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leading to a yellow solid, 1.3 g., which was chromatographed 
on alumina. The portion eluted by 95:5 ethanol-acetone 
was concentrated and dried in vacuum, washed with petro
leum ether and treated with a small quantity of water, 
leading to white crystals, 0.102 g. (0.44 mmole), 14%, pin-
acol hydrate, m.p. 35-37°. A portion of this, 0.05 g., was 
dissolved in 10 ml. of water and treated with 0.25 g. of peri
odic acid in 40 ml. of water a t room temperature overnight. 
The solution was distilled into a solution of dinitrophenyl-

hydrazine in acidified ethanol-water, which was allowed to 
stand for two hours and then was evaporated, leading to 
acetone 2,4-dinitrophenylhydrazone, 0.017 g., m.p. and 
mixed m.p. with an authentic sample, 125-127°. 
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Organoboron Compounds. X.1'2 Popcorn Polymers and Highly Cross-linked Vinyl 
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Several substituted styrene compounds possessing boron functional groups were synthesized and subjected to polymeriza
tion conditions. A popcorn-type copolymer was obtained from the ethyl tartrate ester of £>-vinylbenzeneboronic acid, 
styrene and diallyl maleate. Although highly insoluble, this polymer reacted with phenylenediamine, alcohol and hydrogen 
peroxide. Copolymerization of 2-aminoethyl bis-/>-vinylphenylborinate and styrene yielded a highly cross-linked, powdery 
solid, from which ethanolamine could be removed by hydrolysis. The resulting polymer readily adsorbed amino alcohols 
from solutions. 

For studies on the catalytic action of organo
boron compounds it was desirable to have a low 
density, porous, highly insoluble polymer that con
tained firmly bound -B(OH)2 or >B-OH groups. 
We undertook the preparation of two different 
types of polymers which held promise of exhibiting 
such properties. One was a "popcorn-type" poly
mer3 derived from ^-vinylbenzeneboronic acid (Ia). 
It should contain relatively few cross links. The 
other was a copolymer of styrene and an ester of 
bis-p-vinylphenylborinic acid (II), which should be 
highly cross-linked. The first section of this paper 
deals with the synthesis of the monomers, and the 
second, with the preparation and some properties 
of the polymers. Vinyl-type polymers containing 
boron have not previously been reported. 

Monomer Synthesis.—Initial efforts were di
rected toward the preparation of ^-vinylpheuyl-
lithium, from which the boron compounds should be 
obtainable by reaction with butyl borate. Unfor
tunately, all attempts to prepare this lithium com
pound were attended by extensive polymer forma
tion. Thus, £-bromostyrene reacted with butyl-
lithium in ether solution; however, the arylcar-
boxylic acids obtained on carbonation were all 
polymeric.4 From the carbonation products of a 
similar interchange reaction which was carried out 

R 

H2C=C-
OH 

CH2= 

Ia 1R = H 
Ib 1 R = CH3 

OH 
=CH2 

(1) This work was supported by the National Science Foundation, 
Grant G-2361. 

(2) For the previous paper in this series see R. L. Letsinger and S. 
Dandegaonker, T H I S JOURNAL, 81, 498 (1959). 

(3) For a review of popcorn polymerization see (a) E. H. Immergut, 
Makromol. Chem., 10, 193 (1953): (b) J. L. Amos, K. E. Coulter and 
F. M. Tennant in "Styrene," edited by R. H. Boundy and R. F. 
Boyer, Reinhold Publishing Corp., New York, N. Y., 1952, p. 729. 

(4) Similar results were reported by G. B. Bachman, C. L. Carlson 
and M. Robinson, THIS JOURNAL, 73, 1904 (1951). 

in pentane a small amount of £>-vinylbenzoic acid 
was isolated, but the quantity was not of prepara
tive significance. 

We next turned to £-bromo-a-methylstyrene, 
which polymerizes much less readily than p-bro-
mostyrene. An interchange reaction with butyl-
lithium proceeded satisfactorily to give, on carbon
ation, £>-isopropenylbenzoic acid. With butyl 
borate the interchange products yielded ^-isopro-
penylbenzeneboronic acid (Ib). 

At this phase of the research the method of Lee-
brick and Ramsden for preparation of p-v'my\-
phenylmagnesium chloride5 appeared in the litera
ture. Following their procedure, we prepared this 
Grignard reagent and treated it with butyl borate. 
A 60% yield of ^-vinylbenzeneboronic acid was 
isolated from the reaction mixture.6 

Compounds Ia and Ib rapidly decolorized bro
mine in carbon tetrachloride solution and yielded 
sharp melting dihydrobenzoboradiazole deriva
tives7 with o-phenylenediamine. ^-Vinylbenzene-
boronic acid also furnished a solid ester (III) when 
heated in toluene with (+)-ethyl tartrate; the 
corresponding derivative of Ib did not crystallize. 

H 2 C = C -

COOC2H5 

n — C H 

in 
N)- -CCOOC2H6 

H 

The reaction of two mole equivalents of p-vinyl-
phenylmagnesium chloride with butyl borate 
yielded bis-p-vinylphenylborinic acid, which was 

(5) J. R. Lubrick and H. E. Ramsden, / . Org. Chem., 23, 935 (1958). 
(6) A. Hoffman and W. M. Thomas recently prepared ^-vinylben-

zeneboronic acid by dehydrohalogenation and hydrolysis of £-(<x-
bromomethyl)-phenylboroxine, THIS JOURNAL, 81. 580 (1959). Also, H. 
R.Snyder, M. S. Konecky and W. J. Lennarz, T H I S JOURNAL, 80, 3011 
(1958), listed some frequencies at which ^-vinylbenzeneboroiiic acid 
absorbs in the infrared, without however, giving any further informa
tion about the compound. 

(7) R. L. Letsinger and S. B. Hamilton, ibid.. 80, 5411 (1958). 
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isolated as the aminoethyl ester8 I I in 3 8 % yield. 
A portion of I I was converted to 2-amino-l-
methylethyl bis-^-vinylphenylborinate by hydroly
sis and reaction with l-amino-2-propanol. 

Polymerization. Popcorn Polymers.—Staudin
ger and Husemann 9 observed tha t styrene would 
copolymerize with small amounts of divinylben-
zene to give two types of polymers. One, rela
tively dense and glassy in appearance, would form 
a gel in benzene. The other, which has since ac
quired the name "popcorn polymer" from its ap
pearance, was opaque, possessed a low density, and 
was subject to only slight swelling in benzene. I t 
has been found tha t />-chlorostyrene also yields 
popcorn polymer,10 and a variety of divinyl com
pounds, including butadiene,1 1 diallyl maleate1'-
and methallyl cinnamate,1 3 may function as the 
crosslinking agent in place of divinylbenzene. 

For the preparation of the organoboron polymers 
we selected diallyl maleate as the polyvinyl com
ponent. Da ta on a series of reactions are summa
rized in Table I. In general, the components, along 
with a seed of popcorn polymer to serve as initiator, 
were sealed in erlenmeyer flasks (25-ml. capacity 
except for the larger scale reactions) and held at 
80° for the indicated periods. The popcorn poly
mer, which filled a good portion of the flask when 
the yield was high, was separated mechanically and 
by use of benzene to soften and swell the glassy 
polymer. 

Preliminary experiments with styrene confirmed 
the report t ha t popcorn polymers could be readily 
obtained with diallyl maleate.12 Unseeded mix
tures yielded approximately equal amounts of pop
corn and glassy polymer (expt. 1), whereas mix
tures seeded with popcorn polymer gave almost 
quant i ta t ive amounts of the popcorn variety (2). 
I t is interesting tha t the carbonyl band (5.8 M) in 
the infrared spectrum of the popcorn polymer was 
even less intense than tha t in the glassy polymer, 
indicating tha t less cross-linking agent (maleate) 
was present in the non-swelling polymer.14 '15 

(8) 2 -Aminoe thano l h a s p roved to be of general use in t he isolat ion 
a n d c h a r a c t e r i z a t i o n of a r o m a t i c bnr inic ac ids ; see for example (a) 
R. L. Le t s inger , I. Skoog a n d N . Remes . T H I S J O U R N A L , 76, 40-17 
(1954) ; (b) K. L. Lets inger a n d I. Skoog, ibid., 77 , 24Ul (1U55): (c) 77 , 
5170(1U55); (d) R. L. Le t s inger and N. R e m e s , ibid., 77 , 24SU (1955) ; 
a n d (e) R. L. Le t s inger and J, R . N a z y , J. Org. Client.. 2 3 , U I l (1958). 

CJ) H. S t a u d i n g e r a n d K. H u s e m a n n , Br,-.. 68B, 1618 (1935). 
(10) J. W. Bre-i tenbach, H . Preuss ler a n d H. Kar l ingen , Monatsh., 

80, 150 (1950). Th i s seems to be t he only s u b s t i t u t e d s ty r ene previ 
ously r epo r t ed to en te r i n to popcorn po lymers . O t h e r m o n o v i n y l 
c o m p o u n d s found to give popcorn po lymers include m e t h y l ac ry l a t e and 
\-inyl a c e t a t e (see above) a n d m e t h y l m e t h a c r y l a t e ; J. R. P a n c h a k . 
T, T . K r y z a a n d T . G. Fox , Abs t r . of A .C.S . M e e t i n g , Sep t . , 1952. 

(11) M . S. K h a r a s c h , W. .Xudenberg, K. Jensen , P . F i scher and D. 
Mayfie ld . Iud. Eug. Chtiu.. 35 , 830 (lii-17); L . M . Welch, M . W. 
S w a n e y , A. H. GIeason and R. K. B e c k w i t h , ibid., 35 , 820 (1947). 

(12) E . C. B r i t t o n , G. I I . Co l eman a n d J. W. Zemba , U. S. P a t e n t 
2,331,203 (1943). 

(13) E . C. B r i t t o n , H. B. Marsha l l a n d W. J. L e F e v r e , U. S. P a t e n t , 
2,341,175 (1944). 

(14) B y con t r a s t , S t a u d i n g e r and H u s e m a n n (note 0) sugges ted t h a t 
the low swelling capac i t y of popcorn po lymer , as c o m p a r e d to t he glassy 
po lymer formed s imul t aneous ly , resul ted from a c o n c e n t r a t i o n of t he 
cross- l inking agen t (d iv iny lbenzene in the i r case) in t he popcorn 
po lymer . 

(15) In o rde r to ex t r ac t any monomer i e m a l e a t e which m a y h a v e 
been re ta ined by the glassy po lymer we t r e a t e d a por t ion of t he 
po lymer wi th boiling benzene for two hours . T h e po lymer swelled 
m a r k e d l y . After sepa ra t ion and dry ing it gave an infrared s p e c t r u m 
ind i s t ingu i shab le from the original glassy po lymer . 

Otherwise, the spectra of the two polymers could 
not be distinguished. 

At tempts to prepare popcorn polymers with p-
vinylbenzoic acid (expt. 6, Table I) , a-methylsty-
rene (7) and compound I I I (8) were unsuccessful, 
and only a low yield (10%) of popcorn polymer was 
obtained with ^-bromostyrene (5). An excellent 
conversion to popcorn polymer resulted, however, 
when an equimolar mixture of />-chlorostyrene and 
/)-bromostyrene was employed as the monovinyl 
component (9). By use of an analogous copoly-
merization process we were able to prepare boron-
containing popcorn polymers.16 Thus, mixtures 
containing ester I I I and styrene (75 mole per cent, 
or more) afforded essentially quant i ta t ive amounts 
of popcorn polymer (12, 13). With somewhat 
higher proportions of I I I , glassy polymer also de
veloped (14). I t may be noted tha t styrene gave 
popcorn polymer in the presence of p-isopropenyl-
benzeneboronic acid (11); however, this polymer 
did not contain boron (flame test) . 

Kxpl 

1 
2 
3 
4 
5 
(i 

7 
8 

!) 
10 

11 
12 
13 
14 
15 

TABLE ] 

FORMATH)N OF POPCORN 

Vinyl 
'. c o m p o n e n t s 

S ty rene^ 
S t y r e n e 
S t y r e n e 
^ - C h l o r o s t r y e n e 
i>-Bromostyrene 
/ ' -Vinylbenzoic 

acid 
a - M e t h y l s t y r e n e 
I I P 

[^-Bromostyrene-^ 
^ -Ch lo ros ty r ene ] 
I a , 3 /5-chloro-

s ty r ene 
I b , J s t y r e n e 
I I I , s t y r ene 
I I I , s t y r ene 
I I I , s t y r ene 
I I I , s t y r e n e 

Wt. . B. 

8 . 0 
8 .0 
3 . 0 
1.4 
1.85 
1.49 

1.2 
2 . 9 1 
0 . 9 2 
0 . 7 
0 . 3 2 , 1 . 1 0 

2 . 0 , 7 . 0 
0 . 8 5 , 1 . 5 0 
1 . 0 . 1 . 0 
1 . 5 , 1 . 0 
0 . 9 8 , 0 . 3 0 

Di 
allyl 

male 
a te , 

K-

0 . 8 
. 8 

0 
0 . 1 

. 1 

.1 

. 1 

.1 

.1 

.1 

.8 

.15 

.1 
. 1-1 
.005 

POLYMERS 

Ben
zene, 

S-

0 . 8 
. 8 
.24 
.1 
.1 
. 5 

. 1 

.1 

.1 

. 1 

.8 
15 

.1 
.2 
.05 

T i m e , " 
hr . 

72 
24 

240 
24 
48 

108 

30 d a y s 
108 

47 

48 

48 
23 
54 
30 
72 

Yield 
of 

pop 
corn 
poly

mer , / 

~ 5 0 c 

95 
0" 

100 
10c 

0° 

0.1 
(ic 

90 

50'' 

65* 
US'' 
HO11 

20* 
10* 

" This is the time elapsed before flask was opened. Gen
erally the popcorn polymer had formed long before this. 
b No popcorn seed was used. " The remaining product was 
glassy polymer. d Did not polymerize. " Ethyl tartrate 
ester of />-vinylbenzeneboronic acid. ' Brackets signify a 
copolymerization with two monovinyl components. a p-
Vinylbenzeneboronic acid. '' The popcorn polymer con
tained boron. * The popcorn polymer did not contain 
boron. ''^-Isopropenylbenzeneboronic acid. 

The boronate groups in the popcorn copolymer 
of styrene, I I I , and diallylmaleate were available, 
a t least in part , for the usual types of chemical re
actions. Thus, hydrogen peroxide cleaved the 
carbon-boron bonds to give a boron-free polymer, 
o-phenylenediamine reacted to yield a dihydroben-
zoboradiazole derivative (about 4 0 % of the boron-
ate groups reacted), and water hydrolyzed the bo
ronate esters, liberating boronic acid groups. The 
hydrolyzed polymer readily absorbed 2-aminoetha-
nol from alcohol-water solution. 

(10) M i x t u r e s con ta in ing two monov iny l c o m p o u n d s do no t seem t o 
h a v e been employed prev ious ly in popcorn po lymer iza t ion except 
in t he case of s t y r ene and v inyl idene chlor ide (note 10), a n d it was no t 
shown in t h a t ease t h a t v iny l idene chloride h a d been inco rpora t ed in to 
the po lymer . 

file:///-inyl
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Polymer from II.—A copolymer (IV) was pre
pared by heating 2-aminoethyl bis-^-vinylphenyl-
borinate and styrene in the presence of a,a'-azo-
diisobutyronitrile. It crumbled easily and was in
soluble and non-swelling in refluxing benzene, tolu
ene, acetone, ethanol and acetic acid. It did not 
melt on heating to 400°, but began to darken about 
280°. Further evidence of the polymeric nature 
of this product was provided by the infrared spec
trum, which contained no peaks in the 6-6.2 n re
gion (C=C) although both styrene and the vinyl-
phenylborinate monomer absorbed strongly in this 
region (6.11 and 6.15 fj., respectively). 

On hydrolysis with hydrochloric acid in aqueous 
ethanol IV yielded a nitrogen-free polymer which 
still contained boron. This product reacted with 
2-aminoethanol to give a polymer possessing 90% 
of the amount of aminoethanol originally present 
in IV (see Table II). The hydrolyzed polymer 
also reacted, though to a less extent, with 1-amino-
2-propanol and ephedrine. The data in Table II 
are in accord with the assumption that the number 
of boron sites available for reaction decreases as 
the bulk of the aminoalcohols increases. Simple 
amines (ethylamine and ethylenediamine) were 
bound to the polymer to a less extent even than 
ephedrine, which must be related to the fact that 
borinate-ammonia complexes are much less stable 
than aminoethyl esters of borinic acids.8b 

TABLE II 

BINDING OF AMINES AND AMINOALCOHOLS BY N - F R E E 

S T Y R E N E - I I COPOLYMER 

H H 
- C — C H 2 - C - -CH2 

2-Aminoethanol 
l-Amino-2-propanol 
Ephedrine 
Ethylamine 
Ethylenediamine 

% N 
found 

4.01 
3.44 
2.01 
1.94 
3.99 

% B groups 
reacted" 

91 
80 
51 
41 
43 

" The original polymer, for which 100% of the boron 
groups were combined with 2-aminoethanol, contained 
4.36% N by analysis; therefore the equivalent wt. of the 
fragment containing one boron atom in the polymer chain 
was [100/4.36] (14) = 321, and the equivalent weight after 
hydrolysis was 278. The " % B reacted" was calculated 
from the equation 

% N 
100 

(Nn)Z(Un) 
(NB) /\E + 278 

where NB is the mole fraction of boron that has reacted with 
amine, A.E is the increase in equivalent weight attending 
reaction of one amine per boron, and n is the number of ni
trogen atoms in the amine; "% B reacted" = 100 NB-
The accuracy of the values for the % B groups reacted should 
be of the order of ± 5 % . 

In contrast to the insolubility in acetic acid, 
polymer IV readily dissolved in acetic acid solu
tions of hydrogen peroxide. Addition of water to 
the solution precipitated a new polymer which was 
free of boron, possessed hydroxyl groups (infrared), 
and was soluble in alcohol and in acetone. This 
change in solubility may be attributed to a decrease 
in the number of cross-links as a result of oxidation 
of carbon-boron bonds (equation 1). The intrin
sic viscosity (77 = [In 7]r/c]c -~ 0) of this material, 
obtained from viscosity measurements in absolute 
ethanol at 22.5°, was 0.099. This is indicative of a 
relatively low degree of polymerization. 

:—CH2--

B - O R + 2H2O2 —' 

-CH2 

IV 

-CH2 

OH + 
(HO)2BOR (1) 

OH 

- C - C H 2 
H 

Experimental Section 
Carbon, hydrogen and nitrogen analyses were performed 

by Miss Hilda Beck unless otherwise indicated. The in
frared spectra were determined with a Baird recording spec
trophotometer, with the sample in potassium bromide. A 
nitrogen atmosphere was used in all reactions with organo-
metallic reagents and in the polymerizations. Melting 
points were taken on a Fisher-Johns apparatus and are un
corrected. 

p-Isopropenylbenzeneboronic Acid (Ib) and ^-Isopropenyl-
benzoic Acid.—Butyllithium (258 ml. of 0.853 M ether 
solution) was added with stirring to a solution of 43.2 g. 
(0.217 moles) of ^-bromo-a-methylstyrene in 250 ml. of 
ether. The solution was allowed to warm to room tem
perature; then it was cooled to —70° and added over a 
period of two hours to a well-stirred solution of 115 g. of n-
butyl borate in 365 ml. of ether. After the mixture had 
warmed to room temperature it was acidified with dilute hy
drochloric acid. The ether layer (along with the ether from 
a wash of the aqueous layer) was extracted with sodium 
hydroxide solution and the alkaline extract then separated 
and acidified. From an ether extract of this solution was 
obtained 29.0 g. (82.5%) of crude solid product (a mixture 
of the monomeric acid and polymer). On recrystallization 
from water 13.0 g. (37%) of the purified /)-isopropenylben-
zeneboronic acid was obtained, m.p. 152-155°. 

Anal. Calcd. for C9HnOoB: C, 66.72; H, 6.84; neut. 
equiv., 161. Found: C, 63.4017; H, 7.37; neut. equiv., 
162 (detn. by titration with alkali in presence of mannitol). 

The dihydrobenzoboradiazole derivative has been re
ported previously.7 

From a similar, smaller scale reaction (2.356 g. of p-
bromo-a-methylstyrene) which was carbonated on Dry Ice 
(rather than added to butyl borate) was isolated 1.45 g. of 
crude £-isopropenylbenzoic acid. Recrystallization vielded 
a sample melting at 158-160° (lit.4 156-158°). 

^>-Vinylbenzeneboronic Acid (Ia).—^-Yinylphenylmagne-
sium chloride was prepared from 27.6 g. of p-chlorostyrene 
by the procedure of Leebrick and Ramsden,6 with the ex
ception that ethyl bromide was not used as an activator. 
Tetrahydrofuran (200 ml.) was added, the mixture cooled 
to —78° and a solution of 100 g. of re-butyl borate in 200 
ml. of tetrahydrofuran, also at —78°, added over a period 
of 5 to 10 minutes. The solution was stirred for 30 min., 
allowed to warm to room temperature, and stirred for two 
additional hours, whereupon it was hydrolyzed with dilute 
hydrochloric acid. An isolation procedure similar to that 
used for />-isopropenylbenzeneboronic acid yielded 17.68 g. 
(60%) of p-vinylbenzeneboronic acid, m.p. 188-190°. 
The weight of polymer obtained from this reaction was 12.7 
g. (38%). 

Anal. Calcd. for C8H8O2B: C, 64.93; H, 6.13; B, 7.31. 
Found: C,18 60.50, 63.03, 58.05; H, 6.07, 6.13, 6.09; B, 
7.32. 

2-(4-Vinylphenyl)-l,3-dihydrobenzo[2,l,3]boradiazole.— 
A toluene solution containing 1.0 g. of ^-vinylbenzene-
boronic acid and 0.732 g. of ^-phenylenediamine was heated 

(17) A black ash remained; see note 18. 
(18) Many aromatic organoboron compounds yield a black ash 

(probably a mixture of boron carbide and boron oxide) on combustion. 
Such an ash was obtained from each of three analyses of ^-vinylben-
zeneboronic acid. As expected, the carbon results were low and 
erratic. It may be noted, however, that the hydrogen results were 
satisfactory. 



3012 R O B E R T L. LETSINGER AND S T E P H E N B. HAMILTON Vol. Sl 

to reflux. The water azeotrope and a portion of the toluene 
was removed by distillation. On cooling, 1.32 g. of the di-
hydrobenzoboradiazole derivative was obtained. Re-
crystallization from carbon tetrachloride yielded 1.12 g. 
(~5%) of purified material, m.p . 246-247°. 

Anal. Calcd. for C14Hi3BN2: C, 76.40; H, 5.95; N, 
12.79. Found: C, 70.4719; H, 5.8519; N, 13.18. 

Ethyl Tartrate Ester of ^-Vinylbenzeneboronic Acid (III). 
—A benzene solution (25 ml.) containing 2.035 g. of ( + ) -
ethyl tartrate and 1.460 g. of ^-vinylbenzeneboronic acid 
was refluxed in a flask fitted with a take-off adapter to re
move the water azeotrope. The benzene was then removed 
•in vacuo until the solution was one-half its original volume. 
On addition of pentane white needles separated; weight 
2.78 g. (89.6%), m.p . 58-59°. 

Anal. Calcd. for Ci6Hi9BO6: C, 60.41; H, 0.02; neut. 
equiv. for boronate ester, 318. Found: C, 60.0, 59.8; 
H, 5.94, 5.91; neut. equiv. (titration in the presence of 
mannitol), 313. 

2-Aminoethyl Bis-p-vinylphenylborinate.—To a solution 
of 0.2 mole of £>-vinylphenylmagnesium chloride in 200 ml. 
of tetrahydrofuran a t —78° was rapidly added 21.8 g. (0.09 
mole) of n-butyl borate in 100 ml. of tetrahydrofuran. 
After warming to room temperature and three hours of 
stirring, the mixture was hydrolyzed with dilute hydro
chloric acid. The ether layer was treated with 15 ml. of 
2-aminoethanol. Evaporation of the ether and addition 
of water yielded the solid ester, which after recrystallization 
from toluene melted at 181-182° and weighed 9.99 g. 
(37.7%). 

Anal. Calcd. for C18H20BNO: C, 78.00; H, 7.27; N, 
5.05. Found: C, 73.03«; H, 7.09; N, 5.12. 

2-Amino-l-methylethyl Bis-/>-vinylphenylborinate.— 
Three grams of 2-aminoethyl bis-/>-vinylphcnylborinate 
was shaken with 200 ml. of ether and 20 ml. of dilute hydro
chloric acid under a nitrogen atmosphere. The ether layer 
was separated and mixed with 25 ml. of an acetone-water 
solution containing 5 ml. of l-amino-2-propanol. Distilla
tion of the ether in vacuo and addition of 20 ml. of water 
to the residue vielded a solid, which was recrvstallized from 
benzene; 86 .5% yield, m.p. 185-187°. 

Anal. Calcd. for Ci0H22ONB: C, 78.36; H, 7.01; N, 
4.82. Found: C, 73.02«; H, 7.79"; N, 4.87. 

Reactions of Styrene-III Popcorn Polymer.—Polymer 
prepared from expt. 12, Table I, was used in these tests. 
The infrared spectrum showed strong absorption at 5.75 
(ester C - O ) and 7.3 p (B—O). The polymeric nature of 
this and the other materials described as "popcorn poly
mers" was indicated by the insolubility of the materials in 
all solvents examined, the high melting temperature (307-
312°, preliminary softening a t about 280°) and the absence 
of vinyl absorption in the infrared spectra. 

(a) Hydrogen Peroxide.—A suspension of 0.20 g. of 
polymer in a solution of 10 ml. of acetic acid and 1 ml. of 
30% hydrogen peroxide was allowed to stand three hours; 
then the polymer was separated by filtration, washed, and 
dried for two hours at 100° and 15 mm. It burned without 
a green flame. The infrared spectrum showed a new band 
of medium intensity at 3.0 p. (O-H), only a weak carbonyl 
band at 5.8 p. (presumably most if not all tartrate had been 
removed) and very weak absorption in the 7.3-7.7 n region 
(region for B-O). 

(b) Alcohol.—A sample of the popcorn polymer was 
heated in a dilute solution of hydrochloric acid in ethauol 
for an hour, while another sample was soaked in 95%; 
ethanol for 66 hours at room temperature. The infrared 

spectra of the recovered polymers were identical (except 
that the C = O baud in the acid treated sample was slightly 
less intense) and indicated that most of the tartrate had 
been removed; X 2.9 M (OH, mod. intensity), 5.8 p ( C = O , 
weak, similar to intensity for product of peroxide reaction) 
and 7.5 y. (B—O, strong and broad band). 

(c) 2-Amiiioethanol.—Some of the hydrolyzed polymer 
was heated one hour with ethanol which contained 2-
aminoethanol; then it was separated, washed with water 
and ethanol and dried. The nitrogen analysis (Found: 
N, 1.03) corresponded to one aminoethanol molecule per 
1.5 boronic acid groups (-B(OH)2 coucn. in polymer as
sumed equal to that in mixture of monomers). 

(d) o-Phenylenediamine.—The insoluble material ob
tained by heating the popcorn polymer an hour with o-
phenylenediamine in benzene exhibited bauds at 2.9 and 
7.0 p. (characteristic for dihydrobenzoboradiazole system7), 
7.4 (B-O or B-N) and 5.8 p. ( C = O , sufficient intensity to 
indicate that some tartrate was still present). The nitrogen 
analysis (Found: N, 1.30) corresponded to conversion of 
about 40% of the -B(OR)2 groups to dihydrobenzoboradi
azole groups. (Iu the absence of boron groups, o-phenyleue-
diamine was not bound to the polymer, as shown by the 
nitrogen analysis [Found: N, 0] for a styrcne—diallyl male-
ate popcorn polymer which had been treated with o-pheuyl-
enediamine in benzene.) 

Copolymerization of Styrene and II.—A mixture of 0.64 
g. of aminoester I I , 0.25 g. of styrene, 1.0 g. of toluene and 
0.01 g. of a,a'-azodiisobutyronitrile was sealed in a tube 
under nitrogen and heated for 10 hr. at 80° and one hour at 
100°. The polymer was washed with hot toluene and 
dried; wt. 0.72 g. 

A nitrogen analysis on the polymer indicated that the per
centage of I I incorporated in the polymer was somewhat 
higher than the percentage of I I in the monomer mixture 
(%N calcd. for monomer mixture of styrene and I I , 3.04; 
%N calcd. for pure I I , 5.05; %N* found, 4.36%). 

A similar polymerization with 0.625 g. of 2-amino-l-
methylethyl bis-/>-vinylphenylboriuate, 0.25 g. of styrene, 
0.01 g. of the azo catalyst and 1.00 g. of toluene yielded a 
polymer of the same appearance and properties as that pre
pared from the 2-aminoethyl ester I I ; wt. 0.81 g. C)JN 
calcd. for a mixture of monomers, 3.45; %N found, 3.S9). 

Reactions of Styrene-II Copolymer, (a) Hydrogen Per
oxide.—A suspension of 0.1 g. of the polymer in 10 ml. of 
acetic acid was swirled with 1.0 g. of 30% hydrogen per
oxide. Virtually all of the polymer dissolved. The solu
tion was filtered and polymer reprccipitated by addition of 
water. This material (0.067 g.) was quite soluble in e th
auol and acetone but not in benzene. No green (due to 
B) could be seen in the flame when the polymer was burned. 
The infrared spectrum showed strong absorption at 3.0 p 
(O-H) and the 7.3-7.7 p region was free of the strong absorp
tion characteristic of trivalent boron. 

(b) Hydrolysis.—The copolymer (0.50 g.) was heated 
for an hour on a steam-bath with ethanol which contained 
hydrochloric acid. Separation by filtration yielded 0.48 g. 
of polymer which was insoluble in common organic solvents, 
contained boron (green flame on burning, X 7.5-7.7 p.) and 
was free of nitrogen (quantitative analysis). 

The polymers in Table II were obtained by heating 0.10 
g. samples of the N-free polymer with the indicated amine in 
acetone solution for one hour. The products were washed 
thoroughly with acetone and water to remove any loosely 
adhering amine. The infrared spectrum of the polymer 
after addition of 2-aniinoethanol was identical with that of 
the original polymer IV; X 3.05 p (N-H of complexed amine); 
the strong absorption in 7.3-7.7 p region characteristic of 
trivalent boron compounds was absent. 

(19) Analyses by Micro-Tech Laboratories, Skokie, III. E V A N S T O N , I I I . 


