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ABSTRACT: The reactivity of model anions of active species in the anionic polymerization of 
phenylbutadienes was investigated by reactions with several electrophiles. The anions employed are 
generated by one-to-one addition of 1-phenyl-1,3-butadiene with t-BuLi, lithiation of 1-phenyl-2-
butene, one-to-one addition of 2-phenyl-1,3-butadiene with t-BuLi, and lithiation of 3-phenyl-1-
butene. The former two- anions are classified as n-benzyl type anions and the latter two as n
allylphenyl type anions according to negative charge distributions. In the reactions of these anions 
with methanol (protonation), difference in negative charge distribution does not affect the product 
distribution, and the reactivity of the IX-position (terminal of the anion) is high. When methyl iodide 
is reacted, IX-products (products reacted at the IX-position) are selectively obtained (96-98 :J;,) in the 
case of n-benzyl type anions. On the other hand, the amount of IX-products decreased (45-85:J;,) in 
the case of n-allylphenyl type anions. These findings can be attributed to the differences in negative 
charge distribution. However, in reactions with trimethylchlorosilane or trimethylchlorotin, steric 
effect at the IX- or y-carbon controls the regioselectivity of the products. In reactions with acetone or 
ethylene oxide, IX-products are obtained predominantly in the case of n-benzyl type anions, while y
products are obtained mainly in the case of n-allylphenyl type anions. 

KEY WORDS I 2-Phenyl-1,3-butadiene I t-BuLi I 
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Distribution I 

Living anion chain end structures in the polym
erizations of conjugated dienes have been extensive
ly studied to elucidate the polymerization mech
anism.1-14 A number of discussions on the n-elec
tron distribution on living oligomer chain ends and 
model anions has been made. However little atten
tion has been directed to regioselectivity in the re
actions of these model anions with electrophiles. 
Miginiac studied the reaction of 2-pentenyl
lithium with alkylketoneY Glaze et al. reported 
the reactions of neopentylallyllithium (one-to-one 
adduct of butadiene with t-BuLi) with several 
electrophiles.2 .4 However, in some cases, the 
regioselectivity in the reactions cannot be inter
preted simply on the basis of the negative charge 
distributions of these anions. 

pared by anionic polymerization, and elucidated the 
n-electron distributions of the living oligomer chain 
ends of the model anions. 18·19 

In previous papers, we studied the microstruc
tures of poly(l-phenyl-1,3-butadiene) [poly(IPB)] 
and poly(2-phenyl-l ,3-butadiene) [poly(2PB)] pre-

In this paper, we discuss the reactivity of the 
model anions of active species in the anionic po
lymerization of lPB and 2PB by means of reac
tions with several electrophiles. 

EXPERIMENTAL 

Materials 
trans-1-Phenyl-1,3-butadiene ( JPB), 16 2-phenyl-

1 ,3-butadiene (2PB)/ 7 3-phenyl-1-butene (3P I B)/9 

and t-BuLi16 were synthesized as described in pre
vious papers. Commercially available 1-phenyl-2-
butene (1P2B), acetone, methyl iodide (Mel), tri
methylchlorosilane (TMS-Cl), and trimethylchlo
rotin (TMT-Cl) were purified by distillations. 
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Lithiation of 1 P2B and 3P 1 B 
IP2B or 3PIB (1.0 mmol) was lithiated with t

BuLi ( 1.2 mmol) in dry THF (2.0 ml) at soc in an 
argon atmosphere. The reaction was completed 
after 1.5 h. 

Preparation of One-to-One Adduct of 1 P B or 2P B 
with t-BuLi 
IPB (l.Ommol) was added to t-BuLi (1.5 mmol) 

in THF (2.0 ml) or toluene (2.0 ml) at - 78°C (in 
THF) or ooc (in toluene) in an argon atmosphere. 
The reaction mixture was stirred for 3.0 h. The 
addition of2PB (1.0 mmol) to t-BuLi (1.5 mmol) was 
carried out in THF (2.0 ml) at - 78°C, and after 
3.0 h the reaction was completed. 

Reaction with Several Electrophiles 
Into the anion solution thus obtained, elec

trophile was added under various conditions. 
Ethylene oxide (EO) was distilled into the anion 
solution directly under high vacuum. The reactions 
were completed within a few minutes after the 
addition of electrophiles, as indicated by the disap
pearance of red color of the anion. 

Identification of the Products 
The protonated products were identified in pre

vious paper. 18•19 The other products were analyzed 
and fractionally isolated by a GLC (DEGA 3 
mm¢ x 2.25 m or SE-30 3 mm¢ x 1.5 m). The 
isolated fractions were identified by FT 1 H NMR 
and mass spectroscopies. The 1 H NMR spectral 
data are shown in Table II. In all mass spectra, 
molecular ion peaks and characteristic fragment ion 

peaks could be observed. 

Q 
CHz 

.--CH=CH"" 
CH3 

1P2B 

Q 
,.....CH=CH 

CHz=CH 
lPB 

t-Buli 
in THF 

t-BuLi 

1 H NMR and Mass Spectra 
1H NMR spectra were recorded with a JEOL 

JNM FX 100 Fourier Transform NMR spectrom
eter (100 MHz). The measurements were carried 
out on a carbon tetrachloride solution containing a 
small amount of benzene-d6 for internal lock. 
Typical conditions for 1 H FT measurements: spec
tral width, I 000 Hz; acquisition time, 4.10 s; data 
point, 16 K; pulse width 7 ,us( 42°); pulse repetition, 
20 s; number of transients, 4--128. 

Mass spectra were taken on a Hitachi RMS-4 
mass spectrometer. 

RESULTS AND DISCUSSION 

Negative Charge Distribution of the Model Anions 
The anions employed in this study are classified 

into two different types on the basis of the 13C and 
1 H NMR studies presented in previous papers. 18 ·19 

One type is n-benzyl and the other is the n-allyl
phenyl type. Scheme I shows the formation of n

benzyl type anions which are the model anions for 
the propagating chain end of IPB in the polymeri
zation. In the reaction of IP2B with t-BuLi, li
thiation occurs selectively at the <X-position, and the 
anion thus generated is designated as IP2B-Li. A 
one-to-one addition of t-BuLi to IPB was carried 
out as shown in Scheme I in THF and toluene. In 
these reactions, the t-butyl anions attack <5-carbons 
selectively. The one-to-one adduct was obtained 
selectively (more than 98%) in THF, whereas higher 
oligomers were also obtained in toluene; the yield of 
the one-to-one adduct was 65%. The one-to-one 
adduct thus obtained is designated as IPB-Li. These 
IP2B-Li and IPB-Li are regarded as 3-alkyl
substituted phenylallyllithiums. As was shown in a 
previous paper/ 8 in both IP2B-Li and IPB-Li, the 

Q 
CH3-CH=CH-CH L( 

r " 
1P2B- Li 

1•3 

8 r Q 
t-Bu-CHz-CH=CH-CH u· 

lPB-Li oi. 

only(E) (in THF) 

(E)' (Z) = 3 • 2 On Toluene} 

Scheme I. 
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Reactivity of Phenylbutadienyllithium 

t·Buli 
in THF 

3P1B 

1-Buli 
in THF 

2PB (E)-2PB-Li 

Scheme II. 

Li 
E 5 r 9 , 

- R-CHz-CH=CH-CH-E 

0 ( 
R-CHz-CH-E' 

I 

P CH 
"IT\. 

"'HC\..1 R=H 1P28-Li 
R= t·Bu I PB-Li 

R=H 3P18-Li 
R=t-Bu 2PB-Li 

(E)- cJ. 
(Z)- o< 

(E)- o( 

(Z)- o( 

r 

0 9' R-CHz-C-E 

P 

"CHz 

r 

Scheme III. 

negative charge is located at the (.(-carbon and the 
phenyl ring, and delocalization to the y-carbon is 
small. These are thus classified as n-benzyl type 
anions. Scheme II shows the formation of n-allyl
phenyl type anions. In the lithiation of 3Pl B with t
BuLi, lithiation occurs regioselectively at the y
position. The anion thus obtained is called 3Pl B-Li. 
A one-to-one addition of t-BuLi to 2PB was carried 
out in THF, where the one-to-one adduct was 
obtained selectively (more than 98%). However, in 
this case regioselectivity of the addition is not good, 
and 1,4-anions (t-Bu anion attacks the b-carbon of 
2PB) and 4,1-anions (t-Bu anion attacks the (.(
carbon) were generated in 92 and 8% yields, re
spectively. The 1,4-anion, which is the propagating 
species in the polymerization of 2PB, is designated 
as 2PB-Li, as shown in Scheme II. When the 
reaction was carried out in toluene, a considerable 
amount of the 4,1-anion (35%) was formed. These 
3PlB-Li and 2PB-Li are regarded as 1-alkylsubsti
tuted phenylallyllithiums. As found in previous 
study/9 in both 3PlB-Li and 2PB-Li, negative 
charges delocalize over a n-allyl system and the 
phenyl ring. 

Polymer J., Vol. 13, No. 12, 1981 

In the anionic polymerizations of IPB and 2PB, 
I ,4-structures are predominant regardless of the 
polymerization conditions. 16 •17 Thus, under the po
lymerization conditions, the reactivities of the (.(-po
sitions seem to be the highest in both the n-benzyl 
and n-allylphenyl type anions. 

Product Distribution in Reactions with Several 
Electrophiles 
Scheme III shows products expected from the 

reactions of substituted phenylallyllithiums with the 
electrophile, E. For these anions, the notations of C(
' {3-, y-, and b-position are given respectively from 
the anion end, as shown in the Scheme. The reaction 
with the electrophile, E, can occur either at the C(- or 
y-position. The reaction products are designated as 
(E)-C.(, (Z)-C(, and y, depending on the reaction 
center. 

The 1 H NMR spectra of the products showed 
well-defined patterns and assignments could be 
made partly on the basis of a comparison with the 
spectra of the corresponding polymers. 16•17 

We examined the C(- toy-product ratio and made 
a comparison of the results with the regioselectivity 
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expected from the negative charge distribution. 
Runs I to 9 in Table I show product distributions 

in protonation reactions with methanol. The ratios 
of the ()(-products, combined yield of(£)-()( and (Z)-
1)(, to they-products are nearly the same as those for 
the products from IP2B-Li and those from 3PIB-Li 
(in both R = H as shown in Scheme III) where the 
negative charge distributions of the respective 
anions are quite different from each other as men
tioned above. The ratios of the ()(-products to y
products are also comparable to those of the prod
ucts from IPB-Li and those from 2PB-Li (in both 
R = t-Bu) whose negative charge distributions are 
also quite different. Thus, it may safely be said that 
product distributions with protonation are not af
fected by the negative charge anion distributions, 
but slightly affected by the steric effect of the R 
groups of these anions. 

Runs 10 to 36 in Table I show product distri
butions in substitution reactions with Mel, TMS
Cl, and TMT -Cl. In the reactions of the n-benzyl 
type anions with Mel (runs 10 to 14), the amount of 
()(-product was more than 96%. This means that the 
reactions occurred at the more sterically hindered ()(
position with high regioselectivity. As the electron 
rich ()(-position was attacked, the negative charge 
distribution rather than the steric effect is con
sidered to determine the reaction center in these 
cases. However, when more bulky substrates (TMS
Cl and TMT-Cl) are used, the amount of y-product 
increase as compared with the corresponding prod
ucts formed by the reaction with Mel because of 
the steric hindrance between the phenyl substituent 
at the ()(-position and the reactants (runs 19 to 23 
and runs 28 to 32). In the reactions of IPB-Li with 
TMS-Cl and TMT -Cl, the amount of y-product did 
not exceed 20% (runs 21 to 23 and runs 30 to 32). 
The bulkiness of the R (t-Butyl) group also parti
cipates in these reactions. On the other hand, when 
the n-allylphenyl type anions react with Mel (runs 
15 to 18), the y-product increases, compared with 
they-product from then-benzyl type anions. They
positions of the n-allylphenyl type anions are more 
sterically hindered than those of the n-benzyl type 
anions. In the n-allylphenyltype anions, however, 
the negative charge delocalizes throughout the n

allyl system and this may increase the reactivity of 
they-position. The steric effect of the R group could 
be observed in the reactions of 2PB-Li with Mel 
(runs 17 and 18) where the amount of the y-product 
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decreased compared with 3PIB-Li (runs 15 and 16). 
When more bulky substrates, TMS-Cl and TMT
Cl, are reacted, no y-product could be obtained 
because of the steric hindrance between the phenyl 
substituent and the substrates (runs 24 to 27, 33 and 
34). Exceptional results were obtained in the re
actions of 2PB-Li with TMT-Cl (runs 35 and 36) 
where considerable amounts of the y-product were 
formed. The reason for this behavior is not under
stood. In this manner, the product distribution is 
controlled by the negative charge distribution when 
the effective bulkiness of the reactant is small. On 
the other hand, the steric effect may· be opperative 
on product distributions when bulky substrates are 
reacted. Runs 37 to 51 in Table I show the results of 
reactions with acetone or EO. In general, allylic 
organometallic compounds react with these oxygen
containing substrates predominantly to give the y
product.20 For these reactions six-center cyclic 
(SEi') or non-cyclic (SE2') mechanisms have been 
proposed.21 In the present study, n-benzyl type 
anions were reacted with acetone (runs 37 to 41) to 
give 55-86% ()(-products in spite of the phenyl 
substituent at the ()(-position. These results contrast 
with the fact that neopentylallyllithium gives 22-
45% ()(-products in reactions with ketones which 
encounter less steric hindrance.2·4 In the reactions of 
the n-benzyl type anions with EO only ()(-products 
are formed (runs 47 to 49). Consequently n-benzyl 
type anions are liable to form ()(-products in re
actions with acetone or EO. On the other hand, 
except for the reactions of 2PB-Li with acetone 
(runs 44 and 46), n-allylphenyl anions react with 
either acetone (runs 42 and 43) or EO (runs 50 and 
51) to give predominantly y-products. In the re
actions of 3PIB-Li with acet<;me or EO, y-products 
are formed exclusively (runs 42, 43, and 50). In the 
reactions of 2PB-Li with acetone (runs 44 and 46) 
the y-product, which is the main product in the 
former cases, could not be obtained due to the steric 
hindrance of the R (t-Bu) group. When the n-Bu 
group is used instead of t-Bu as R, that is, as a one
to-one adduct of n-BuLi and 2PB, the steric hin
drance of the R group toward acetone is reduced 
and the y-product is obtained in a 47% yield (run 
45). In this manner, the n-allylphenyl type anions 

are liable to give y-products in the reaction with 
acetone or EO. These differences in the behavior of 
n-benzyl and n-allylphenyl type anions are attrib
uted to the difference in the transition states in the 
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(II) 

(III) (IV) 

Figure I. Transition states in the reactions of substituted phenylallyllithiums with acetone or ethylene 

oxide. 

reactions. When n-benzyl type anions react with 
acetone or EO, the four center transition states as 
shown (I) and (II) in Figure I can be assumed (SEi), 
since the negative charge is located at the ex-carbon 
and phenyl ring. Therefore, the reactions take place 
at the ex-carbon to give ex-products. Since the steric 
hindrance against the phenyl ring is larger in (I) 
than in (II), the transition state of (I) gives a 
considerable amount of y-product (14-45%, runs 
37 to 41), whereas that of (II) gives the ex-product 
exclusively (runs 47 to 49). In contrast to this, in the 
reactions of n-allylphenyl type anions, the transition 
states are regarded as the six-center cyclic structures 
as shown in (III) and (IV) in Figure I, since the 
negative charge delocalizes throughout the n-allyl 
system and the phenyl ring. These transition states 
lead to y-products (SEi'). However, in the reaction 
of 2PB-Li with acetone (R = t-Bu in (III) in Figure 
1), a transition state such as (III) cannot be formed 
because of the steric repulsion of the t-Butyl group 
toward acetone. When R changes ton-Butyl, a con
siderable amount of y-product is obtained via a 
transition state such as (III) due to the reduction 
of the steric repulsion (run 45). This steric effect 
can slightly be observed in the reaction of 2PB-Li 
with EO where a 22% ex-product is obtained (run 
51). However, in the reaction of 3P1B-Li with 
EO, no ex-product is formed (run 50). In this 
manner, in reactions with acetone or EO, the 
product distribution can be explained on 
basis of the steric requirement in the transition 
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state. 
The configuration of a double bond of an ex

product cannot be explained simply. As shown in 
Scheme I, IP2B-Li has (E)- and (Z)-isomer in I to 3 
ratio. However, in general, ex-products obtained 
from IP2B-Li contain a considerable (E)
configurations. On the other hand, I PB-Li gives 
more (E)-isomer than IP2B-Li. Thus, in the ex
product obtained from IPB-Li, the (E)
configuration was generally found as the preferable 
isomer compared to the ex-product obtained from 
IP2B-Li. Furthermore, as shown in Scheme II, 
3PIB-Li and 2PB-Li contain only (E)
configurations. Therefore, ex-products obtained 
from these anions have predominantly (E)
configuration. 

Thus, the reactivities of the model anions are 
determined by various factor, such as negative 
charge distribution, steric effect, and the nature of 
the transition state according to the type of re
action. These results could not be obtained in the 
characterization of the living chain ends by means 
of the NMR spectroscopic method used in previous 
studies. 18 ·19 In the polymerization of IPB and 2PB, 
since these monomers contain no oxygen atoms 
which can interact with counter cations, the steric 
requirement in the transition state is not a key step, 
in contrast to the reaction with acetone and EO. 
Poly(IPB) prepared by the anionic polymerization 
has mainly a 1,4 structure (76-92%). 16 Therefore, 
taking the negative charge distribution into ac-
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count, the microstructures are considered to be 
determined by the negative charge distribution as in 
the case of the reaction with methanol and Mel. On 
the other hand, poly(2PB) obtained by the anionic 
polymerization also has a 1,4 structure (67-92%)17 

although the chain end is the n-allylphenyl type19 

which generally leads to an in-chain vinyl unit. The 
present study indicates that the reaction is governed 
by the steric effect when the substrates are bulky. In 
the anionic polymerization of 2PB the microstruc
ture is considered to be determined by the steric 
effect as observed in the reaction with TMS-Cl and 
TMT-Cl, since the monomer (2PB) is a rather bulky 
substrate, and the I ,4 unit predominates. 
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