Korea Polymer Journal, Vol. 4, No. 1, pp 61-64 (1996)

Cyclopolymerization of Optically Active
Diallyl-1-Phenylethanamines

C. H. Do*
Department of Polymer Sci. & Eng., Sunchen National Utiversity, Sunchon, Chonnam 540-742, Korea
' Y. J. Joo
Kumho Chemical Laboratories, Yusung, Daejun 305-348, Korea

G. B. Butler
Center for Macromolecular Sci. & Eng., University of Florida, Gainesville, FL 32611, U. 8. A.

Received February 26, 1996

ABSTRACT : Optically active cyclopolymers were prepared by a radical polymerization of (R)-(+)-
and (8)-(-)-dially-1-phenylethanamines (DAPEA) and their structures and optical properties were
characterized. The polymerization of DAPEA was carried at 50°C in water using 2,2'-azobis(2-ami-
dinopropane) dihydrochloride as a radical initiator.{R)-(+)-cyclopolymer showed negative Cotton ef-
fect and (5)-(-)-cyclopolymer showed positive Cotton effect. The CD behavior of the mixed solution
did not disappear. We concluded tentatively that the localization of domains (chiral groups of (R)-
(+)- and (S)-(-}-cyclopolymers} was different between two cyclopolymers.

Introduction

A complete or partial substitution of methyl
groups in diallyldimethylammonium chloride
{DADMAC) with various groups such as long alkyl
groups or fluororalkyl groups and subsequent cy-
clopolymerization produced cyclopolymers pos-
sessing interesting functional activities.” As an ex-
tention of our efforts to synthesize and study the
properties of the cyclopolymers containing func-
tional groups, we applied this method to cyclo-
polymers as a means of introducing optically active
groups. Synthesis of optically active polymers is
one of the current research topics in polymer
syntheses since polymers containing optically ac-
tive groups are applied in the fields of chiral sta-
tionary phases for the resolution of racemates,
chiral templates for asymmertric synthesis, chiral
reagents, chiral catalyst or model enzymes, and
chiral liguid crystals for ferroelectric and nonlinear
optical applications.’

One simple way of preparing optically active poiy-

mers is to polymerize monomers containing op-
tically active side chains.”” The optical activities of
the resulting polymers, however, are not the sum
of the optical activities of the side chains because

Scheme L. Preparation of optically active poly{diallyl-l-
phenylethanamines) from allyl bromide and diallyl-l-
phenylethanamines.
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the configuration and conformation of the poly-
mers affect optical activities and the induction of
asymmetric carbon atoms by optial active side
chains occurs.

We chose optically active l-phenylethanamines
in order to introduce optically active side group to
DADMAC cyelopolymer. 1-Phenylethanamine
group as derivatives of 1-phenylethanamine group,
maleimides, ethylenimies, and the Schiff base of 4-
vinyl benzaldehyde was studied by several other n-
vestigators.”™ In this paper, we report the syn-
thesis and cyclopolymerization of diallylamines con-
taining 1-phenylethanamine group (Scheme D).

Experimental

Materials. (#)-(+)-1-phenylethanamine {Fluka)
and (Si-(-)-1-phenylethanamine (Hexcel) were
fractionally distilled. Allyl choride (Aldrich),
chloromethane (Oriental Chemical Co.), and DAD-
MAC {Aldrich) obtained as 60% aqueous solution
were employed without further purification. 2.,2'-
Azobis(2-amidinopropane )dihydrochloride (ABAP,
Wako) was employed as a radical initiator. MeOH
of certified ACS grade (Fisher) and CHCI: of spec-
troscopic grade were used for the polarimeter.
Acetone was dried over anhydrous calcium sulfate
and distilled.

Preparation of (R)- and (S)-diallyl-1-phenyl-
ethaneamines. Allyl bromide, 32.6 mL, (S}-(-)-1-
phenylethanamine, 25.5 mL, NaOH, 25g, and 100
mL of distilled water placed in a 250 mL round bot -
tomed flask and the mixture was refluxed for 24 h.
The organic layer was separated and dried over sol-
id NaOH overnight. After dried, fraction boiled at
67-68°C at 0.3mmHg was collected. (R)-(+)-
diallyl-1-phenylethanamine was also prepared by
the same procedure from {(R)-(+)-1-phenyi-
ethanamine and allyl bromide.

Cyclopolymerization. Dry HCI gas was passed
into anhydrous ethyl ether solution containing 5 g
of (5)-(-)-diallyl-1-phenylethanamine to prepare
HCI salt of the amine, After the reaction was com-
pleted, ether was removed and highly viscous HCI
salt was obtained. The HCI salt and 5 mL of water
were placed in a 25 mL Erlenmeyer flask capped
with a septum and flushed with nitrogen gas for 10
min. Then, 45 mg of ABAP was added to the flask
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and flushed for 5 more minutes with nitrogen gas.
The flask was placed in a 50°C water bath and
was shook for 24 h. The content was neutralized
with 1N NaCO: solution and the cyclopolymer was
separated. The cyclopolymer was washed with co-
pious amount of water followed by ether and dried
under vacuum, The yield was 1.5 g.

Characterization.

NMR Spectra: 'H and “C NMR spectra were re-
corded on a Varian 200XL NMR spectrometer us-
ing CDCl, and DA as solvent at ambient tem-
perature.

Optical Activity: Optical rotation was recorded
on a Rudolph Autopol III polarimeter using a 20 cm
sample tube at ambient temperature at 546 nm us-
ing MeOH, CHCl;, and H.O as solvents. Specific ro-
tation [@} was calculated uing following equation

(L.
[a]me = 100&,;,:/[6 (1}

where O, is observed rotation in degrees, [ is
length of sample tube in centimeters and ¢ is the
concentration of cyclopolymer in g/mL of solution.

Circular Dichroism (CD): CD behaviors of the
polymers were ohserved by a Jasco model J-720
spectropolarimeter at ambient temperature using
the concentration of 0.8 mg/mL (EtOH),

Results and Discussion

The allyl groups of. (R)-(+)-diallyl-1-phenyl-
ethanamine appeared at 2.9-3.2, 5.0-5.2, and 5.7-5.9
ppm and their integrated area shows that two allyl
groups are attached (Figure 1a). The carbon atoms
appeared at 52.2, 116.8, and 136.6 ppm (Figure 1b)
and the hoth 'H and “C NMR spectra nicely con-
firm the structure of (R)-(+)-diallyl-1-phenyl-
ethanamine.

The “C NMR spectrum of poly[{(8)-(-)-diallyl-1-
phenylethanamine] is shown in Figure 2. Although
the spectrum is not quite clear, the peaks of cyclic
ring moiety, C-3, C-4, and C-5, originated from di-
allyl group, appeared around 54-58, 28-32, and 22-
26 ppm, respectively. These peaks indicate the for-
mation of five-membered ring structure and con-
sequently the cyclopolymerization of diallyl-1-
phenyl-ethanamine. It has been understood that
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Figure 1, (a) 'H and (b) “C NMR Spectra of (R)-{(+)-di-
allyl-F-phenylethanamine (solvent, CDCl,).
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Figure 2. "C NMR Spectrum of poly[(S)-(-}-diallyl-I
phenylethanamine] (solvent, DMSO-d,}.
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six-membered ring structure formed from secon-
dary radical intermediates might prevail over five-
membered rings formed from less stable primary
radical intermediates. However, according to a re-
cent investigations, almost exclusive formation of
the kinetically formed five-membered rings occurs
instead of the thermodynamically favored six-
membered ring in the case of the quaternary am-
monium salts.!

The specific rotation of (S)-(-}-diallyl-1-phenyl-
ethanamine was -32.4 " (solvent, MeOH) whereas
that of polyl(S)-(-)-diallyl-1-phenylethanamine]
was -21.6  (solvent, CHCL). The signs of the spe-
cific rotations of the monomer and the corre-
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Scheme II. Cis- and trans-configration of the cyclopoly-
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Figure 3. CD spectra of polyl (R)-(+)*diallyl-l-pher'1yl—
ethanamine), (b) poly[(S)-(-)-diallyl-l-phenylethanamine],
(¢} mixture of the (R)-{+)-and {S)-(-}-cyclopolymers.

sponding polymer didn't change, which indicates
that the cyclopolymerization didn't change the
chiral center. The cyclization introduces cis- and
trans-configration in the cyclopolymers as shown
in Scheme II. Although the cis-structure prevails
over the trans according to our early studies,” we
didn't study this issue in the present case and ac-
cordingly, it is not clear whether the induction of
asymmetric carbon atoms during cyclopolymer-
ization occurs or not.

Figure 3 shows the CD spectra of poly[(R)-(+)-
dialtyl-l-phenylethanamine], poly[(5)-(-)-diallyl-1-
phenylethanamine], and the mixture of both. Neg-
ative Cotton effect is shown for (R)-cyclopolymer
and positive for (S)-cyclopalymer. The intensities
of CD behaviors reveal the domains of chiral poly-
mers. However, the Cotton effect does not disap-
pear when (R)-and (S)-cyclopolymer are mixed. Tt
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indicates that the localization of chiralities is dif-
ferent between the two cyclopolymer.

In conclusion, we prepared the optically active
cyclopolymers, (R)-(+)-and (8$)-(-)-polyldiallyl-1-
phenylethanamines] and their structures and op-
tical properities were examined. The copolymers
with DADMAC are under investigation.
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