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ABSTRACT
The polymerization of <*-methylacrylophenone was 

studied. The n.m.r. spectrum was inconclusive in deter
mining the polymer stereochemistry. <x-Methylacrylophenone 
was copolymerized with styrene and the reactivity ratios 
were determined. Styrene and <*-methylacrylophenone were 
copolymerized at low conversions using lithium metal and 
lithium dispersion. The percentage of a-methylacrylo- 
phenone in the copolymer was determined by quantitative 
infrared spectroscopy.

The preparation of a boron ladder polymer from a 
two step reaction reaction was attempted. Ethylene dlbu- 
tylboronate was polymerized free radically, but the hydro
lysis of the butoxy groups led to the formation of a cross- 
linked insoluble film. Another approach to the preparation 
of boron ladder polymers was attempted using vinyl dihydro- 
benzoboradlazole. This method was unsuccessful because the 
vinyl group would not polymerize. A series of ethylene 
dlbutylboronate-styrene were made. The copolymers high in 
styrene did not crosslink whereas the copolymers high in 
ethylene dibutylboronate crosslinked readily.

vill



PART I

STUDIES IN HOMO- AND COPOLYMERIZATION 
OF ot-METH YLA C RYLOPHENONE

1



INTRODUCTION

In recent years a great deal of emphasis has been 

placed on determining the stereoregularity of polymers.
This has become especially evident with the advent of 
nuclear magnetic resonance spectroscopy. Bovey and Tlers^ 
determined the chain configurations of a number of polymers 
by n.m.r. spectroscopy. Especially Important was their 
work with polymethyl methacrylate (I).

CH,
I 3

(-CH2-  c -‘)n
0=0
I
o - ch3
I

Figure 1 shows the n.m.r. spectra of polymethyl 
methacrylate prepared by free radical and anionic initi
ation respectively. The ester methyl group appears at 
6.40 T and is not affected by the chain configuration.
The ©(-methyl is, however, affected by the chain configura
tion. The relative peak heights vary greatly with the 
mode of polymer preparation. The three peaks of the 
©(-methyl protons appear at 8.78 T, 8.95 T and 9.09 T.
These peaks have been assigned to the isotactic, hetero- 
tactic and syndiotactlc configurations respectively.

2
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81V 8,78'8,35'3,09 10,0
r

Figure 1. N.m.r. spectra of methyl methacrylate 
polymers prepared with (a) benzoyl peroxide in 
toluene at 100° and (b) n-butyl lithium in 
toluene at -62°. The spectra are run on 15/6 
solutions of the polymers in chloroform with 
1% tetramethylsilane reference (r)».
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The "backboneH methylene hydrogen proton resonance 
would be expected to give a single peak In the syndlo- 
tactlc polymer since both protons are equivalent. That is, 
each proton is shielded equally by a methyl and carbonyl 
group. Figure la shows the spectrum of predominately 
syndiotactic polymethyl methacrylate (II), and as would be 
expected a single methylene peak is observed at 8.14 T.

H
I

(“'CT
I
H

OH, H 
I 5 I 
C —  0 
t I 
0=0 H
I
0-CH,

0-CH, 
I J 
0=0 H
I I 
0 —  0 
I I 
CH3 h

OH- H
0—) (-0 
I I
0=0 H ’
I
0-CH,

0-CHa| J
0-CH,| D

r10-

0=0 HI | 0=0 H1 I 0-011 I
o —  o -

1 i
- o —  o -1 11 1 CH3 h 1 I CH3 H CH3

II III

In isotactic polymethyl methacrylate (III) the 
methylene protons are not equivalent and are split into 
four peaks. This can be seen in Figure lb which shows the 
spectrum of predominately isotactic polymethyl methacry
late. Three of the four protons can readily be seen, 
while the fourth is assumed to be under the a-methyl 
resonance.

From the areas under the three a-methyl peaks, the 
relative percentages of isotactic, heterotactic and syndio
tactic polymer can be determined as well as the <r-value. 
Sigma is defined as the probability of forming isotactic
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Figure 2. The probabilities Pŝ  and Ph of 
formation of isotactic, syndiotactic and hetero- 
tactic triads, respectively, as a function of , 
the probability of Isotactic placement of monomer 
units during chain propagation. Experimental 
points at the left are for methyl methacrylate 
polymers prepared with free radical initiators; 
those at the right for polymers prepared with 
anionic initiators: (o) represents 1̂ peaks;
(cf) s peaks; and («) h peaks.



diadso In the free radical initiated polymerizations, the 
proportion of h and i triads (see figure 2) fall satis
factorily close to the calculated curve, thus the free 
radical propagation can he described by a single e-value.
In anion initiated polymerizations 9 particularly in the 
presence of completing solvents, the £ peak is comparable 
to the h peak in area (see. Figure 2), which is not in 
accord with expectations for a nsingle11 <r-value = Fox^ 
suggested that in the presence of eomplexing solvents, 
isotaetie-syndiotactie block copolymers may be formed by 
both free anionic (syndiotaetie), and ion pair propagationo 

The nom0ro spectrum of poly"d,-methylaerylophenone 
(IV/) was studied to determine whether polymer stereo
chemistry could be determined in a manner similar to that 
of polymethyl methacrylate» Since the two monomers were 
similar in structure (differing only with a phenyl group 
instead of a methoxy group), similar interpretations from 
nsm«r« spectra should be possible. If, however, the phenyl 
group of <&-methy 1 aery 1 ophenone is large enough to produce 
sterie hindrance in polymer chain formation, the spectra 
may show a large percentage of syndiotactie polymer regard
less of the mode of initiation, since this configuration 
is the least sterieally hindered,

Methyl methacrylate haa-.been copolymer!zed with a 
large number of monomers, and the reactivity ratios deter
mined^ » The reactivities of the methyl methacrylate and
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styrene system were of particular interest in correlation 
with the reactivities of a-methylacrylophenone and styrene 
in forming a copolymer (V).

CH, OH, H
i 3 i 3 i(—  ch2— o~)n ( — ch2 — c —  c h2 — o— )n
0=0 0=0 0
I I
0 0

IV/ V

Overberger and Yamamoto^ observed in the copolymer
ization of styrene and methyl methacrylate with lithium as 
initiator a higher percentage of styrene in the polymer 
than would be expected. Anionic copolymerization of 
styrene and methyl methacrylate gave copolymers consisting 
of over 90% methyl methacrylate•  ̂When the polymerization 
was stopped at low conversion (0.37%), the copolymer con
sisted of 47.3% styrene. The high styrene content at low 
conversion was also observed by Tobolsky^ for bulk copoly
merization, but he attributed this to the low ionizing 
power of the media. From n.m.r. studies? it was revealed 
that there were no random styrene-methyl methacrylate 
sequences in the copolymer. A possible explanation for 
the high styrene content was postulated by Overberger.^ 
When the initiation step of the polymerization is written
as: Li + M -- » L i * , 2 Li+IT ----> LI*’ "MM~Li+ , it might
be assumed that the lithium cation goes into solution as
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soon as an electron is transferred from the metal to the 
monomer. The lithium particle could support, to some 
extent, a positive potential without releasing lithium 
cationsp The styrene molecule is planar and has eight 
ir-electrons, which form a relatively dense electron cloudo 
Although methyl methacrylate is more polar than styrene, 
it has only four ir-electrons, thus not as dense an electron 
cloud. It is reasonable to assume that the styrene mole
cules would be more easily adsorbed on the surface of the 
metal. In the early stages of the polymerization the 
propagation would take place only on the metal surface 
where the styrene content was high, thus giving a copolymer 
high in styrene, The eopolymerizatlon of styrene and 
©V-methylacrylophenone was next studied. The ©c,-methyl- 
aerylophenone contains ten tf-electrons so like styrene it 
should form a relatively dense electron cloud. At low 
conversions the copolymer should contain a high ̂ -methyl- 
aerylophenone concentration since it would appear that the 
d-methylacrylophenone molecule would be more easily 
adsorbed on the surface of the metal than styrene which 
contains only eight tr-electrons, If, however, styrene is a - 
much more reactive monomer than ^-methylaorylophenone, the 
polymer would be low in ok-methylacrylophenone content, 
even at low conversions.



DISCUSSION

The polymerization of ot-methylacrylophenone was 
studied to determine whether n.m.r. spectroscopy could be 
used in determining the stereochemistry of this polymer in 
the manner similar to the determination of the stereo
chemistry of polymethyl methacrylate by Bovey and Tiers.^ 
<x-Methylacrylophenone was prepared from a Mannich base 
reaction (see Experimental). In the original preparation 
steam distillation was used to eliminate the amine salt, 
but this step was modified by heating the base under vacuum 
and distilling off *-methylacrylophenone.

tions were attempted. No polymerization occurred in the 
free radical systems, but anionic initiators caused poly 
merization. These results are summarized in Table 1.

0

C-CH2CH3+ CHgO + (CH-^NHaCl HOI, 160°
EtOH

Vacuum
C-CHCH

A series of free radical and anionic polymeriza-

9



10

T m m  i
SUMMARY OF FREE RADICAL AND ANIONIC POLYMERIZATIONS OF c^METHYLA C RYLOPHENONE

Init o Affito Tempo Time Solvent don Vo Vise.

Ifo 80° 24 hro Bone Np
BPO 3% 80° 48 hro Toluene Np
TBp:' 3% 100° 24 hr 0 None. Ep
AZB 3% 60° 24 hro- None Np c*

. A m Ifo 60° 48 hro Benzene Np
A m 10fo 60®, 72 hro None Np

n-BuEi Ifo 30° 48 hro None Np
n-BuLi 3fo 30® 48 hr0 Pentane Np
n-BMLi 3% =40° 24 hr 0 None 8 7 f 0oll5
n=Bn.Li Ifo a 8 o 24 tlT o Pentane 6o9f 0 o098

DS? 3fd 30° 12 hro- None 90^ 0o096
DS: 3fo -250 18 hro None 90# 0ol45
PMB- IQfo 30° 24 hr 0 THE: Np -
Li

Metal 0,3 go =30° 48 hr. None Np
Li

Dlspo 0 o 3 go 30© 48 hr0 THFI Np

BFO~T3ei3zoyl peroxide j TPB-1ert-butyl peroxide % AZB-azobis^ 
isotetyronitrile § DS=dimsyl sodium| PMB~phenyl magnesium 
bromide; Amt, in mole or grams:; Np-no polymer; vise,- 
inherent viscosity for 0o5%: solution in benzene.
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The reason cx-methylacrylophenone does not poly
merize free radically Is not clear. G. F. Santee studied 
the polymerization rate of vinyl benzoate, a monomer some
what similar to <x-methylacrylophenone• The slow rate of
polymerization Is explained in terms of reversible complex 
formation between the vinyl radical and the aromatic ring. 
(VI)

0 0I I  I Io—c v or-c
— CH2— C> (( ) 7 — CH2— 0

h h v rVI

In addition to the attempted free radical poly
merizations listed in Table 1, low temperature emulsion 
polymerization and photopolymerization (both free radical) 
of the monomer were tried without success (see Experi
mental ).

o(-Methylacrylophenone was polymerized successfully
using n-butyl lithium as anionic initiator, in bulk at
-40°. No polymer was obtained when the reaction was 
carried out at room temperature. The monomer was also
successfully polymerized using dimsyl sodium as the anionic 
initiator. With dimsyl sodium, polymer was obtained from 
both low temperature and room temperature reaction con
ditions. Other anionic initiators, such as phenyl
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magnesium bromide $ lithium metal, or lithium dispersion 
were unsuccessful;,

The n»mor0 spectra of poly^^methylacrylophenone 
in ODOl^ showed a broad single methylene peak at 7o6 T 
(107 protons), a broad single methyl peak at 9=0 T (3»2 
protons), and a single phenyl peak at 205 T (5*0 protons)o 
In order to obtain spectra of the polymer with better 
resolution of the methyl group, the samples were heated in 
sealed tubes, using the high temperature probe of the 
n«m»r» spectrometer. It was hoped that if better resolu
tion of the methyl and methylene groups could be obtained, 
the relative percentages of isotactie, syndiotaetic, and 
heterotactie configurations in the polymer could be 
obtained (see introduction). High temperature spectra 
were obtained in carbon tetrachloride at 90°, ehlorobenzene 
at 100°, and 0“diehlorobenzene at 100G, 120°, and 150o»
The spectra showed no splitting or better resolution of 
the peaks when compared to the spectra taken at room 
temperature. A sample of the polymer was sent to Atlantic 
Refining Company, where the sample was run on a Vdflan 
spectrometer. The resolution was the same as that obtained 
with the Varian 60 spectrometer. The single methyl and 
methylene peaks are suggestive of a highly syndiotaetic 
polymer.9 Because of the relatively large phenyl group, it 
was thought that perhaps an isotactic configuration would 
be too sterically hindered. Models of the polymer show
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that the polymer eomld exist in an isotaetie configuration 
but that the movement of the groups was restricted. A* 
powder camera Xvray film that was run four hours suggested 
that the polymer was amorphous in character. The inherent 
viscosities^® (ty inh) the polymer varied from 0.04 to 
0,15, depending on the method of preparation. The polymer 
softens, becoming transparent and plastic at 205®,.

A series of -methylaerylophenone-styrene copoly
merizations were carried out using Gol$ benzoyl peroxide 
.(mole $ based on total moles of both monomers) at 60° as 
the free radical initiator.The reactivity ratios were 
determined according to the method of Mayo and Lewis 
and the results summarized in Table 2. The equation used 
was %

It expresses rg as a linear function of r^ with 
and m2 as parameters. and 

respective monomers in the feed, and m^ and mg are the 
moles of monomers in the polymer. Figures 3 and 4 illus
trate the graphical determinations of the reactivity ratios 
for this system.

Figure 3 illustrates how the individual points of 
the et -me thylac ryl ophen one -styrene copolymer composition 
graph are used to arrive at an experimental curve which is 
then used to establish the best fitting set of r̂  and r2 

values

Mb are the moles of the
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TABLE 2
SUMMARY OP THE REACTIVITY RATIOS FOR 

STYRENE - c<-METHYLA GRYLOPHENONEB .

Mg ®2 Conversion Time $0xygerâ

OpOl 0*10 Go 19,. 0 ,70 ,4*97$ 1-J- hr. 2*99$
0,02 0*09 0*24 0*62 2*76$ 1§ hr. 3,9©$'
0p03 0*08 0*30 0,54 3 .62$ 2 hr* 4.83$
@o 04 0,07 0*31 0*53 2*91$ 2 hr. 4*90$®
0o©55 0*055 0,41 0 ,3 8 2,24$ 2 hr. 6,63$
0o06 0*05 0,43 0*36 1,52$" 2 hr*.. 6*92$
0,07 0,04 0*47 0*30 2,52$ 4 hr. 7o48$e
0*08 0.03 0,54 0 ,20 1.44$ 4 hr. 8,03$

a M^jmi-^-methylacrylopb-enone Ira feed arad polymer respec
tively; Mgs mg-styrerae Ira feed arad polymer respectively*
# ©xygera In polymer determined from carbon and hydrogen 
analysis (^0xygens10G^-sum of ^carbon and ^hydrogen)*
® lo46^ and I*54^ residue respectively in the analysis for 
carbon and hydrogen.
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Mole
Fraction
(mi)in
Copolymer 0.5

1.00.5

Mole Fraction (Mg) In Monomer Mixture 
(M^,m^ represent a-methylacrylophenone)

Figure 3* <X-Methylacrylophenone-styrene 
Copolymer Composition Graph.



Figure k . Graphical Determination of r^r^ Values.
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Figure 4 shows the graphical determination of the 
r^ and rg values for c<~methylacrylophenone and styrene, 
respectively0 The circle represents the most probable 
area for the value,, The values ares r-^^OoSO^QoOS?
r2s0o42„0o05o

A series of oc-me thyl ao ryl ophe n one - s t y re ne copoly-” 
inerizations were run at low conversions using lithium metal 
and lithium dispersion to determine the relative amounts 

of the monomers in the polymer. It was hoped that a block 
copolymer could be obtained. Overberger and Yamamoto^" 
reported block copolymers of styrene and methyl methacry
late using lithium dispersion as the initiator. For a more 
detailed summary of their work see pages 6 and 7 of the 

introduction.
The <*-methylacrylopher©re-styren@ copolymer!zations 

were carried out at 30®, The monomer feed composition rich 
in styrene polymerized within a few minutes# whereas the 
compositions rich in ov-methylaerylophenene (9 0s10) produced 
no polymer even when allowed to react for 48 hours. The 
n,m.r. spectra showed predominately polystyrene, with only 
a very small methyl peak in polymers rich in K-methyl- 
aerylophenope in the monomer feed (70§30)= The infrared 
spectra did reveal a small carbonyl peak §,t l670"'cm"̂ .
The carbonyl peak increased slightly as the feed of 
o(=methylacrylophenone was increased.
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A semi-quantitative infrared analysis^ applying 
the baseline technique was used to determine the amounts 
of o^-methylacrylophenone in the copolymers = A'5$ solution 

in chloroform of the homo=poly-<^-methylaerylophenone gave 

an absorbance of ©985° 3he copolymer feed ratios were 
90s 1 0i, 7 0g30, 50850, and 30:70 millimoles of styrene-*- 
methylacrylophenone respectively. The percentages of 
cx-methylacry 1 ophenone in the copolymers (in the same order) 
were ©«19$, 0,60^, 0o26^, and 0o7®%o It was hoped that 
quantitative analysis of the copolymer composition could 
be obtained from ultraviolet spectrometry, but the solvents 
in which the polymer dissolved, such as. dioxane, chloro
form and carbon tetrachloride, also absorbed in the region 
of the carbonyl peak. These results are summarized in 
Table 3,
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TABLE 3
COPOLYMERIZATIONS OF <*=METHYLACRYLOPHENONE AND 

STYRENE USING- LITHIUM DISPERSION IN TETRAHYDROFURANa

MAP
(mmoles)

Styrene 
(mmoles)

Time Gonvo Vise. Area
(em2)

%MAP

10 ■96 10 mino 210 08$ 0ol24 io8@ Op 19%
30 70 8 mlno 4 0 03^ Op 154 2 0 8 O Op 60%
50 50 10 mihp l p 6 # 0ol92 lo20 Op 26%
TO 30 4#- hro 5,47% Oo 092 3,31 Oo 70%
90 10 48 hr0 Oo 00% c=» -

a Lithium dispersion-50^ in hexane» 40 ml. tetrahydrofuran 
used for each run, MAP-cK-methylacrylophenone, visco- 
inherent viscosity of OpS^solution in benzene, area based 
on 2 3 oO cm2 for 5 % solution of homo-poly-a-methylacrylo- 
phenone compared to 5^ solutions of copolymers,



EXPERIMENTAL

Melting points are uncorrectecL Infrared spectra 
were determined on a Perkin-Elmer Infraoord of a Beckman 
IE-4, calibrated against polystyrene; nom.ro spectra were 
determined on a larian Model A-60 (60 Me.) spectrometer 
using tetramethylsilane as internal or external standard. 
Mieroanalyses were performed by the Micro-Tech Laboratories 
of Skokie, Illinois. Solvents used were purified prior to 
use. The hydrocarbon solvents were purified by washing 
with 95$ sulfuric acid, stirring overnight with 95$ sul
furic acid, washing with distilled water, drying over 
anhydrous magnesium sulfate and refluxing over sodium metal 
for 24 hours before final distillation immediately prior 
to use. Tetrahydrofuran was purified by distilling over 
lithium aluminum hydride and storing under an inert atmo
sphere. Styrene was purified by washing with 10$ potassium 
hydroxide and with water three times. At the third washing 
with water the aqueous phase was neutral, The inhibitor 
free styrene was treated with anhydrous sodium sulfate 
overnight, and distilled under vacuum over calcium hydride, 
The styrene was stored at -18° under inert atmosphere.

AA Preparation of c^-Methylacrylophenone
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oC-Methylaerylophenone was prepared according to the 
procedures of Fuson^ and Enott^S* into a flask, equipped 

with a mechanical stirrer and a, reflux condenser, was 
placed 134 g, (1000 mole) of propiophenone, 106 g„ (lo30 
moles) of dlmethylamine hydrochloride, 40 g, (l030moles) 
of paraformaldehyde, 160 ml. of ethanol, and 2 ml» of 
concentrated hydrochloric acid. The mixture was heated 
,under reflux for 3 hours. After cooling, the mixture was 
added to ether to precipitate an oil, which solidified on 
shaking. The solid was reerystalllzed from ether-ethanol 
mixture yielding 180 go (80%) of the Mannish base, m„p» 
154=6°=

The Mannieh "base was placed in a rotary evaporator 
which was heated on an oil hath under reduced pressure. 
c(-M0thylacrylophenone distillate was collected. The- yellow 
oil was redistilled through a Vlgreaux column. By treating 
the yellow oil with 2 ml. of n-hutyl lithium before distil
lation a colorless oil distilled at 70° (3o5 mmo)$, n|5 
1=5370, yield 60o5 g= (41=5̂ ) (lito25 n|0 1.5354, d20.
1.0249 b.po 50-5 0 -at 2 mm. ).

Bo Attempted Free Radical Polymerizations of 
(X-Methylaorylophenone 

In a typical experiment 2,0 g. of the freshly 
distilled d-methylaorylophenone was placed in a 50 ml. 
round bottom flask equipped with a magnetic stirrer and
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three way stopcock* The system was degassed by three 
freeze-thaw cycles * The evacuated flask was flushed with 
nitrogen, and then placed in an oil bath at 50°« Two mg* 
of 2,2 6 =azobiS'=2-iBethylpropionitrlle was added to the 
flask and the reaction was allowed to continue for 48 
hours with the addition of another 2 mg* of initiator after 
24 hours of reaction* No polymer was obtained when the 
reaction mixture was poured into methanol. On distillation 
lo7 go of starting material was recovered*

This same procedure was followed in the free 
radical polymerizations of ct-methylaerylophenone with 
tert-butyl peroxide, 3 mole % at .100° for 4 days $ with 
benzoyl peroxide 9 3 mole % at 80° for 48 hours, In both 
cases no polymer was produced, and only starting material 
was recovered*

©* Attempted Low Temperature Polymerization of 
o< -Me thylacryl ophen one

Polymerization at -20°* A solution of 2*3 g* of 
finely pulverized sodium pyrophosphate decahydrate in 105 
ml. of distilled water was prepared* This solution was 
poured into a 500 ml. 3 necked flask which had previously 
been flushed with nitrogen, and placed on a steam bath* 
Nitrogen was kept streaming into the flask during all the 
charging period until after the addition of o<-methylaorylo- 
phenone* Then, 2*5 g* of pulverized ferrous ammonium
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sulfate hexahy&rate dissolved in 35 ml. of distilled water 
was added. As cloudy precipitate formed in the solution9 
which was heated slowly to about 60°» Meanwhile 10 g» of 
sodium oleate (pHt11) was dissolved in 60 ml, of water, 
with slight warming and then 200 g, of glycerol was added 
with stirring to the soap solution. When the activator 
solution had come to temperature, the soap~water~glycerol 
solution was added to it and the flask, after preliminary 
cooling under the water tap, was placed in an ice-salt 
bath. After the temperature of the contents had reached 
0°, 50 ml, of ot-methylacrylophenone containing 1=0 g, 
benzoyl peroxide was added. The fla&k was then stoppered 
and placed in a carbon tetrachloride-aeetone-dry ice bath 
at =20° for 48 hours with occasional agitation. The 
contents were then added with mechanical stirring to 75 
ml, of a water suspension of phenyl 2-naphthylamine and 
were coagulated with salt-dilute acid solution and washed 
with tap water. No latex material was formed. Forty- 
seven ml. of ot-methylacrylophenone was recovered on distil- 
latlon and no polymer remained,

BE* Attempted Photopolymerization of d-Methyl- 
acrylophenone2T

All polymerizations were performed in Yyoor test 
tubes using a 450-watt Hanovia high-pressure mercury lamp. 
The cK-methylaerylophenone was purified by distillation and
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redistillation immediately before use. The triphenyl 
phosphine was recrystallized from absolute ethanol to 
constant melting point. Reaction mixtures were purged of 
oxygen by three freexe-thaws using nitrogen that was 
bubbled through pyrogallio acid solution to remove any 
trace of oxygen. A sample containing 3o0 g, of <*-methyl<- 
acrylophenone and 20 mg. of triphenyl phosphine was irra
diated for 6 hours at 30-4©0. (The lamp was cooled by a 
water jacket.) When the reaction mixture was poured into 
methanol about 8 mg. of a very fine precipitate was 
collected which was insufficient for characterization.

In another run at 0° for 6 hours only starting 
material was recovered.

S.. Ah ionic Polymerization of oc-Methylacrylophenone 
with n-lutyl .Lithium

Two g. of a-methylaorylophenone was placed in a 
flask equipped with a magnetic stirrer and a three way 
stopcock. The system was degassed and purged with nitrogen. 
The flask was then placed in a dry ice bath at -4©e| 25.6
mg. of n-butyl lithium in hexane (0 .1 7 ml. of a 15$ solution9 

3 mole % based on monomer) was added from a syringe to the 
monomer. The reaction was allowed to continue for 24 hours 
after which a yellow,oil which solidified on standing was 
obtained. The solid was dissolved In methyl ethyl ketone 
and reprecipitated from methanol to give a white powder»
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which after* drying in vacuo at 60° for 24 hours weighed 

loT 6° (85^ conversion)o The n0m<,ro spectrum showed the 
disappearance of the vinyl protons, a broad methylene peak 

at 7o5 T and a broad methyl peak at 9=0 To The infrared 

spectrum showed a carbonyl peak at 1675 cm-I* tyrel (®°5$ 
in benzene) lo059s I? 0o115<,
AMlg Oalcdo for G^oH1G0gr G:9 82>15^5 H» 6*84^»

Poundg G::, 82,29$? H, 6o97$o

5% Anionic Bolymerization of o(-Methylaerylophenone 
with Bimsyl Sodium

Bimsyl sodium was prepared essentially according to 
the method of Oorey,^ godlum hydride (©o10 mole) as a 55$ 
dispersion in mineral oil was placed in a flask equipped 
with a gas inlet tube, a reflux condenser, and a mechanical 
stirrero The hydride was washed three times with n-pentane 
to remove the mineral oil, and the flask was evacuated to 
remove all traces of pentaneo The system was flushed with 
nitrogen and 50 ml* of dimethyl sulfoxide was added from a 
syringe, and the mixture was heated on an oil bath at 80° 
until evolution of hydrogen ceased* The dimsyl sodium was 
titrated with hydrochloric acid* To 5*0 g* of the c<-methyl~ 
aerylophenone (in bulk) was added 0o3 ml* of the dimsyl 
sodium solution (0*0106 g0 of dimsyl sodium)* The reaction 
was carried out at room temperature and a viscous oil formed 
within 30 minutes* The oil solidified on standing, was



t dissolved in benzene and reprecipitated from methanol, 
Conversion was 9©o5#> ^rel lo048g ĵ_nh ©<>098 (©,©5^ 
solution in benzene) <>

(B, Radical Sbpolymerizatlons of c*-Metbtylacrylo~
phenone and 8t%renep0

A ’series of copolymerizations of ^-methylacrylo- 
phenone were carried out at low conversion using styrene 
as the comonomer and benzoyl peroxide as initiator,
(Sbpolymerizat1ons were also carried out at low tempera
tures using n-butyl lithium as the initiatoro) In a ’ 

typical experiment 4o00 g, (0o©274 mole) of <K-methylacrylo- 

phenone and 2<>50 g, (0,0274 mole) of styrene were added to 

a 50 iBlo round bottom flask equipped with a magnetic stir
rer and three way stopcock. The system was degassed and 
flushed with nitrogen by the usual method. Thirteen mg,
(0,1 mole f0) of benzoyl peroxide was added and the flask 
heated on an oil bath at 80° with constant stirring for 12 
hours o The solution was then poured into methanol to 
precipitate the polymer. Conversion was 6,45$? yielding 
0,42 go, ̂  rel 1.060, I) j_Bll 0,116 (0o05% solution in benzene).

H-.-- Anionic Qopolymerlzation of o(-Methylacryid- 
phenone and Styrene with Lithium Metal and 
Lithium Dispersion^
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In a 50 ml,, flask equipped with a magnetle stlzwer 
and three way stopeoek was placed 50 mmoles (7o30 g„) of 
oC-methylaGrylophenone and 50 mmoles (5=20 go) of styrene. 
The flask was degassed by the usual procedure and placed In 
a glove bag under helium atmosphere0 Lithium, wire (also in 
the glove bag) about 4 mnu in diameter was cut into pieces 
about 2 cm, in length and treated with methanol to obtain 
a fresh surface. The pieces were washed three times with 
tetrahydrofuran and. ©<>30 go of the metal were added to the 
flask along with 40 ml, of dry tetrahydrofuran. The flask 
was evacuated (©o5®bi, ) and closed. The flask was then 
placed into a constant temperature bath at 30® ± 0o5° for 
48 hours. The polymer was precipitated from methanol, 
Conversion was 30,4^, yielding 1=90 g, Hote-the color of 
the solution turned red after about five hours. The noHuro 
as well as the infrared spectra indicated only a small 
amount of et-methylaorylophenone in the copolymer, i] re2_ 
lo027» Ifih 0,040 (Go05% solution in benzene),

A series of eopolymerizations were run using 
lithium dispersion. In a typical experiment 30 mmoles 
(4.28 g,) of oC-methylacrylophenone and 70 mmoles (7,28 g,) 
of styrene were added to a flask containing 40 ml, of dry 
tetrahydrofuran. The system was degassed and 0,3 g, of 
lithium dispersion added in a glove bag under helium 
atmosphere. The reaction was run for 5 minutes at 30°
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and methanol was used to precipitate the polymer. The 
n.m.r, showed only polystyrene. The Infrared spectrum 
showed a small carbonyl peak at 1670 cm“ .̂ Conversion 
was 2.08$ yielding 0.240 g., rel 1.056, lnh 0.109 (0.5% 
solution in benzene).



PART II

ETHYLENE DIBUTYLBORONATE POLYMERS 
AND COPOLYMERS



INTRODUCTION

Initial interest in vinyl boron compounds stemmed 
from the possibility that when a vinyl group is bonded to a 
boron atom linked to two other atoms, i.e. sp2 hybridized 
boron, the boron pz orbital might overlap with the vinyl

done on polyvinyl boron polymers.
It was thought that perhaps thermally stable 

ladder-type polymers of alkoxy vinylboronates could be 
prepared from a two step process. The first step would be 
the polymerization of the vinyl groups, and the second the 
hydrolysis of the alkoxy groups to form the desired B-0 
bonding. Ladder polymers have come into prominence only 
within the last few years. Some interesting work in ther
mally stable aromatic heteropolymers which gave a ladder- 
type structure was carried out by Dawans and M a r v e l .

One method they used in the preparation of polybenzimldazo- 
llmldes (VII) was by treating pyromellitic anhydride and 
1,2,4,5-tetraamlnobenzene with polyphosphoric acid at 200°.

pi-electron system.There has been, however, little work

h

VII

30
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Overbergerl? prepared ladder polymers from vinyl
Isocyanates. The vinyl Isocyanate was polymerized to form 
the polyvinyl isocyanate, which In turn was treated with 
gamma radiation to close the rings and form the ladder 
structure (VIII).

Ladder polymers have also been prepared from sllanes.

hydrolysis of trlchlorophenylsilane, and treatment with 
potassium hydroxide at 250°• In addition to the ladder 
polymers mentioned, severs! others have been prepared. At 
this time there has been no work on vinyl boron ladder 
polymers mentioned in the literature. Perhaps one reason 
for this is that polyvinyl boronates are difficult to work 
with, and crosslink easily when exposed to air.

VIII

Brown and others-*-® prepared phenylsllsesquloxane from the



DISCUSSION

A 'large number of vinyl boronates have been repor
ted in the literature, Including ethylene dibutylboronate.
Besides the vinyl boronates, dl- and trivinyl boron com
pounds have been prepared. Vinylation of ethylene dibutyl
boronate gives butyl divinylboronate, (CHgZCHjgB-OC^Hg.
This product is so susceptible to polymerization that it
can not be I s o l a t e d . Trivinylborane, (CH2=CH)^B, was
Isolated for the first time as a product of the dlspro-
portionation of dimethylvinylborane.20

Ethylene dibutylboronate monomer was prepared
piaccording to the procedure of Matteson. The general

reaction sequence was the following:
CHp=CHMgBr +  B(OR)=  -----------------» CHo=CHB(0R)2  \

THF, -60° * H30, -70°
0Ho=CHB(0H)o ------- » 0Ho=CHB(0R')sR 'OH d

where RrOH^ and R'sC^Hg. The vinyl boronlc acid waa 
susceptible to polymerization and was not isolated.

Ethylene dibutylboronate reacts with free radicals 
to yield intermediate radicals that are markedly stabi
lized by carbon-boron pi-bonding and which react further 
to yield boronlc esters.^2

32
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CH2=CHB(0Bu)2 > XCH2CH=^B(0Bu )2

XCH2CHYB(0Bu )2 + X* where X=C01^ and Y=C1.
Ethylene dlbutylboronate was polymerized with

benzoyl peroxide at 70° (24 hours). The resulting viscous 
oil crosslinked on exposure to air to form a transparent 
Insoluble film. Thermal gravimetric analysis (TGA) of the 
crosslinked polymer showed the loss of about 60$ of its 
weight when heated to 5^5°• The sharpest weight loss was 
between 80° and 100°. The polymer continued to lose weight 
slowly until about 450°. A loss of 60$ of polymer weight 
could have resulted from the loss of dibutyl ether. If 
this was the case perhaps the B-0 bonds were linking up to 
form a ladder-type structure. In a previous experiment, 
high dilution hydrolysis of polyethylene dlbutylboronate 
was carried out in a solution of benzene and a small amount 
of water. The solution was refluxed for 24 hours under a 
stream of nitrogen. It was hoped the following would take 
place:

The result was a brown gummy residue Insoluble in organic 
solvents, and was not characterized further.
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Since polyvinyl dibutylboronate crosslinked so 
easily, vinyl dlhydrobenzoboradlazole (IX), a crystalline 
solid, was prepared in an attempt to form a ladder polymer 
from a two step process.

-CH=0H

IX
Vinyl dlhydrobenzoboradlazole was prepared essen

tially according to the procedure of Letsinger^ (gee 
experimental), Besides the vinyl dlhydrobenzoboradlazole 
a low melting solid which turned brown on standing was also 
isolated from fractional sublimation. The spectral data 
and chemical analysis indicated the structure of the 
compound to be:

n h ;
NH-B-NH-

c h=o h2

When vinyl dlhydrobenzoboradlazole was refluxed in toluene 
for 4 hours with an excess of o-phenylenediamine about 50% 
of the low melting solid was isolated.

Attempts to polymerize vinyl dlhydrobenzoboradla
zole with free radical, anionic, and cationic Initiators 
were unsuccessful. The reason the vinyl group did not
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polymerize was not clear. A possible explanation why 
anionic Initiation was unsuccessful was perhaps the initi 
ator, instead of attacking the vinyl group, abstracted a 
proton from the heterocyclic ring to form:

With free radical initiators the intermediate radical may 
be markedly stabilized by carbon-boron pi-bonding and thus 
may not Initiate further polymerization.

was attempted by heating under vacuum polyvinyl dlbutyl- 
boronate. It was hoped that the heat would break the B-0 
bonds, forming dibutyl ether, and cause cyclization to form 
six membered rings. The polymer lost about 10% of its 
weight after heating at 100° for 72 hours. The viscous 
oil turned yellow in color, but no apparent crosslinking 
resulted. This work is being continued at the present 
time.

tylboronate and styrene were carried out at low conversion. 
Using monomer feed ratios of 80:20, 60:40, and 30:70 mmoles 
of styrene and ethylene dibutylboronate respectively, the 
copolymer rich in styrene (80:20) was soluble in most 
solvents and did not crosslink on exposure to air. The

H H

H

Another approach to forming boron ladder polymers

A series of copolymerizations with ethylene dlbu-
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viscosity of the copolymer was % 1 * 1 8 8 ,  ^inh 0*344 for 
a 0«5% solution in benzene. The copolymer rich in boron 
did crosslink on exposure to air, but the crosslinking 
was not as rapid as homo-polyvinyl dlbutylboronate. The 
other copolymer (60:4-0) was partially soluble in the sol
vents, and did not crosslink as rapidly as the boron rich 
copolymer.

In addition to the work done on <*-methylacrylo- 

phenone and vinyl boron compounds, some time was spent 

on the synthesis of sllane compounds as possible monomers 

for ladder polymers. The results of this work are included 

in the experimental section.



EXPERIMENTAL

A» Preparation of Ethylene Dlbutylboronate^2
This compound was prepared according to the pro™ 

eedure of M a t t e s o n V i n y l magnesium bromide was prepared 
by the usual method»̂  A solution pf vinyl magnesium bro
mide prepared from 12ol6 ge of magnesium and an excess of 

vinyl bromide in 150 mlo of dry tetrahydrofuran was kept 
warm to prevent crystallization, and added over a period 
of 30 minutes (under nitrogen) to a vigorously stirred 
solution of 54»5 g= (0*55 moles) of trimethyl borate in 
250 mlo of dry ether kept below -50°« The mixture was 
allowed to warm to about 20° to assure completion of the 
reaction, then cooled and stirred at. -70® during the addi
tion bf 25 ml. of water followed by 25 ml. of hydrochloric 
acid and 35 ml0 of phosphoric acid in 250 ml. of water 
dropwise from an addition funnel. The mixture was stirred 
vigorously and allowed to warm to 0° during the addition| 
a slow rate of temperature rise helped prevent the mixture 
from congealing to a gummy mess impossible to stir. After 
all the solid material dissolved the two phases were sepa
rated and the aqueous solution was extracted with three 100. 
ml. portions of n-butanol. The combined organic phases were 
washed with two 100 ml. portions of 10$ sodium chloride
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solutiong followed by 50 ml, of sodium chloride solution 
and enough sodium bicarbonate to raise the pH to 5® She 
organic phases were drl#d by by cooling to -78®* lee 
crystals were collected and washed with cold ether, The 
dried material was distilled through a 12" packed column 
at reduced pressure, yielding 38*6 g, (3&fo) of product, 
b,po 62-4® (2 mmo), n|5 1 <>4168V lit,52 n|4°5 i04l67f 
bop, 35-40° (Ool mm<,), Preparation of analytical samples 
required treatment of the ester with butanol before redis- 
tIllation, The n,m,r, spectrum showed a single vinyl peak 
at 4,0 T (2,6 protons), GHg^O protons at 6,2-6,4 T (4,0), 
a,nd the infrared spectrum showed 0-0 stretch at 1602 cm*" , 
B-0 stretch at 1300-1310 em^1.

Bo Polymer1zation of Ethylene Dibutylboronate
Five g, of the ethylene .dibutylboronate was placed 

in a flask equipped with a magnetic stirrer and a stopcock, 
The system was degassed by three freeze-thaw cycles and 
flushed with nitrogen. The flask was then heated on an oil 
bath to 80° and 30 mg, of benzoyl peroxide was added. The 
mixture was allowed to react for 24 hours, A viscous oil 
which crosslinked on exposure to air resulted. The oil was 
soluble in many organic solvents such as benzene, chloro
form, and tetrahydrofuran when kept under inert atmosphere, 
but became totally insoluble when exposed to air. The 
n,m,r0 spectrum showed the disappearance of the vinyl
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protons<» The infrared spectrum showed the disappearance of 

the stretch at 1602 era'”-*-» No viscosities were deter
mined because of erosslinking,
Analg Galcda for 0, 6g025^1 H» B3?

5oST^o
Poundg 62,36^5 H, 11»3^; %  6.01^. '

G.. Preparation of Vinyl Dlhydroben2oboradiazole^

In a flask equipped with a stirrer and reflux con

denser was placed 21 ,0 g, (0,114 moles) of ethylene dibu- 
tylboronate, 12 ,3 g, (.0,114 moles) of o-phenylenediaraine, 
and 400 ml,, of toluene. The solution was heated under 
reflux for 2 hours. The solvent was removed under vacuum, 
and the solid that remained was sublimed at 7©° (0 ,1 ram,). 
The melting point determination of the sublimed material 
revealed two melting point ranges at 74-78° and 116-124°, 
The low melting solid was separated by resubliming the 
mixture at 25° (0,5 mm,). There remained 11,5 go (70$) of 
vinyl dihydrobenzohoradiazole9 m,p, 122-124°9 lit,54 m^p^ 
122-124°,= The n,m,r, spectrum showed a phenyl peak at 2,7 
T (4,0 protons), a vinyl peak at 3*7 T (3,© protons), while 
the infrared spectrum showed a single amine (secondary) 
peak at 345© cm~l. The low melting solid which sublimed 
consisted of 3 ,8  g, (23,2$) of white solid, m,p, 74-78°,
The n,m,r, spectrum showed a single primary amine peak at 
6,7 T (4,3 protons), a vinyl peak at 3»9 T (2,9 protons).



and two phenyl peaks at 3,0 T and .̂= 2 f (10o0 protons) 
whleh Inelude the peaks of two secondary amine hydrogens. 
The infrared spectram showed both primary and secondary 

amine H-H stretch at 3440 em“^ and 3450 cm”-*-,

Analg daled, for Gs 66,71^1 H, 6,75^1 E,
22,22̂ ; B.9 4 = 08̂ ,

F.ounds G:9 66o93%i H, 6,90^; N., 22,23^; B, 3<>77̂ o

D, Attempted Oationic polymerization of Vinyl

Methylene chloride was purified by washing with 3% 
sodium carbonate solution followed by water and drying over 
anhydrous calcium Chloride, and then distilled, A fraction 
boiling at 4©-4l° was collected. In a flask equipped with 
a stirrer was placed 1,00 g, vinyl dihydrobenzoboradiazole 
and 20 ml, of methylene chloride. The system was degassed 

and flushed with nitrogen, A 0,20 ml, sample of boron tri- 
fluoride etherate was added from a syringe through a rubber 
septum,Tke reaction mixture was cooled to -80° for 24 
hours, The methylene chloride was removed in vacuo and the 
solid that remained was sublimed, A total of 0,82 g, of 
monomer was recovered. The brown residue that was left 
was soluble in most solvents, including water and methanol 
and was not further characterized.
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A. similar proeedxare usirg aluminum chloride as the 
initiator was tried. Again only monomer (0.846 g.) was 
recovered, and the residue was not characterized =,

S. Attempted Anionic and Free Radical Polymer
ization of Vinyl Dihydrobenzoboradiazole

Into a 50 ml. round bottom flask equipped with a 
magnetic stirrer and stopcock was placed 0.5 go of the 
monomer and 25 ml. of toluene = The system was degassed, 
flushed with nitrogen, and cooled to -45°* A 0.5 ml. 
sample of n-butyl lithium was injected from a syringe into 
the flask, and the solution turned blue immediately after 
Injection. The mixture was allowed to react for 18 hours. 
The toluene was removed in vacuo and the solid material 
sublimed with 0.33 g* of monomer recovered. The residue 
was soluble in most organic solvents, including methanol, 
dimethyl sulfoxide, and water. Attempts to polymerize the 
monomer by free radical initiators were also made„ A 0.50 
g. sample of monomer was dissolved in 10 ml. of dry benzene 
and added to a 50 ml. flask (system degassed and purged 
with nitrogen). The flask was then heated on an oil bath 
at 80°, with the addition of 3 mole % of benzoyl peroxide. 
The solution immediately turned black in color. The 
solution was allowed to react for 48 hours. The benzene 
was removed in vacuo and the solid that remained was sub
limed with the recovery of 0.350 g. of monomer. The
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realdtie was soluble lia most solvents, including water, and 
was not characterized*

F= High Dilution Polymerization of Polyethylene 
Plbutylboronate

The formation of a ladder polymer by the high 
dilution hydrolysis of polyethylene dibutyl boronate was 
attempted using 1*5 S» of polymer dissolved in 1000 ml* of 
benzene containing 0*4 ml* of water and a trace of acid*
The system was refluxed under a stream of nitrogen for 24 
hours* The benzene was distilled off leaving a gummy brown 
residue totally insoluble in organic solvents* Apparently 
the polymer crosslinked during the course of the reaction*

0* Oopolymerizations of Ethylene Dlbutylboronate 
and Styrene

A series of copolymerizations using ethylene dibu- 
tylboronate and styrene were carried out in 50 ml* round 
bottom flasks. In a typical experiment 5°GO g* (0*0271 
moles) of ethylene dibutylboronate and 2,82 g, (0*0271 
moles) of styrene were added to a flask, and heated-on an 
oil bath to 70°* ©he mole % of benzoyl peroxide was then 
added and the reaction allowed to continue for 48 hours.
The white paste that resulted was dissolved in benzene, 
repreeipitated from methanol and dried in vacuo at 60® to 
a fine powder. The polymer erosslinked on drying so a 
viscosity determination was not possible* The n.m,r*
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spectrum showed the disappearance of the vinyl prsotons and 
a broad OHg-O proton peak at 602 To Conversion- was 60©2$ 
(4,65 6°)o

Ho Preparation of p-Bromophenyldiethyloxymethyl- 
silane^^

p=»B'romophenyl magnesium bromide36 was prepared in a 
three necked flask equipped with a mechanical stirrer, 
addition funnel, condenser, and gas inlet tube, A solution 

containing 200 ml© of tetrahydrofmran and 2 ,0 6 g© of mag

nesium was added to the flask, and 20©0 g6 (O0O85 moles) of 
p-dibromobenzene dissolved in 200 ml© of tetrahydrofuran 
was placed in the addition funnel© The temperature of the 
reaction mixture was maintained at 30° by adjusting the 
flow of p-dibromobenzene, A crystal of iodine was added to 
initiate the reaction© The Grignard reagent was transfer
red to an addition funnel, and added to a refluxing solution 
of 15©0 g= (O0O85 moles) of triethoxymethylsilane in 100 ml© 
of tetrahydrofuran© The solution was allowed to reflux for 
6 hours, during which time the color of the solution turned 
from black to a golden yellow© The tetrahydrofuran was 
removed in vacuo and the product distilled through a 
Vigreaux column, yielding 9©6 g© #39*2^), b©p© 85=88°
(2 mm©), n,|5 l©499©» bromine test positive© The n©m©r© 
spectrum showed-a single phenyl peak at 2,5 T (4©0 protons), 
a quartet at 6,0-6©4 T (4,1 protons), a triplet at 8©8 $
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(6e© protoris) g and a singlet at 9o8 T (3*2 protons)* The 
infrared spec trim, showed 83.-0 stretch at 117© cm™^? Si-OH^ 
stretch at 126© cDa”^*

I* Oyellzation and Polymerization of p-Bromo- 
phenyl Diethyloxymethylsllane^Tg 38

The silane was cyelized by hydrolysis to a viscorns 

oil containing trimers s tetramers s and some polymer. It 

was not possible to separate the high boiling fractions 
by ordinary distillation. Elation chromatography using 
alumina was also unsuccessful. The trimer and tetramer 
were polymerized to a brittle plastic material when treated 
with cesium hydroxide9 re^ 0,366 for a 0*5%
solution in carbon tetrachloride.

J. Preparation of ot-Shloromethylstyrene^

A solution containing 15.© g. (0.112 moles) of 
ot-hydroxymethylstyrene and 13*6 ml. of pyridine was cooled 
to 0®. To the stirred solution was added dropwise 11.7 
ml. (0.150 moles) of thionyl chloride with the formation of 
a yellow paste. After addition of the thionyl chloride 
the ice bath was removed and the solution stirred for an 
additional 2 hours at room temperature. The solution was 
extracted with three 50 ml. portions of ether. The -ether 
was removed in vacuo and the oil distilled through a 
Yigreaux column, yielding 6.9 g. (40$), b.p. 53-54°



(Go75 mmo)9 silver nitrate test positive for chloride, 
n^5 l056380 The noiQe.ro spectrum showed a singlet at 5*5 
T (2o0 protons) s a doublet at 6*4-6*5 T ( 2*0 proton#),p 
and a phenyl peak at 212 T (5.2 protons)0 

Anals Galcdo for G|HgGlg 0, 70,82^$ H, 5.93#.•
Founds G j 70 =»'67#? H, .5*85#;'
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