charac-
teristic of the ordinary asymmetric selection polymeriza-
tion of racemic monomers, in spite of a negligible PS
desulfurization.

Thus, the course of this process with n-BuLi-LiOR* dif-
fers from those previously studied, where the configuration
of the residual monomer was always opposite to that of
monomer units in the polymer chain. This is due to the
process of selective PS desulfurization. We believe that this
is the first time that this has been demonstrated for epi-
sulfides.

Asymmetric Destruction of Poly(PS). It has been
shown previously® that propylene evolution does not stop
even after complete monomer conversion, but that the
yield and the intrinsic viscosity of the polymer decrease as
the polymerization time increases. This is probably asso-
ciated with the cleavage of the polymer chains produced.
Of particular interest is the problem of how the course of
this reaction may affect the values of the optical rotation
of the polymers produced. We have therefore studied the
degradation of PS polymers produced by polymerization
with symmetric catalysts.

It should be noted that Pino,1! Tsuruta et al,'? and
Furukawa et al.l3 have earlier shown that stereoregular
polymers from racemic «-olefins and propylene oxide ob-
tained by symmetric stereospecific catalysts can be sepa-
rated into fractions with opposite signs of rotation by
means of chromatography using optically active adsor-
bents. This is one of the methods of obtaining optically
active polymers, while the separation itself convincingly
shows that initial polymers are a racemic mixture of (R)-
and (S)-enriched polymers.

Therefore, one could expect that in the decomposition
of racemic poly((RS)-propylene sulfide) by the optically
active reagent n-BuLi-LiOR*, there will be selective de-
composition of (R) or (S) units. These reactions usually
proceed at different rates because of the differences in ac-
tivation energies of diasterecisomeric transition states. In
fermentation reactions with racemic substrates these dif-
ferences are known to be considerable and because of this
reactions often proceed with complete stereospecificity.

(11) P.Pino, Chim. Technol. Polym., 12, 54 (1967).

(12) T. Tsuruta, S. Inoue, and 1. Tsukuma, Makromol. Chem., 84, 298
(1965).

(13) J. Furukawa, S. Akutsu, and T. Saegusa, Makromol. Chem.. 94, 68
(1966).
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TableI
Decomposition of Poly((RS)-propylene sulfide) by n-BuLi~-LiOR* ¢

Initial Poly(propylene sulfide)

]25

Obtained Poly(propylene sulfide)

[«]?%Dc CeHg Time of Dec (]?°CeHe M X [«]20D¢ []%0400¢
No. Obtained by (deg) (dl/g M.10-4¢ (Days) % Yield (dl/g) 10-44 (deg) (deg)
1 CdCOj3in H.O 0 1.26 21.2 30 30.6 0.045 0.44 0.70 1.74
2 n-BuLi 0 0.44 6.2 20 37.1 0.073 0.77 1.01 2.50
3 ZnCsHs(OCH3) 0 0.74 111 16 64.3 0.095 1.05 0.36 0.93
40 CA(SCH,CH=CHoy)2 0 0.36 49 0.75 59.6 0.098 1.07 0.17 0.43
50 Cd(SCH2CH=CH3)2 0 0.36 4.9 4 35.0 0.063 0.65 2.84 15.70
6 Zn(C2H;5)2-2R*0H 18.6 0.95 12.8 27 86.6 0.60 5.89 14.6 44,10
7 Zn(C2Hs)2-2R*OH 29.4 0.98 13.4 60 64.0 0.405 4.02 12.1 37.70
a Temperature 25°; molar ratio (calculating per one monomer unit) of poly(PS)-n-BuLi = 20; benzene, 15 ml; poly(PS) 0.6-1.0 g. ® Poly-
(PS)-n-BuLi = 5. ¢ Measured at { = 0.39 dm, ¢ = 3 g/100 ml, benzene. ¢ Molecular weight was estimated from the relation (V. E. Eskin and

A. E. Nesterov, Vysokomol. Soedin., Ser. A, 8, 141 (1966)): [n]2% = 0.33 X 10—* M?.86,
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Figure 1. The conversion of PS to proplylene during the PS bulk
polymerization initiated by n-BuLi-LiOR* (molar ratio PS-BuLi
= 10, temperature 25°).

Table I shows that, independent of the conditions of
producing the initial poly(PS) samples, during their
asymmetric destruction relatively low molecular weight
optically active polymers are formed, the rotation sign of
which is opposite to that of the catalyst. This shows that
(1) the optical activity obtained cannot be attributed to
(=)-menthoxy groups since similar compounds of (—)-
menthol have a negative rotation sign, and that (2) poly-
mer chains or sequences of monomer units having the (S)
configuration of asymmetric carbon atoms are subjected
to selective decomposition.

It should be noted that the data obtained do not permit
conclusions about the peculiarity of the asymmetric cleav-
age mechanism of racemic poly(PS), since the initial sam-
ples differed both in stereoregularity and, because of the
difference of their molecular weights, in the contents of
-SH end groups reacting with n-BuLi. However, these data
suggest that, unlike the method of chromatographic separa-
tion, kinetic methods of destruction do not require the use
of stereoregular crystalline macromolecules to obtain op-
tically active polymers. Thus, the data obtained show that
in asymmetric PS polymerization by n-BuLi-LiOR* the
selective desulfurization of (+)(R)-PS, and the preferred
polymerization of (—)(S)-PS (reactions increasing optical
vields of polymers) occur at active centers of the type
~S -Lit-LiOR* with the formation of (=)poly(PS). How-
ever, the decomposition rate of the latter is higher than
that of (+)poly(PS), which results in a decrease of the op-
tical yield of polymers (Table I).

Table 1 shows that the reaction of (+)poly(PS) decom-
position by the same catalyst proceeds at a lower rate.
However, the observed decrease in optical activity of the
polymers evolved was surprising. This was not because of
selective decomposition of monomer units with (R) config-

2 T T
20

300 50

Wavelength (am)

300 : %00

Figure 2. ORD curves of unreacted PS (the experimental condi-
tions for the polymerizations are the same as Figure 1): dashed
line, after 25 hr; solid line, after 2.5 hr; dotted line, (—)PS
evolved during PS polymerization by the system ZnEty-(+)-3-
phenylalanine (poly(PS) having a positive rotation sign).

uration of asymmetric carbon atoms but was apparently
due to the following causes. (1) The occurrence of an equi-
librium of the type

_ ——
~—SCH,L SCH,—~ = ~—SCH,C==SCH,~—~

CH, CH,

a b

poly(PS) _ R0 (s~
’ i

~—S"

+ CH,=CSCH,—

CH,
c

which results in racemization. Unlike ethers the decompo-
sition rate of which is higher despite their lower CH acidi-
ty in comparison with respective thioethers!¢ the 3d-orbit-
al effect of type b decreases the probability of decomposi-
tion of polymers at stage a. Even if the decomposition
proceeds via « or 3 elimination of a proton, the high reac-
tivity of vinylthioethers with mercaptans (especially mer-
captans with a sulfur atom in § position with respect to
SH groups?®) in the presence of basic compounds, also
contributes to equilibrium of the type (poly(PS) <> a < b
< ¢) and hence to racemization.

(2) The formation of end groups of two types having a

(14) 8. Qae, W. Tagaki, and A. Ohno, Tetrahedron, 20, 417, 427 (1964).
(15) E. E. Reid, “Organic Chemistry of Bivalent Sulphur,” Vol. 2, Chemi-
cal Publishing Co., Inc., New York, N. Y., 1960.
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different contribution to the optical rotation

~—C*HSH ~—C*HCH,SH
CH3 CHS
d e

Since during the decomposition of the polymer the quan-
tity of SH groups increases and more low molecular poly-
mers are produced, one should take into account the dif-
ferences of contributions to the rotation of these groups d
and e. If they are compared with the corresponding model
compounds,® then for the type d, (+)(S)-2-butanethiol
and (+)(S)-1-methylpropylethylthioether have [«]2°p 34.4
and 31.6°, respectively, while for the type e, (+)(S)-2-
methylbutanethiol and (+)(S)-2-methylbutylethylthioeth-
er have [«]?°p 3.57 and 20.67°, respectively, i.e., one can
see a great difference in the values of rotation between
mercaptan and thioether in structures of type e.

Unfortunately, preliminary experiments on carrying out
the reaction of SH groups with CHgsl, the result of which
might be some increase of rotation, have been unsuccess-
ful because of the formation of by-products, particularly
polysulfonium compounds.

On the basis of the results obtained one may propose
that during decomposition of the polymer chains by n-
BuLi-LiOR* reaction occurs by the following scheme.

(1) Decomposition by n-BuLi by the mechanism of 3
elimination via the following transition states (type A)17

6:H  HBE,
R—S—CH—C—S—R —

CH; 8,
+
Buli CH,
S—CC CH=C—S--R
/7 N\
He L8
D/ C R-+ S—CH=CH—CH,
Bu-Li (I: )
\S/ CH,=~CH-CH,—S-+*R
N\
A

However, by this scheme for the decomposition of one
C-S-C bond an equimolar quantity of n-BuLi is neces-
sary, which does not explain the further decomposition.
Indeed, during PS polymerization n-BuLi is almost quan-
titatively used up in the initial period by PS desulfuriza-
tion and since the decomposition takes place even after
desulfurization, this shows that the fragments of RSLi-
LiOR* are still reactive.

(2) For intramolecular (or intermolecular) decomposi-
tion, see Scheme II.

In both types of decomposition by B-elimination allyl
sulfides are formed which are readily isomerized to vinyl
sulfides. In the second case, the 8 elimination occurs by
thiolate anions, which is quite probable, especially for 81
and B3 elimination, since hydrogen atoms which are adja-
cent to a sulfur atom are the most “acidic”’ and the stabili-
zation of the carbanion formed by the vacant 3d orbital of
the sulfur atom is feasible.® In addition, the role of alkox-

(16) P. Salvadori, L. Lardicci, and M. Stagi, Gazz. Chim. Ital., 98, 1400
(1968).

(17) E. J. Vandenberg,. Intern. Symp. Macromol. Chem., Tokyo-Kyoto,
1966, Prepr. 5.5.02.

(18) W. Tagaki, T. Tada, R. Nomura, and S. Qae, Bull. Chem. Soc. Jap.,
41, 1696 (1968).
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Scheme I1
3; (and G,) elimination
H,C H,C
\CH—CHZ NcH—CH,
_/ AN / AN
S S — HS S —
/ _ /
CH,—CH CH—CH
/ /
~—8 CH; ~—8 CH,
CH,
HS—CH—CHS"
+

~—S8—CH==CH—CH,

(3, elimination

7\
~—8—CH,—CH CH, —
CHS— /CH-—CHa
S

S

/7 N\

~—8—CH,—CH (sz —
CH,™ /CH——CHS

HS

~—S—CH2—CI‘H + _S—CHZ—(']H—SH

CH, CH,

I
~—S—CH=CH—CH,

ide anion in increasing the total basicity and nucleophilicity
of a medium is well known.'? It should be noted that in
polymer separation (after decomposition reactions) in a
slightly acidified medium the cleavage of S-C=C bonds
occurs with the formation of SH end groups.

The occurrence of both of these decomposition reactions
does not, however, explain the formation of propylene.

(3) Decomposition by the depolymerization mechanism

CH,
CH__ CHy
~—CH, s/ CH—CH, —
L Li-S
o
Lo
~— CH,—CH—8—Li /Li CH,
CH, T e

R*

CH;==CH—CH; + 8

This type of decomposition of polythioether is similar to
that of polyethers, the destruction of which (polyal-
dehydes, etc.) is accompanied by the evolution of a mono-
mer.2? In addition, poly(PS) having SH end groups is
known to be highly unstable and during storing decom-
poses considerably.

(19) J.F. Bennett and E. Bacciochi, J. Org. Chem., 32, 11 (1967).
(20) V.V.Korshak and S. V. Vinogradova, Usp. Khim., 37, 2066 (1968).
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Elementary sulfur, evolved during the decomposition of
polymer chains by the depolymerization mechanism, con-
tributes to the rapid formation of alkylpolythiolate anions
which are reactive during the decomposition reaction and
may take part in the formation of disulfide bonds in poly-
mers. Experimentally a negligible increase of elemental
sulfur was observed in decomposed polymer samples.

It should be noted here that in the asymmetric de-
composition of other polymers, in particular that of poly-
(propylene oxide), optically active products are also
formed.10

Taking into consideration the relative facility of the
cleavage of polyether in comparison with polythioethers
and the fact that, using the catalytic system ZnKEty-
2R*OH, asymmetric cleavage of the polymer chains ob-
tained also takes place but to a lesser extent,'® one can
suppose that upon separation of racemic poly(propylene
oxide) by the optical active absorbents ZnEts—(—)R*OH
or (+)-borneol, asymmetric destruction of polymer oc-
curred. Because of the absence of data on the molecular

Reactivity in Cationic Polymerization of 2-Alkoxybutadienes 801

weights of initial and fractionated polymers,?? a supposi-
tion can be made that these absorbents react more rapidly
with the [- (or d-) polymer chains, decomposing them to
polymers with R*0-Zn-0--- end groups, which, unlike
the free d- (or [-) polymer chains, are not eluated by n-
heptane. In our case, when the optically inactive poly(PS)
([7)?® 1.1 dl/g) was kept for 145 hr in the presence of
ZnEt,-2R*OH, an optically active polymer with [«]2°D
8.75° and [#}?° 0.9 d1/g was obtained.

Thus the asymmetric destruction of racemic macromol-
ecules provides new possibilities for the synthesis of opti-
cally active polymers and, in addition, it affords low mo-
lecular compounds with known optical activity, which is
very important for the determination of the efficiency of
asymmetric cleavage and the stereospecificity of optically
active reagents.

These two processes, selective desulfurization and selec-
tive decomposition, are useful additions to the classical
methods of separation of racemic compounds used in de-
veloping asymmetric syntheses.
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ABSTRACT: The structure and reactivity in cationic polymerization of 2-alkoxybutadienes were studied. The
butadienes used are methoxy-, ethoxy-, isopropoxy-, tert-butoxy-, and 2-chloroethoxybutadienes (MOBD, EOBD,
IPOBD, tBOBD, and CEOBD, respectively). The four butadienes, except for tBOBD, had a coplanar structure as
to diene and O-alkyl bond, and the charge on carbon 1 was large. EOBD polymerized fairly rapidly at 0° with
several cationic catalysts. The principal products were methanol-soluble oligomer and methanol-insoluble poly-
mer, both of which had 1,4 structure. The relative reactivities of these butadienes were determined from the co-
polymerizations with ethyl vinyl ether as follows: IPOBD > EOBD > CEOBD > MOBD (>tBOBD).

There have been many investigations on the structure-
reactivity relationship in cationic polymerization of alkyl
vinyl ethers.! One of the characteristics of alkyl vinyl
ethers is particularly large reactivity in cationic polymer-
ization owing to the presence of an oxygen adjacent to the
vinyl group. On the other hand, many cationic polymer-
izations of linear conjugated dienes also have been investi-
gated—the cationic polymerizations of butadiene,® 2,4-
hexadienes,® 1- and 2-phenylbutadienes,* 1-ethoxybuta-
diene, and so on. The polymers obtained from these
dienes, however, often possess small molecular weights
and complex structures.

2-Alkoxybutadiene is regarded as an alkyl vinyl ether as
well as a butadiene derivative. For the former case, the
a-vinyl group is a substituent; for the latter case, the 2-
alkoxy group is a substituent. The importance of each
substituent is dependent on the nature of a reaction.
Studies on the effect of substituent in such a compound

(1) See, for example, (a) T. Higashimura, J. Masamoto, and S. Okamura,
Kobunshi Kagaku, 26, 702 (1968); (b) H. Yuki, K. Hatada, and M.
Takeshita, J. Polym. Sci., Part A-1, 7, 667 (1969); (c) T. Higashimura,
T. Masuda, S. Okamura, and T. Yonezawa, J. Polym. Sci., Part A-1,
7, 3129 (1969).

(2) N. G. Gaylord [Pure Appl. Chem., 23, 305 (1970)] and references
therein.

(3) M. Kamachi, K. Matsumura, and S. Murahashi, Polym. J., 1, 499
(1970).

(4) R. Asami, T. Onoe, and K. Hasegawa, Abstracts, 19th Symposium on
Macromolecules, Kyoto, Oct 1970, p 75.

(5) T. Fueno, T. Tsunetsugu, K. Arimoto, and J. Furukawa, JJ. Polym.
Sci., Part A-1, 9, 163 (1971).

may, therefore, shed light on the nature of a reaction. For
instance, Fedor et al. have investigated whether 4-me-
thoxy-3-buten-2-one and several 3-alkoxycrotonates are
hydrolyzed as a vinyl ether or as a vinyl ketone.$

The lone-pair electrons of oxygen in a vinyl ether mi-
grate to the double bond, which makes a vinyl ether basic
and reactive in electrophilic reactions. It is interesting to
know how this effect is manifested in the molecular prop-
erties and cationic polymerizability of 2-alkoxybutadienes.
Probably, the coplanarity between diene and an alkoxyl
group is affected by increasing the bulkiness of the alkyl
group. It is not known how reactive a 2-alkoxybutadiene is
in cationic polymerization or whether it produces a high
polymer.

In this paper, the molecular structure, properties, cat-
ionic polymerizability, and polymer microstructure of sev-
eral 2-alkoxybutadienes are studied. The results are dis-
cussed in comparison with those of alkyl vinyl ethers.

Experimental Section

Materials. Five 2-alkoxybutadienes, that is, 2-methoxybuta-
diene (MOBD), 2-ethoxybutadiene (EOBD), 2-isopropoxybuta-
diene (IPOBD), 2-tert-butoxybutadiene (tBOBD), and 2-(2-chloro-
ethoxy)butadiene (CEOBD), were prepared by Petrow’s method?

(6) (a) L. R. Fedor and J. McLaughlin, J. Amer. Chem. Soc., 91, 3594
(1969); (b) S. D. Brynes and L. R. Fedor, J. Amer. Chem. Soc., 94,
7016 (1972).

(7) A. A. Petrow, Tr. Voronezh. Gos. Univ., 8, 68 (1935); Chem. Zen-
traldbl., 1920 (1937).



