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Amino acids are expected not only as biocompatible
materials but also as sources of chemically functional
materials. We have developed amino acids based on
polymers and peptides, where wide varieties of polym-
erization methods are employed such as fermentation,
polycondensation, polyaddition, ring-opening polymer-
ization, and so on.! Endo et al. have developed radical
self-polyaddition of the optically active monomer derived
from cysteine to afford the corresponding polymer
having cysteine moieties in the main chain and het-
erotelechelic structure with thiol and olefin groups.
Furthermore, it might be suggested the polymer had
some higher order structure by the specific rotation and
circular dichroism analysis.2 Meijer et al. have reported
synthesis and polyaddition of o,w-isocyanato alcohols
from a,w-amino alcohol and di-tert-butyltricarbonate
((BOC),COz) under mild conditions.3

This article deals with the synthesis and self-polyad-
dition of optically active monomers derived from ty-
rosine. The tyrosine-based monomer, L-tyrosine methyl
ester [I-T(L)-M] having isocyanate and hydroxyl groups
was synthesized by the reaction of tyrosine methyl ester
[T(L)-M] and (BOC),COg3 in chloroform (CHCI3) (Scheme
1).# (BOC),CO3 was synthesized according to the re-
ported method.5

The structure of the I-T(L)-M was confirmed by 'H
NMR, 2C NMR, and IR spectroscopy. IR absorptions
assignable to isocyanate and hydroxyl groups were
observed strongly around 2267.9 and 3479.0cm~tin a

* To whom all correspondence should be addressed.

10.1021/ma0101456 CCC: $20.00

c
CO,Me &

a OH
HzN/b\d/Q_ fc

e
(a)

b 4 DMSO
H,0
o :
b 4
% +BuOH
~ OH
0=C=N
(b) CHCI3 a c

(BOC),CO3

9 8 7 6 5 4 3 2 1  ppm

Figure 1. 'H NMR spectra (270 MHz) of (a) L-tyrosine
methyl ester [T(L)-M], (b) isocyanate of L-tyrosine methyl ester
[I-T(L)-M] (CDCls), (c) the polymer obtained in polymerization
with Zr(acac)s (run 4 in Table 1) (DMSO-dg), and (d) the
polymer obtained in polymerization with NEt; (run 6 in
Table 1) (DMSO-dg).

CHCI; solution of I-T(L)-M, respectively. Figure 1b
shows the *H NMR spectrum of I-T(L)-M obtained from
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Table 1. Polymerization of I-T(L)-M?&

ield® [\ nylon-1/linear
run catalyst® solvent (%) (Mw/Mp)d polyurethanes [M]p2>f
1 Zr(acac), CHCl3 2 633 (1.10) 36/64 g
2 CgzHg04Sn CHCI;  >99 937 (1.48) 50/50 g
3 NEt; CHCl; 98 2287 (1.50) 15/85 44.3
4 Zr(acac)s THF 13 1200 (1.13) 76/24 48.3
5 C3HesOsSNn THF 77 1900 (1.29) 35/65 108.3
6 NEt; THF >99 18900 (1.55) 0/100 251.3

a Conditions: L-tyrosine methyl ester [T(L)-M] (1.0 mmol),
(BOC),CO3 (1.2 mmol), CHCI3 or THF (2.2 mL), catalyst (0.03
mmol), at 25 °C for 24 h.  Zr(acac)4: zirconium (IV) acetylaceto-
nate. C3pHesO4Sn: dibutyltin dilaurate. NEts: triethylamine. ¢ Eth-
yl ether-insoluble part. ¢ Estimated by GPC based on polystyrene
standards, eluent THF. ¢ Determined by 'H NMR. f [M]p% = [o]%p
x MW/100, where MW represents the formula weight of the
monomer repeating unit, [o]?°p was measured by a polarimeter
at 25 °C (c = 0.1 g/dL, THF). 9 Not observed.

the reaction of T(L)-M (spectrum in Figure la) with
(BOC),COs3. These results indicated that no side product
could be formed and I-T(L)-M was stable at room
temperature in the solution, but I-T(L)-M could not be
isolated by recrystallization and distillation. A similar
result was obtained in the synthesis of I-T(L)-M with
(BOC),COgs in tetrahydrofuran (THF) (Scheme 1).
The polymerization of I-T(L)-M was carried out in situ
by addition of several catalysts at 25 °C for 24 h in
CHCI3; and THF (Scheme 1 and Table 1). In all of the
cases, the reaction mixture was consistently homoge-
neous with all starting materials and products remain-
ing in the solution. The reaction mixture was poured
into ethyl ether to precipitate a white powdery polymer
that was soluble in common organic solvents such as
dimethyl sulfoxide, dimethylformamide, CHCI3;, and
THF. The structure of the corresponding polymers was
confirmed by 'H NMR and IR spectroscopy. No IR
absorption assignable to the isocyanate group was
observed at 2268 cm~!. Figure 1c illustrates the 'H
NMR spectrum of the polymer obtained by the polym-
erization at 25 °C by zirconium(lV) acetylacetonate in
CHCI; (run 1). The figure shows signals assignable to
hydroxyl (OH) and amide (NH) of urethane moieties at
9.3 and 8.3 ppm, respectively. These results indicated
that the corresponding polymer consisted of nylon 1
from the polymerization of isocyanate group and linear
polyurethane from the self-polyaddition of isocyanate
with the hydroxyl group of I-T(L)-M. The similar results
were also obtained in the polymerization with dibutyltin
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Figure 2. CD spectra (c = 0.1 g/dL, THF) of (a) poly[I-T(L)-

M] (M, 19 800, M,/M, 1.55) and (b) poly[I-T(D)-M] (M, 15 000,
Mu/Mp, 1.55).

dilaurate and triethylamine (NEts3) (runs 2—5). On the
other hand, as shown in Figure 1d of the 'H NMR
spectra of the obtained polymer by the polymerization
at 25 °C by NEtz; in THF (run 6), no assignable to
hydroxyl group was observed. Furthermore, the result
of the 3C NMR could be supported that the obtained
polymer was linear polyurethanes, poly[I-T(L)-M].6 In
addition, the number-average molecular weights (M),
polymer yield and the degree of [M]p increased with
linear polyurethane (Table 1). Tgss and Tgs were ob-
served in the ranges 360.5—380.3 and 125.3—131.2 °C,
respectively.”

Furthermore, in a manner similar to that above,
isocyanate of b-tyrosine methyl ester [I-T(D)-M] was also
synthesized and its polymerization was carried out in
the presence of NEt;z (3 mol %) in THF (1 M) to afford
the corresponding polymer, poly[I-T(D)-M] with M, of
15 000 (MwW/Mp = 1.24) in 95% yield. Figure 2 illustrates
the CD spectra of poly[I-T(L)-M] (M, = 18 900, M/M,
= 1.55) and poly[I-T(D)-M] (M,, = 15 000, M,/M,, = 1.24)
measured in THF solutions (c = 0.1 g/dL). The former,
poly[1-T(L)-M] ([M]p?® = 251.3) showed a positive Cotton
effect, whereas the latter, poly[l-T(D)-M] ([M]p® =
—245.6), exhibited a negative one. It is noteworthy that
the specific ellipticities [y] whose maxima exhibited
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good correspondence with Amax values of UV were
observed around 1000 deg-mL-g~*-dm~1. These results
might suggest that the linear polyurethanes had some
regulated higher order structures such as helical con-
formation due to its asymmetric carbon.

In summary, the synthesis and polymerization of
the optically active monomers derived from tyrosine
were examined. The self-polyaddition of the tyrosine-
based monomers, isocyanate of L-tyrosine methyl
ester [I-T(L)-M] and p-tyrosine methyl ester [I-T(D)-M]
having isocyanate and hydroxyl groups proceeded sat-
isfactorily to afford the corresponding linear poly-
urethanes having tyrosine moieties in the main
chain, poly[l-T(L)-M] (M 18 900, M\/M,, 1.55) and poly-
[I-T(D)-M] (M, 15 000, M\/Mj, 1.55), respectively in good
yields. The absolute value of [M]p?> of poly[I-T(L)-M]
(251.3) almost agreed with that of poly[l-T(D)-M]
(—245.6). Also, the positive Cotton effect of
poly[I-T(L)-M] and the negative one of poly[l-T(D)-M]
were observed, respectively. The specific rotation and
CD spectrospecific analysis might suggest that the
linear polyurethanes had some higher order structures.
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Communications to the Editor 5357

poly[I-T(L)-M], and poly[I-T(D)-M]. This material is available
free of charge via the Internet at http:/pubs.acs.org.
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