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ABSTRACT: A series of optically active phenyl isocyanides bearing various chiral functional groups, such as
L-alanine,L-alaninol,L-phenylalanine, and-lactic acid residues, with a longdecyl chain as the pendants were
prepared, and these were polymerized with an achiral nickel catalystfMi@arious organic solvents at different
temperatures. The chiroptical properties and structures of the resulting helical polyisocyanides investigated by
circular dichroism (CD) and IR spectroscopy revealed that the Cotton effect signs and intensities of the
polyisocyanides, which correspond to their helical senses (right- or left-handed helix) and the excess of one
helical sense, respectively, were significantly dependent on the pendant structures of the polymers and the
polymerization conditions, such as the solvent polarity and temperature. The effect of the alkyl chain length of
L-alanine-bound phenyl isocyanides on the helix-sense-controlled polymerization was also investigated.

Introduction nides bearing am- or p-alanine pendant with a long-decyl

The synthesis of optically active polymers with a single- chain @in Scheme 1). In sharp contrast to the poly(isocyan-
handed helical conformation has attracted much attention notopeptide)s, the polymerization with an achiral nickel catalyst
only to mimic biological helical structures but also for their (NICl2) diastereoselectively proceeded, resulting in an either
prospective applications to chiral materials, such as liquid right- or left-handed helical polymer (poB), whose helical
crystald and enantioselective adsorbeffo this end, optically ~ Sense can be controlled by the polymerization solvent and
active helical polymers have been prepared either by the temperaturd® An intermolecular hydrogen bond between the
polymerization of specific nonracemic monomers or by the Pendantamide residues of the growing chain endddring
helix-sense-selective polymerization of achiral or prochiral bulky the propagation reaction appeared to play a crucial role for the
monomers with chiral catalysts or initiatci%3 polyisocyanide to form either kinetically or thermodynamically

Polyisocyanides are among the most extensively studied Stable right- or left-handed helical structure.
helical polymers since the pioneering research by Millich, In this study, we synthesized a series of optically active
Drenth, and NoltéP4 The helical structure of polyisocyanides phenylisocyanides bearing various chiral functional groups, such
has been considered to be stablehvét4 units/turn (4/1) helix ~ asL-alanine g), L-alaninol §), L-phenylalanine®), andL-lactic
when they have a bulky side grofig®9® as evidenced by the ~ acid residues?) with a long n-decyl chain as the pendants,
direct chromatographic resolution of pdigi(t-butyl isocyanide) ~ and these were polymerized with an achiral NiCatalyst in
into enantiomeric helicésind further proved by the helix-sense- various solvents at different temperatures (Scheme 1). Analo-
selective polymerization of achiral bulky isocyanides by Nolte ~gousL-alanine-bound helical polyisocyanides with different alkyl
and Novalé Since then, wide varieties of helical polyisocyanides chains (n= 2, 6, and 14 in Scheme 1) were also prepared by
with functional pendant groups have been prepared, and somethe polymerization of the corresponding monomers( and
of them were utilized for optoelectronic and liquid crystalline 4). The effects of the alkyl chain length, bulkiness, and
materials3P4d9.9Nolte and co-workers also developed a series hydrogen-bonding ability of the pendant groups of these
of helical poly(isocyanopeptide)s bearing amino acid or peptide isocyanidesX—7) on the helix-sense-controlled polymerization
residues as the pendant groups stabilized by intramolecularand the chiroptical properties of the resulting polyisocyanides
hydrogen bonds in which their helical senses are determinedwere investigated by absorption, circular dichroism (CD), and
by the amino acid chirality of the pendaftss.3b.4d.m.r.5d.9b IR spectroscopies.

Recently, we reported an unprecedented helix-sense-con- ] )
trolled polymerization of enantiomerically pure phenyl isocya- Results and Discussion
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Scheme 1. Synthesis of Polylsocyanldes
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an amide linkagel(—6) and an.-lactic acid-bound isocyanide temperature in nonpolar solvents, such as AC(boly-3a),
with ann-decyl chain as the pendant through an ester linkage toluene (poly3b), and benzene (pol$g), were opposite to that
(7) were synthesized as outlined in Schemes 2 and 3 (seein polar THF (poly3c), suggesting that the helical senses of
Experimental Section), respectively, and these were then po-poly-3a and poly3c are opposite to each other, regardless of
lymerized with an achiral NiGl catalyst in various organic  the fact that the polymers have the sammaanine pendants.
solvents, such as nonpolar (GChnd toluene) and polar  Poly-3hand poly3i obtained by the polymerization in less polar
(tetrahydrofuran (THF)) solvents at different temperatures CHCl; and CHCl, at room temperature, respectively, also
(Scheme 1). The polymerization resultslef7 are summarized  exhibited a weak, but positivke; s value like those in nonpolar
in Table 1. All the polymerization reactions proceeded homo- CCl, and toluene (Figure 1A and runs 16 and 17 in Table 1).
geneously and afforded high molecular weight polymers (poly- We presume that the observed unusual changes in the first
1—poly-7) in high yield (64-92%), except for polyta obtained Cotton effect sign of the pol@s, that is their helical sense,
in CCly at room temperature (43% yield). The polymerization depending on the polymerization solvent may be ascribed to
in THF at room temperature (polie—poly-7c) and toluene at  the “on—off” fashion of the intermolecular hydrogen bonds
100 °C (poly-1d—poly-7d) tended to give relatively higher  between the pendant amide residues of the growing chain end
molecular weight polymersaM, = (15—50) x 10 with wider and 3 during the propagation reaction, which may force the
polydispersity Mw/Mp) than those polymerized in C&{poly- poly-3 into either a right- or left-handed helix in nonpolar
la—poly-7a) and toluene (polytb—poly-7b) at room temper- solvents under predominantly kinetic control (positie;s
ature (see Table 1). In fact, the molecular weight of g®ly- value). In polar solvents such as THF, however, such hydrogen
obtained in toluene increased with an increase in the polymer- bonding will be hampered, resulting in a thermodynamically
ization temperature (runs 10 and-124 in Table 1). Polymer-  favorable helical conformation (negativee;s value)!? This
ization in benzene, CHgl and CHCI, at room temperature  speculation was supported by the NMR and IR spectr8 of
was also performed f@ to investigate the solvent effect, giving measured in polar and nonpolar solvelitShe amide NH
high molecular weight polymers (poBg—poly-3i) in high yield protons of3 were largely shifted downfield in THHs (7.98
(runs 15-17 in Table 1). ppm) due to strong solvation compared with those in,Clp
Effects of Solvent and Temperature on Helix-Sense-  (6.82 ppm) and toluendg (6.61 ppm) (Figures S1 and S3A).
Controlled Polymerization of 3. First, we investigated the  The NH and amide Il bands & in THF significantly shifted
effects of solvent and temperature during the polymerization to shorter and longer wavenumbers, respectively (Figures S2
of 3 on the chiroptical properties of the resulting polyisocya- and S3B); the band positions also suggest solvated NH residues
nides. Figure 1A shows the CD spectra of p8/polymerized of 3 by THF molecules. In addition, the fact that polymerization
in various solvents at room temperature together with the typical of an analogous isocyanide in which the amide linkage was
absorption spectrum (polya) measured in CHGlat 25 °C. replaced by an ester oné)(produced a helical polyisocyanide
The sign and intensity of the first Cotton effect at around 360 with the same handedness independent of the polymerization
nm (Ae1s), which reflect the helical sense (right- or left-handed conditions also supports our speculation (see below and Figure
helix) and the excess of one helical sense of the polymer 4C).
backbone, respectively, were significantly dependent on the We then polymerize® in nonpolar toluene at high temper-
polymerization solvent and temperature. The Cotton effect signsatures (50, 75, and 10TC) with the expectation that helical
of polyisocyanides obtained by the polymerization at room polyisocyanides with the same handedness as that of the poly-
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Scheme 2. Synthesis and Polymerization of Phenyl Isocyanides—@)

X

NH,
H2N OC mH2me+1
DCC HOBt Pd/C
CO.H DMA, 120 °C EtOH THF
\ X\\‘ Y
OCmH2m+1 OCrHame+1
8(X=Me, Y=CO, m=2) 15 (X=Me, Y = CO, m=2)
9 (X=Me, Y =CO, m=6) 16 (X=Me, Y =CO, m=6)
10 (X = Me, Y = CO, m = 10) 17 (X = Me, Y = CO, m = 10)
11 (X =Me, Y = CO, m = 14) 18 (X =Me, Y = CO, m = 14)
12 (X =Me, Y = CH,, m = 10) 19 (X =Me, Y = CH,, m = 10)
13 (X=Bn, Y = CO, m = 10) 20 (X =Bn, Y =CO, m=10)
B 1
I
HCOZH Triphosgene
(CH3CO),0 NEt;
EtOAC, rt CH,Cly, 1t
\ X\“ Y
OCmH2m+1 OCmH2m+1

22 (X=Me, Y=CO, m=2) 1(X=Me, Y=CO,m=2)

23 (X=Me, Y =CO, m=6) 2 (X=Me, Y =CO, m=6)

24 (X =Me, Y =CO, m=10) 3 (X=Me, Y =CO, m=10)

25 (X =Me, Y =CO, m=14) 4 (X=Me, Y=CO, m=14)

26 (X =Me, Y = CHp, m=10) 5 (X=Me, Y = CHy, m=10)

27 (X=Bn, Y = CO, m= 10) 6 (X=Bn, Y=CO, m=10)

N
NiCly6H,0 N
CCl,, Toluene, THF, o
Benzene, CHCl3, or CH,Cl HN. ,X
1, 50, 75, or 100 °C Y
Y-
\OCmH2m+1

poly-1 (X=Me, Y =CO, m = 2)
poly-2 (X=Me, Y =CO, m =6)
poly-3 (X=Me, Y =CO, m = 10)
poly-4 (X =Me, Y =CO, m = 14)
poly-5 (X =Me, Y = CHp, m=10)
poly-6 (X =Bn, Y =CO, m = 10)

3cwould be produced (Figure 1B). In fact, pddebtained by nonpolar (CCJ and toluene) and polar (THF) solvents at room
the polymerization o8B in toluene at 75C (poly-3f) exhibited temperature and in toluene at 100 (Table 1).
the opposite negativAes value (—2.47) to that of poly3b The CD spectra of a series of polyisocyanides (dbhpoly-
(+2.25), and the CD intensity further increased in the negative 4) are shown in Figure S5, and the relationships between the
direction when polymerized in toluene at 100 (poly-3d, Aeist pendant alkyl chain lengthm) of the polymers and theif\eis;
= —4.64). The specific rotation ¢]p?° also changed from values are depicted in Figure 2. The polymers prepared in
+98.5 (poly-3b) to =410 (poly-3d, see Table 1 and Figure nonpolar solvents (C¢land toluene) at room temperature and
S4). We note that the IR spectra of pdg-clearly evidenced in toluene at 100C exhibited the same positive and negative
the formation of intramolecular hydrogen bonds regardless of Cotton effect signs, respectively, independent of the chain length
the polymerization conditions, indicating that both the right- (m), although the CD intensities are different from each other.
and left-handed helices are stabilized more or less by intramo-Notably, poly1d showed a very intense negative g value
lecular hydrogen bonds after the polymerization (see Table S1(—12.6) (run 4 in Table 1). However, the Cotton effect signs
and below for more detailed discussion). of the polymers prepared in polar THF at room temperature
Effect of Alkyl Chain Length of L-Alanine-Bound Isocya- were considerably affected by the alkyl chain length; the poly-
nides (1-4) on Helix-Sense-Controlled PolymerizationNext, 1cand poly2cwith a short ethyl and-hexyl chain, respectively,
we investigated the effect of the alkyl chain length of the pendant exhibited the same positive Cotton effect sign as those of poly-
groups of_-alanine-bound isocyanides{4) on the helix-sense-  1—poly-4 prepared in nonpolar solvents at room temperature,
controlled polymerization and the chiroptical properties of the while the poly3c and poly4c with a long n-decyl and
polymers.L-Alanine-bound helical polyisocyanides with dif- n-tetradecyl chain, respectively, showed the opposite negative
ferentn-alkyl chains (n = 2, 6, and 14 in Scheme 1) were Aegvalue as described above. Although it still remains unclear
prepared in the same way by the polymerization of the why the sign of the Cotton effects of the pdlg-and poly2c
corresponding monomer4,(2, and4) with NiCl, catalyst in was reversed among thealanine-bound polyisocyanides, the
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Scheme 3. Synthesis and Polymerization of Phenyl Isocyanide (7)
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Table 1. Polymerization Results of Phenyl Isocyanides with NiGi6H,02
polymerization conditions
run polymer solvent temp yield (%) Mn x 1074b Mu/MgP [o]p?5¢ Aeisf
1 poly-la CCly rt 90.3 37 1.9 +680 +6.97
2 poly-1b toluene rt 80.3 4.5 1.9 +377 +3.70
3 poly-1c THF rt 86.8 47 2.6 +247 +3.45
4 poly-1d toluene 100C 72.4 50 3.1 —1180 -12.6
5 poly-2a CCly rt 82.7 12 14 +1020 +9.90
6 poly-2b toluene rt 75.2 16 1.3 +146 +2.64
7 poly-2¢c THF rt 80.1 43 15 +55.3 +0.32
8 poly-2d toluene 100C 85.4 41 1.8 —705 —7.26
9 poly-3a CCly rt 78.1 8.4 14 +616 +8.14
10 poly-3b toluene rt 89.2 6.7 1.8 +98.5 +2.25
11 poly-3c THF rt 81.7 28 2.2 -59.0 -1.28
12 poly-3d toluene 100C 82.7 25 2.4 —410 —4.64
13 poly-3e toluene 50°C 84.6 9.3 2.1 +60.8 +0.41
14 poly-3f toluene 75C 78.4 20 2.0 —137 —2.47
15 poly-3g benzene rt 80.4 15 1.3 +325 +5.02
16 poly-3h CHClz rt 87.6 13 14 +293 +2.83
17 poly-3i CH:Cl; rt 91.6 22 14 +56.4 +0.52
18 poly4a CCly rt 42.8 11 15 +671 +8.03
19 poly-4b toluene rt 65.2 12 15 +155 +1.22
20 poly-4c THF rt 86.7 28 1.3 —326 -5.14
21 poly4d toluene 100C 77.1 48 14 —420 —6.25
22 poly5a CCly rt 71.6 6.2 1.6 -177 —1.43
23 poly-5b toluene rt 63.5 7.5 1.7 -107 —0.63
24 poly5c THF rt 87.0 41 2.3 —64.2 +0.42
25 poly5d toluene 100C 80.9 30 25 —273 —-1.28
26 poly-6a CCly rt 64.2 6.5 1.3 +439 +6.99
27 poly-6b toluene rt 69.5 11 1.9 +390 +5.47
28 poly-6c THF rt 78.5 28 19 +364 +5.40
29 poly-6d toluene 100C 80.0 26 2.4 +688 +8.94
30 poly-7a CCly rt 81.3 27 15 —115 —1.68
31 poly-7b toluene rt 76.4 8.7 1.9 —157 —1.96
32 poly-7c THF rt 78.2 15 2.2 —-177 —-2.37
33 poly-7d toluene 100C 72.1 22 1.8 —243 -3.21

apPolymerized under nitrogen; [monome+] 0.1 M, [monomer]/[Ni]= 100.° Determined by SEC (polystyrene standards) with THF containing tetra-
n-butylammonium bromide (0.1 wt %) as the eluetitleasured in CHGlat 25°C.

helical senses of polyisocyanides may be determined in aslowly but dramatically increased with time at high temperature
delicate fashion that is balanced by solvation (intermolecular and reached\e;ss = —8.5 and—11.8, respectively, after the
hydrogen bonding), temperature, and steric effect of the pendantspolymers were annealed in toluene at 100D for 12 days
during the polymerization. (Figures 3A and S6, respectivel)1* Under the same condi-
Annealing Effect of Helical Polyisocyanides.We then tions, the poly3aprepared in nonpolar C&ht room temperature
investigated the annealing effect ofalanine-bound helical  showed a decrease in the positive CD intensity of ca. 31%
polyisocyanides with different-alkyl chains (polyl—poly-4). (Figure S6)° Interestingly, the positive first Cotton effect signs
As reported previously, the negatie ;s values of poly3cand of poly-1c and poly2c with a short ethyl and-hexyl chain,
poly-3d with a long n-decyl chain prepared in polar THF at respectively, prepared in polar THF at room temperature were
room temperature and nonpolar toluene at 400respectively, reversed immediately after annealing the polymers in toluene
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Figure 1. (A) CD spectra of poly3a (a, black line), poly3g (b, blue line), poly3h (c, green line), poly8b (d, red line), poly3i (e, brown line),
and poly3c (f, purple line) polymerized in CG| benzene, CHGJ toluene, CHCI,, and THF, respectively, at room temperature. The absorption
spectrum of poly3a (g) is also shown. (B) CD spectra of paB (a, black line), poly3e (b, blue line), poly3f (c, green line), and polgd (d, red
line) polymerized in toluene at room temperature (ca.°@% 50, 75, and 100C, respectively. The absorption spectrum of p8ly{e) is also
shown. The CD and absorption spectra were measured in £4Qb°C (0.2 mg/mL).

poly-1 poly-2 poly-3 poly-4 controlled helical conformations upon heating. Therefore, the
(m=2) (m=6) (m=10) (m=14) polyisocyanides prepared in toluene at 2a0(poly-1d—poly-
!’ g 4 g " g J’ 4d) produced helical polyisocyanides with an opposite Cotton
10t o ccl, (a)] effect sign.
L ", Effect of Chiral Pendant Structures of Isocyanides (5-7)
on Helix-Sense-Controlled Polymerization.Figure 4 shows
5 toluene (b)] the CD spectra of polp—poly-7 polymerized in nonpolar C¢l
= I (rt) ; and toluene and polar THF at room temperature and in toluene
E 0 at 100°C (see also Table 1). Poly-and poly7 in which the
- N ester and amide linkages of pdbywere replaced by ether and
= i THF (c)1 ester ones, respectively, exhibited weak negafive; values
5 -5} i independent of the polymerization conditions (Figure 4A and
3 4C, respectively), except for the pobe (Aeist = +0.42). In
[ toluene (d)7] addition, the CD intensity of poly< prepared in THF at room
-10¢ (100°C) temperature hardly changed after annealing the polymer in
I toluene at 100°C for 12 days, and that of polye slightly
15 \ . \ \ changed under the same conditions (Figure 3B). These results
0 2 6 10 14 indicate that the amide residues as well as the ester carbonyl
groups at the pendant groups play an important role in preparing
m helical polyisocyanides with a controlled helical sense during

Figure 2. Relationships between the pendant alkyl chain length ( the polymerization.

and the first Cotton effect intensity at around 360 ) of poly- | trast 6 beari -oh lalani dant with
1—poly-4 polymerized in CQJ (black line), toluene (blue line), THF n contrast, polyé bearing an.-phenylalanine pendant with
(green line) at room temperature, and in toluene at IMQred line). ann-decyl chain whose structural characteristic is quite similar
The CD spectra were measured in Ckl@l 25°C (0.2 mg/mL). to that of poly3 except for its bulkiness exhibited rather intense
positive Aeis; values independent of the polymerization condi-
at 100°C, and the negativAe;s values gradually increased to  tions (Figure 4B and Table 1). In other words, the right-handed
—3.18 and—6.69, respectively, after 12 days (Figure 3A). In helical conformation showing the positive first Cotton effect
addition, the CD intensity of polyc with a longem-tetradecyl sigrPe1%was preferably formed during the polymerizationéof
chain (Ae1ss= —5.14) further increased in the negative direction independent of the solvent polarity and temperature, probably
after annealing in toluene at 10C (Figure 3A). These results  because of the bulky-phenylalanine residue which may force
indicate that the helical conformations of the polyisocyanides the poly6 into a right-handed helix in any solvent under
prepared in THF at room temperature are not stable and changegredominantly kinetic control. FT-IR spectra of a series of
into a thermodynamically more stable left-handed helical polyisocyanides (poly—poly-7) taken at room temperature in
conformation with an excess single-handed helix upon heating. dilute CHCE solutions (5.0 mg/mL) and in KBr provide insight
In contrast, polyisocyanides prepared in nonpolar &€toom into the effect of the functional groups on the structures of the
temperature (poly-a—poly-4a) possessed a relatively stable polyisocyanides prepared by the helix-sense-controlled polym-
helical conformation generated during the polymerization under erization (Table S1). Almost all the bands arising from the NH,
predominantly kinetic control and maintained their posithgs; the ester carbonyl, and the amide | for thelanine- and
values after annealing in toluene at 180 (for example, see  L-phenylalanine-bound polyisocyanides (pdlypoly-4 and
Figure S6 (poly3a)). The successive sequence of intramolecular poly-6) appeared at around 3268286, 17371746, and 1633
hydrogen bonds between the pendant amide residues of thel638 cnT?, respectively, the positions of which prove the
polymers likely contributes to maintaining their kinetically formation of intramolecular hydrogen bonding. However, the
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Figure 3. CD intensity changes of (A) polge (black circles and line), pol<c (blue circles and line), polgc (green circles and line), and pof\e
(red circles and line) and (B) polye (green circles and line), pol§e (blue circles and line), and pol¥e (red circles and line) with time in dilute
toluene solution (0.2 mg/mL) at 10C.
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Figure 4. (A) CD spectra of polyac (a, black line), polysb (b, blue line), and polysa (d, red line) polymerized in THF, toluene, and GCI
respectively, at room temperature, and pdty{c, green line) polymerized in toluene at 100. The absorption spectrum of pdba (e) is also
shown. (B) CD spectra of pol@d (a, black line) polymerized in toluene at 100, and polyéa (b, blue line), polyéb (c, green line), and polgc
(d, red line) polymerized in CGltoluene, and THF, respectively, at room temperature. The absorption spectrum éfelyis also shown. (C)
CD spectra of poly?a (a, black line), poly?b (b, blue line), and poly#c (c, green line) polymerized in C&ltoluene, and, THF respectively, at
room temperature, and poRd (d, red line) polymerized in toluene at 10Q. The absorption spectrum of poRa (e) is also shown. The CD and
absorption spectra were measured in CHl25°C (0.2 mg/mL).

NH bands of polyss exceptionally shifted upward (3283301 longer wavenumbers (1748755 cnt?). These results suggest
cm1), and the ester carbonyl absorptions of p@tyshifted to that the amide NH groups of poli~poly-4 and poly6 form
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intramolecular hydrogen bonds not only with the amide carbonyl MHz): ¢ 14.15, 18.58, 49.43, 61.97, 123.85, 128.30, 139.55,
groups but also with the ester carbonyl groups in the neighboring 150.43, 164.78, 172.9® and 11-13 were also prepared in the
pendants, which might play a crucial role in controlling the Same way in 58, 80, 68, and 60% yield, respectively.
helical sense together with the excess one-handedness of zgge(ftmﬁci%gdgta f(eﬁétgg) ?2325 %gn: i;(éll)lRl(Sﬁir,(acrrmz: N

i i i i 1 N—H/» C=0 ’ ’ .
P amseauenty, the hecal senses of posyisocyanides appear™, \MF (CDC 1,500 M) 00.90 (.3 =70 Ha, CH, 34)

! . A . 1.28-1.41 (m, CH, 6H), 1.55 (d,J = 7.0 Hz, CH,, 3H), 1.65-

to be governed by a delicate t_)alance of ;pemﬁc interactions q 79 (m, CH, 2H), 4.16-4.24 (m, CH, 2H), 4.76-4.82 (m, CH,
(intermolecular hydrogen bonding and steric effect) occurring 1) 6.97 (d,J = 7.5 Hz, NH, 1H), 7.97 (dJ = 9.0 Hz, aromatic,
between the pendant residues of the growing chain end and2H), 8.30 (d,J = 9.0 Hz, aromatic, 2H):3C NMR (CDCE, rt, 125
monomers during the propagation reaction and can be controlledMHz): ¢ 14.21, 18.80, 22.74, 25.68, 28.69, 31.57, 49.11, 66.32,
by the solvent polarity and temperature in the polymerization 124.05, 128.52, 139.71, 149.94, 164.97, 173.29.
process and the pendant structures as well. This finding may Spectroscopic data fdrl; mp 91.4-92.0°C. IR (KBr, cnml):
be useful to design and synthesize new helical polyisocyanides3297 ¢n-+), 1741 fc—o ester), 1638 (amide 1), 1527 (amide II).
with a controlled helical sense stable in solution, which will be *H NMR (CDCl, rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz, CH, 3H),

further applicable to chiral materials for separating enantiomers 1.24-1.38 (m, CH, 22H), 1.55 (dJ = 7.0 Hz, CH, 3H), 1.65-
as chiral stationary phases in chromatograpHy 1.71 (m, CH, 2H), 4.15-4.37 (m, CH, 2H), 4.75-4.81 (m, CH,
’ 1H), 6.94 (d,J = 7.5 Hz, NH, 1H), 7.98 (dJ = 9.0 Hz, aromatic,
Experimental Section 2H), 8.29 (d J = 9.0 Hz, aromatic, 2H):3C NMR (CDCk, rt, 125
MHz): 6 14.34, 18.82, 22.91, 25.97, 28.74, 29.41, 29.57, 29.71,

Instruments. NMR spectra were measured on a Varian AS500 29.78, 29.86, 29.87, 29.88, 29.91, 32.14, 49.12, 66.30, 124.05,
spectrometer operating at 500 MHz fét and 125 MHz for'3C, 128.51, 139.78, 149.97, 164.95, 173.23.
using TMS as the internal standard. IR spectra were recorded using Spectroscopic data fdr2; mp 97.2-98.0°C. IR (KBr, cnr?):
a JASCO FT/IR-680 spectrometer. The absorption and CD spectra3287 (/n-n), 1638 (amide 1), 1523 (amide [I}H NMR (CDClg,
were obtained in a 1.0 mm quartz cell using a JASCO V570 rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz, CH;, 3H), 1.22-1.38 (m,
spectrophotometer and a JASCO J820 spectropolarimeter, respec€H; and CH, 17H), 1.55-1.61 (m, CH, 2H), 3.44-3.48 (m, CH,
tively. Temperature was controlled with JASCO ETC-505 and CDF- 2H), 3.49-3.57 (m, CH, 2H), 4.34-4.39 (m, CH, 1H), 6.58 (d]
426 apparatuses for absorption and CD measurements, respectively= 7.5 Hz, NH, 1H), 7.93 (dJ = 8.0 Hz, aromatic, 2H), 8.28 (d,
The polymer concentration was calculated on the basis of the J = 8.0 Hz, aromatic, 2H)}**C NMR (CDCk, rt, 125 MHz): ¢
monomer units and was 0.2 mg/mL. SEC was performed using a 14.32, 17.99, 22.89, 26.41, 29.54, 29.67, 29.78, 29.81, 29.87, 32.11,
JASCO PU-2080 liquid chromatograph equipped with a-t\é 46.13, 71.75, 73.32, 123.97, 128.36, 140.68, 149.74, 164.98.

(JASCO UV-2070) and RI (JASCO RI-2031) detector. Two Tosoh
TSKgel Multipore Hq -M GPC columns (30 cm) were connected
in series, and THF containing 0.1 wt % tetrddutylammonium
bromide was used as the eluent at a flow rate of 0.8 mL/min. The
molecular weight calibration curve was obtained with standard
polystyrenes (Tosoh).

Materials. Anhydrous toluene, THF, Cgl CH,Cl,, CHCL,
benzene, ethyl acetate, and ethanol (water cont&0tppm) were
purchased from Wako (Osaka, Japan). Nickel(ll) chloride hexahy-
drate (NiCh-6H,0O) and palladium 10% activated carbon were
obtained from Aldrich. 4-Nitrobenzoic acitl,N'-dicyclohexylcar-
bodiimide (DCC), 1-hydroxybenzotriazole monohydrate (HOBL),
N,N'-dimethylacetamide (DMA), formic acid, acetic anhydride,
triphosgene, and triethylamine were purchased from Wako, Tokyo

Spectroscopic data fot3. Clear oil. IR (neat, cmt): 3294
(VN-n), 1742 pc—o ester), 1636 (amide 1), 1527 (amide M NMR
(CDCl;, rt, 500 MHz): ¢ 0.88 (t,J = 7.0 Hz, CH, 3H), 1.22-

1.36 (m, CH, 14H), 1.56-1.68 (m, CH, 2H), 3.20-3.26 (m, CH,

2H), 4.12-4.17 (m, CH, 2H), 5.00-5.05 (m, CH, 1H), 6.32 (dJ

= 7.0 Hz, NH, 1H), 7.2+7.33 (m, aromatic, 5H), 7.94 (d, =

8.0 Hz, aromatic, 2H), 8.25 (dl = 8.0 Hz, aromatic, 2H)3C
NMR (CDCls, rt, 125 MHz): 6 14.13, 21.60, 22.67, 25.84, 28.47,
29.20, 29.31, 29.52, 35.18, 38.07, 54.08, 65.91, 123.66, 127.18,
128.51, 128.61, 129.28, 136.08, 139.66, 150.69, 165.13, 171.55.

A Typical Procedure for Syntheses of 15, 16, and 1820.
Palladium-activated carbon (0.10 g) was added to a solutidh of
(0.70 g, 2.63 mmol) in ethanol (10 mL) and THF (10 mL). The
mixture was stirred at room temperature Tch under an atmosphere

Kasei (TCI, Tokyo, Japan), or Aldrich. These reagents were used of H,. After filtrating using celite, the solvent was removed under

without further purification.

Monomers3 and?7, poly-3 (poly-3a—poly-3d), and poly7 (poly-
7a—poly-7d) were prepared according to the previously reported
methods'® New optically active isocyanidesl,( 2, 4—6) were
prepared in the similar way as outlined in Scheme 2. The
polymerization was performed with Ni€6H,O as the catalyst in
different solvents at different temperatures (Scheme 1).

A Typical Procedure for Syntheses of 8, 9, and 1113.HOBt
(3.49 g, 22.8 mmol) and DCC (4.70 g, 22.8 mmol) were added to
a solution of 4-nitrobenzoic acid (3.81 g, 22.8 mmol) in dry DMA
(60 mL). After the reaction mixture was stirred at@© for 30 min
under Ar, theL-alanine ethyl ester (3.50 g, 22.8 mmol), which had
been prepared from-alanine and ethanol by the conventional
method¥ was added to the mixture. The dispersion solution was
stirred at room temperature for 15 h and then at 120for 5 h.
After filtration, the solvent was removed under reduced pressure.
The crude product was purified by silica gel chromatography with
CHCI; as the eluent and then recrystallized with hexasthyl
acetate (1:3, v/v) to giv8 as a white crystalline solid (4.13 g,
68%); mp 155.6-156.4°C. IR (KBr, cnrt): 3326 (n-p), 1692
(ve=o ester), 1626 (amide 1), 1541 (amide 114 NMR (CDCls,
rt, 500 MHz): ¢ 1.33 (t,J = 7.0 Hz, CH, 3H), 1.56 (d,J=7.0
Hz, CHs, 3H), 4.24-4.30 (m, CH, 2H), 4.76-4.81 (m, CH, 1H),
6.92 (d,J = 7.5 Hz, NH, 1H), 7.98 (dJ = 9.0 Hz, aromatic, 2H),
8.30 (d,J = 9.0 Hz, aromatic, 2H)}C NMR (CDCk, rt, 125

reduced pressure. The crude product was then purified by recrys-
tallization with hexane ethyl acetate (1:3, v/v) to givE5 as a white
crystalline solid (0.60 g, 97%); mp 164-465.1°C. IR (KBr,
cm™1): 3445 (n-p), 3340 fn—n), 1736 pc—o ester), 1630 (amide
1), 1531 (amide I11).\H NMR (CDCl;, rt, 500 MHz): 6 1.32 (t,J
= 7.0 Hz, CH, 3H), 1.50 (dJ = 7.0 Hz, CH, 3H), 3.97 (s, NH,
2H), 4.13-4.19 (m, CH, 2H), 4.74-4.80 (m, CH, 1H), 6.61 (d)
= 7.0 Hz, NH, 1H), 6.66 (dJ = 8.5 Hz, aromatic, 2H), 7.64 (d,
J = 8.5 Hz, aromatic, 2H)!3C NMR (CDCk, rt, 125 MHz): ¢
14.20, 18.63, 49.20, 62.41, 114.30, 123.80, 129.09, 149.93, 166.70,
173.70.16 and18—20 were also prepared in the same way in 89,
94, 91, and 85% vyield, respectively.
Spectroscopic data fdi6; mp 142.4-143.6°C. IR (KBr, cnm1):

3445 @n-p), 3330 f/n—n), 1739 @0 ester), 1630 (amide 1), 1531
(amide 11).*H NMR (CDCls, rt, 500 MHz): ¢ 0.89 (t,J = 7.0 Hz,
CHjs, 3H), 1.28-1.38 (m, CH, 6H), 1.50 (d,J = 7.0 Hz, CH,
3H), 1.63-1.69 (m, CH, 2H), 4.00 (s, NH, 2H), 4.13-4.21 (m,
CHy, 2H), 4.74-4.80 (m, CH, 1H), 6.60 (d) = 7.0 Hz, NH, 1H),
6.66 (d,J = 8.5 Hz, aromatic, 2H), 7.64 (d,= 8.5 Hz, aromatic,
2H). 13C NMR (CDCl, rt, 125 MHz): 6 14.19, 19.16, 22.72, 25.69,
28.71, 31.58, 48.65, 65.89, 114.41, 123.86, 129.07, 149.87, 166.71,
173.87.

Spectroscopic data fdi8; mp 125.1-125.7°C. IR (KBr, cnrY):

3449 (pn-p), 3344 n-n), 1736 fc—o ester), 1631 (amide 1), 1531

(amide 11).*H NMR (CDCl;, rt, 500 MHz): ¢ 0.88 (t,J = 7.0 Hz,
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CHa, 3H), 1.23-1.39 (m, CH, 22H), 1.50 (dJ = 7.0 Hz, CH, 3H), 1.62-1.69 (m, CH, 2H), 4.15-4.21 (m, CH, 2H), 4.73-
3H), 1.63-1.71 (m, CH, 2H), 3.98 (s, NH, 2H), 4.12-4.19 (m, 4.80 (m, CH, 1H), 6.766.78 (br, NH, 1H), 7.12 (dJ = 9.0 Hz,
CH,, 2H), 4.74-4.80 (m, CH, 1H), 6.60 (d] = 7.0 Hz, NH, 1H), Ho to NH in trans, 0.7H), 7.55 (s, HCO in trans, 0.35H), 7.63
6.66 (d,J = 8.5 Hz, aromatic, 2H), 7.64 (d,= 8.5 Hz, aromatic, (d,J=9.0Hz, H to NH in cis, 1.3H), 7.79 (d) = 9.0 Hz, H, to
2H).13C NMR (CDCB, rt, 125 MHz): 6 14.12, 18.96, 22.69, 25.82,  NH in cis, 1.3H), 7.82 (dJ = 9.0 Hz, H, to NH in trans, 0.7H),
28.54,29.21, 29.36, 29.56, 29.60, 29.64, 29.65, 29.67, 29.69, 31.93,7.89 (s, HCO in cis, 0.65H), 8.42 (d= 1.5 Hz, NH in cis, 0.65H),
48.42, 65.67, 114.11, 123.58, 128.84, 149.75, 166.47, 173.64.  8.80 (d,J = 11.5 Hz, NH in trans, 0.35H)}:3C NMR (CDC, rt,

Spectroscopic data fdr9; mp 57.6-58.0°C. IR (KBr, cnl): 125 MHz): § 14.12, 18.77, 22.69, 25.81, 28.53, 29.20, 29.36, 29.50,
3400 (n-H), 3289 (n—n), 1624 (amide 1), 1536 (amide II}H 29.56, 29.64, 29.65, 29.67, 29.69, 31.92, 48.63, 65.86, 117.67,
NMR (CDCls, rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz, CH;, 3H), 119.37, 128.26, 128.98, 139.96, 140.24, 158.88, 161.58, 165.96,
1.24-1.36 (m, CH and CH, 17H), 1.54-1.60 (m, CH, 2H), 166.17, 173.38.
3.44-3.48 (m, CH, 2H), 3.49-3.52 (m, CH, 2H), 4.18 (s, NH, Spectroscopic data f@6; mp 120.6-120.8°C. IR (KBr, cnrY):

2H), 4.31-4.34 (m, CH, 1H), 6.27 (d) = 7.5 Hz, NH, 1H), 6.65 3309 tn-n), 1722 pc—o ester), 1632 (amide 1), 1541 (amide II).
(d, J = 8.0 Hz, aromatic, 2H), 7.60 (d,= 8.0 Hz, aromatic, 2H). IH NMR (CDClg, rt, 500 MHz): 6 0.87 (t,J = 7.0 Hz, CH, 3H),
13C NMR (CDClh, rt, 125 MHz): ¢ 14.12, 17.99, 22.69, 26.20, 1.22-1.37 (m, CH and CH, 17H), 1.56-1.59 (m, CH, 2H),
29.34, 29.48, 29.57, 29.62, 29.64, 31.90, 45.14, 71.42, 73.59,3.43-3.48 (m, CH, 2H), 3.49-3.55 (m, CH, 2H), 4.32-4.35
114.13, 124.46, 128.63, 149.61, 166.54. (m, CH, 1H), 6.48 (dJ = 7.0 Hz, NH, 1H), 7.13 (dJ = 8.5 Hz,
Spectroscopic data f@0; mp 111.3-112.0°C. IR (KBr, cnmY): Ho to NH in trans, 0.7H), 7.64 (d) = 8.5 Hz, H, to NH in cis,
3446 (n-p), 3327 n-r), 1729 fc—o ester), 1631 (amide 1), 1532  1.3H), 7.72 (dJ = 8.5 Hz, H, to NH in cis, 1.3H), 7.77 (dJ =
(amide 11).*H NMR (CDCls, rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz, 8.5 Hz, Hy to NH in trans, 0.7H), 8.39 (s, HCO, 1H), 8.80 (b=
CHs, 3H), 1.23-1.33 (m, CH, 14H), 1.571.62 (m, CH, 2H), 11.0 Hz, NH, 1H)13C NMR (CDCE, rt, 125 MHz): 6 14.32, 18.09,
3.19-3.24 (m, CH, 2H), 3.48 (s, NH, 2H), 4.08-4.16 (m, CH, 22.88, 26.36, 29.52, 29.66, 29.78, 29.82, 29.87, 32.10, 45.76, 71.71,
2H), 5.02-5.07 (m, CH, 1H), 6.58 (d) = 7.5 Hz, NH, 1H), 6.71 73.56, 117.90, 119.65, 128.20, 128.96, 139.95, 140.34, 159.55,
(d, J = 8.5 Hz, aromatic, 2H), 7.2067.31 (m, aromatic, 5H), 7.57  162.11, 166.09, 166.50.
(d, = 8.5 Hz, aromatic, 2H):3C NMR (CDCl, rt, 125 MHz): 6 Spectroscopic data f&7; mp 123.3-124.6°C. IR (KBr, cnY):
14.13, 21.60, 22.68, 25.85, 28.46, 29.21, 29.30, 29.53, 35.23, 38.08, 3329 ¢/n—n), 1733 (c—o ester), 1634 (amide 1), 1513 (amide II).
53.50, 65.72, 114.92, 127.08, 128.53, 128.83, 129.42, 135.90,'H NMR (CDCls, rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz, CH, 3H),
136.11, 148.54, 166.53, 170.80. 1.22-1.34 (m, CH, 14H), 1.59-1.64 (m, CH, 2H), 3.22-3.29
A Typical Procedure for Syntheses of 22, 23, and 2527. After (m, CH, 2H), 4.09-4.17 (m, CH, 2H), 5.04-5.08 (m, CH, 1H),
a mixture of formic acid (0.479 mL, 12.7 mmol) and acetic 5.92 (d,J = 7.0 Hz, NH in trans, 0.5H), 6.54 (d,= 7.0 Hz, NH
anhydride (0.240 mL, 2.54 mmol) was stirred at room temperature in cis, 0.5H), 7.10 (dJ = 8.0 Hz, H, to NH in trans, 1H), 7.13
for 1 h under Ar,15 (0.60 g, 2.54 mmol) in dry ethyl acetate (20 (d, J = 8.0 Hz, H, to NH in cis, 1H), 7.26-7.32 (m, aromatic,
mL) was added to the mixture at°C. The dispersion was stirred  5H), 7.61 (d,J = 8.0 Hz, H, to NH in cis, 1H), 7.72 (dJ = 8.0
at 0°C for 30 min and then at room temperature for 30 min. To Hz, Hy, to NH in trans, 1H), 8.42 (s, HCO, 1H), 8.79 @= 11.5
the solution was added ethyl acetate (50 mL), and the mixture wasHz, NH, 1H).3C NMR (CDCk, rt, 125 MHz): 6 14.39, 22.95,
filtered. The filtrate was washed with,® (100 mL) and brine 23.48, 26.12, 28.71, 29.46, 29.57, 29.79, 32.15, 38.24, 53.40, 66.00,
(100 mL) and then dried over anhydrous MgS@fter the solvent 119.65, 127.36, 128.50, 128.86, 129.64, 136.13, 140.18, 159.08,
was removed under reduced pressure, the crude product was purified 65.88, 169.80, 172.02.
by SEC with CHC} as the eluent and then recrystallized with A Typical Procedure for Syntheses of 1, 2, and 46.
hexane-ethyl acetate (1:3, v/v) to giv@2 as a white crystalline Triethylamine (0.792 mL, 5.68 mmol) was added to a solution of
solid (0.497 g, 74%); mp 142:9143.7°C. IR (KBr, cnt): 3358 22 (750 mg, 2.84 mmol) in dry CkCl, (10 mL). After the reaction
(vN-n), 3307 ¢/n-n), 1737 pc—o eSter), 1634 (amide 1), 1534 (amide  mixture was stirred at OC for 10 min under Ar, a solution of
). *H NMR (CDCls, rt, 500 MHz): 6 1.33 (t,J = 7.0 Hz, CH, triphosgene (463 mg, 1.56 mmol) in GEl, (5 mL) was added
3H), 1.54 (d,J = 7.0 Hz, CH;, 3H), 4.24-4.28 (m, CH, 2H), dropwise to the mixture using a syringe. The dispersion was stirred
4.75-4.81 (m, CH, 1H), 6.74 (d) = 7.5 Hz, NH, 1H), 7.14 (dJ at room temperature for 1 h, and then £ (50 mL) was added.
=7.0Hz, H to NH in trans, 0.7H), 7.65 (d] = 7.0 Hz, H,to NH After filtration, the solution was washed with aqueous NaHCO
in cis, 1.3H), 7.81 (dJ = 7.0 Hz, H, to NH in cis, 1.3H), 7.81 (100 mL) and dried over anhydrous Mg&Orhe solvent was
(d,J=7.0 Hz, Hyto NH in trans, 0.7H), 8.44 (s, HCO, 1H), 8.82  removed under reduced pressure, and the crude product was purified
(d, 3 = 11.5 Hz, NH, 1H).13C NMR (CDCk, rt, 125 MHz): & by silica gel chromatography with CHEChs the eluent and then
14.16, 18.73, 48.61, 61.69, 117.70, 119.37, 128.28, 128.99, 139.89recrystallized with hexanreethyl acetate (1:1, v/v) to givé as a
158.81, 161.39, 165.92, 173.2ZB and25—27 were also prepared  white crystalline solid (510 mg, 73%); mp 806:80.9°C. IR (KB,
in the same way in 73, 70, 54, and 48% yield, respectively. cmY): 3294 fn-p), 2129 pc=n), 1740 pc—o ester), 1638 (amide
Spectroscopic data f@3; mp 134.5-134.9°C. IR (KBr, cnv1): 1), 1542 (amide I1).!H NMR (CDCl;, rt, 500 MHz): 6 1.30 (t,J
3355 ('n-—p), 3251 fn—n), 1747 fc—o ester), 1635 (amide 1), 1536 = 7.0 Hz, CH, 3H), 1.54 (d,J = 7.0 Hz, CH, 3H), 4.20-4.26
(amide 11).*H NMR (CDCls, rt, 500 MHz): 6 0.89 (t,J = 7.0 Hz, (m, CH,, 2H), 4.75-4.81 (m, CH, 1H), 6.76 (dJ = 6.5 Hz, NH,
CHgs, 3H), 1.271.41 (m, CH, 6H), 1.53 (d,J = 7.0 Hz, CH, 1H), 7.40 (d,J = 8.5 Hz, aromatic, 2H), 7.81 (dl = 8.5 Hz,
3H), 1.63-1.70 (m, CH, 2H), 4.13-4.22 (m, CH, 2H), 4.73- aromatic, 2H)13C NMR (CDCk, rt, 125 MHz): 6 14.16, 18.80,
4.79 (m, CH, 1H), 6.86 (d) = 7.0 Hz, NH in trans, 0.35H), 6.88  49.12, 61.99, 126.62, 128.60, 129.14, 135.01, 164.84, 166.94,
(d,J=7.0 Hz, NH in cis, 0.65H), 7.12 (d) = 8.5 Hz, H, to NH 173.01. Anal. Calcd (%) for 5H14NO5 (246.3): C, 63.40; H, 5.73;
in trans, 0.7H), 7.62 (d) = 8.5 Hz, H, to NH in cis, 1.3H), 7.76 N, 11.38. Found (%): C, 63.38; H, 5.55; N, 11.36]4%® +13.5
(d,J = 8.5 Hz, H, to NH in cis, 1.3H), 7.80 (dJ = 8.5 Hz, H, (c 0.3, CHC}). 2 and4—6 were also prepared in the same way in
to NH in trans, 0.7H), 8.09 (s, HCO in cis, 0.65H), 8.26 Jd+ 66, 71, 46, and 58% vyield, respectively.
9.5 Hz, HCO in trans, 0.35H), 8.40 (d,= 2.0 Hz, NH in cis, Spectroscopic data fd2; mp 82.0-82.6 °C. IR (KBr, cnl):
0.65H), 8.80 (d,J = 11.5 Hz, NH in trans, 0.35H)!3C NMR 3294 n-n), 2126 @c=n), 1742 fc—o ester), 1638 (amide [), 1542
(CDCl, rt, 125 MHz): 6 14.19, 18.81, 22.71, 25.68, 28.70, 31.56, (amide I).1H NMR (CDCls, rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz,
48.91, 66.04, 117.85, 119.64, 128.44, 129.17, 140.19, 140.43,CHjz, 3H), 1.24-1.38 (m, CH, 6H), 1.52 (d,J = 7.0 Hz, CH,

159.45, 162.05, 166.07, 166.46, 173.67. 3H), 1.62-1.70 (m, CH, 2H), 4.14-4.25 (m, CH, 2H), 4.73-

Spectroscopic data f@5; mp 129.5-130.1°C. IR (KBr, cnT): 4.80 (m, CH, 1H), 6.98 (d] = 7.0 Hz, NH, 1H), 7.41 (d) = 8.5

3355 (n-p), 3304 fn—p), 1742 fc—o ester), 1639 (amide 1), 1536  Hz, aromatic, 2H), 7.84 (d] = 8.5 Hz, aromatic, 2H)}*C NMR
(amide 11)."H NMR (CDCls, rt, 500 MHz): ¢ 0.88 (t,J = 7.0 Hz, (CDClg, rt, 125 MHz): 6 14.25, 18.83, 22.79, 26.04, 28.70, 32.12,

CHjs, 3H), 1.23-1.38 (m, CH, 22H), 1.53 (d,J = 7.5 Hz, CH, 49.21, 66.20, 126.65, 128.69, 129.30, 134.97, 165.10, 167.07,
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173.56. Anal. Calcd (%) for GH2,N,O3 (302.4): C, 67.53; H, 7.33;
N, 9.26. Found (%): C, 67.50; H, 7.09; N, 9.0%]}?° +14.6
(c 0.3, CHCY).

Spectroscopic data fef, mp 103.2-103.6°C. IR (KBr, cn1):
3294 n-n), 2129 fc=n), 1740 fc—o ester), 1638 (amide ), 1542
(amide 11).*H NMR (CDCls, rt, 500 MHz): 6 0.86 (t,J = 7.0 Hz,
CHjs, 3H), 1.24-1.35 (m, CH, 22H), 1.50 (d,J = 7.0 Hz, CH;,
3H), 1.62-1.68 (m, CH, 2H), 4.12-4.20 (m, CH, 2H), 4.73-
4.79 (m, CH, 1H), 6.95 (d) = 7.0 Hz, NH, 1H), 7.45 (d) = 8.5
Hz, aromatic, 2H), 7.76 (d] = 8.5 Hz, aromatic, 2H)!3C NMR

(CDCls, rt, 125 MHz): 6 14.30, 18.87, 22.89, 26.03, 28.72, 29.31,

Helix-Sense-Controlled Polymerization of Isocyanidel509

Spectroscopic data for polie. IR (KBr, cm™): 3271 (n-n),
1741 fc—o ester), 1637 (amide ), 1535 (amide IBH NMR
(CDCls, rt, 500 MHz): 6 1.26 (broad, Ckl 3H), 1.52 (broad, Ck
3H), 4.11 (broad, Ckl 2H), 4.43 (broad, CH, 1H), 4:97.9 (broad,
aromatic, 4H), 8.38.9 (broad, NH, 1H). ¢]p?® +377 € 0.1,
CHCly).

Spectroscopic data for polie. IR (KBr, cm™1): 3276 (n-p),
1742 (c—o ester), 1638 (amide 1), 1534 (amide IMH NMR
(CDCls, rt, 500 MHz): 6 1.25 (broad, Chk} 3H), 1.53 (broad, CH
3H), 4.12 (broad, CH 2H), 4.45 (broad, CH, 1H), 5:68.0 (broad,
aromatic, 4H), 8.139.1 (broad, NH, 1H). ¢]p?® +247 € 0.1,

29.35, 29.52, 29.48, 29.54, 29.61, 29.64, 29.66, 32.03, 48.91, 65.97 CHC). , N
126.68, 128.63, 129.27, 135.07, 165.14, 166.91, 173.50. Anal. Calcd _SpPectroscopic data for polid. IR (KBr, cm™): 3282 fn-r),

(%) for CusH3gN2O3 (414.6): C, 72.43; H, 9.24; N, 6.76. Found

(%): C, 72.26; H, 9.17; N, 6.770]p® +12.2 € 0.3, CHC}).

Spectroscopic data fds; mp 92.3-92.7 °C. IR (KBr, cnrl):
3298 (n_1), 2130 @c=n), 1632 (amide 1), 1540 (amide II}H
NMR (CDCls, rt, 500 MHz): 6 0.88 (t,J = 7.0 Hz, CH, 3H),
1.24-1.35 (m, CH and CH, 17H), 1.58-1.63 (m, CH, 2H),
3.41-3.46 (m, CH, 2H), 3.47-3.53 (m, CH, 2H), 4.30-4.38 (m,
CH, 1H), 6.73 (d,J = 7.0 Hz, NH, 1H), 7.42 (dJ) = 8.5 Hz,
aromatic, 2H), 7.82 (dJ = 8.5 Hz, aromatic, 2H)13C NMR

(CDCls, rt, 125 MHz): 6 14.27, 17.98, 22.90, 26.40, 29.25, 29.49,
29.75, 29.80, 29.84, 32.03, 45.81, 71.64, 73.62, 126.49, 128.60

129.03, 135.24, 165.26, 167.01. Anal. Calcd (%) forHz.N2O;

(344.5): C, 73.22; H,9.36; N, 8.13. Found (%): C, 73.22; H, 9.40;

N, 8.13. t]p? —7.46 € 0.3, CHC}).
Spectroscopic data foB. Brown oil. IR (neat, cm!): 3294

(vN-h), 2129 fc—n), 1738 pc—o ester), 1630 (amide 1), 1516 (amide

I). 'H NMR (CDCls, rt, 500 MHz): 6 0.87 (t,J = 7.0 Hz, CH,
3H), 1.24-1.35 (m, CH, 14H), 1.58-1.63 (m, CH, 2H), 3.26-
3.31 (m, CH, 2H), 4.1+-4.19 (m, CH, 2H), 4.98-5.07 (m, CH,
1H), 6.91 (d,J = 7.0 Hz, NH, 1H), 7.26-7.30 (m, aromatic, 5H),
7.37 (d,J = 8.5 Hz, aromatic, 2H), 7.75 (d,= 8.5 Hz, aromatic,
2H).13C NMR (CDCE, rt, 125 MHz): 6 14.29, 23.01, 23.50, 26.10,

1744 fc—o ester), 1636 (amide 1), 1535 (amide IBH NMR
(CDClg, rt, 500 MHz): ¢ 1.25 (broad, Chl 3H), 1.52 (broad, CH
3H), 4.11 (broad, CH 2H), 4.43 (broad, CH, 1H), 4:87.8 (broad,
aromatic, 4H), 8.39.0 (broad, NH, 1H). ¢]p*® —1180 ¢ 0.1,
CHCly).

Spectroscopic data for poBa. IR (KBr, cm™1): 3266 (n-p),
1741 @c—o ester), 1637 (amide 1), 1535 (amide IBH NMR
(CDCls, rt, 500 MHz): 6 0.83 (broad, Chkl 3H), 1.26 (broad, CH
6H), 1.57 (broad, Ckland CH, 5H), 4.05 (broad, CH 2H), 4.42
(broad, CH, 1H), 5.67.8 (broad, aromatic, 4H), 8-19.1 (broad,
NH, 1H). Anal. Calcd (%) for (H22N2O3)n: C, 67.53; H, 7.33;

'N, 9.26. Found (%): C, 67.55; H, 7.56; N, 9.18]§2 +1020

(c 0.1, CHCE).

Spectroscopic data for pob. IR (KBr, cm™1): 3277 @n-n),
1742 @c—o ester), 1637 (amide 1), 1535 (amide IBH NMR
(CDCls, rt, 500 MHz): 6 0.83 (broad, Chk} 3H), 1.25 (broad, CH
6H), 1.54 (broad, Ck 3H), 1.68 (broad, Ck 2H), 4.04 (broad,
CH,, 2H), 4.41 (broad, CH, 1H), 5:07.9 (broad, aromatic, 4H),
8.0-9.1 (broad, NH, 1H).{]p?®> +146 € 0.1, CHC}).

Spectroscopic data for poBe. IR (KBr, cm™): 3281 (n-n),
1742 (c—o ester), 1637 (amide I), 1535 (amide IR NMR
(CDCls, rt, 500 MHz): 6 0.83 (broad, Chk| 3H), 1.25 (broad, CH
6H), 1.53 (broad, Ck} 3H), 1.61 (broad, Ck 2H), 4.04 (broad,

28.95, 29.51, 29.59, 29.77, 32.01, 38.20, 53.47, 66.18, 119.68,CH,, 2H), 4.41 (broad, CH, 1H), 5:67.8 (broad, aromatic, 4H),
127.30, 128,57, 128.86, 129.61, 136.01, 139.40, 140.14, 165.64,8.0-9.0 (broad, NH, 1H).d]o? +55.3 € 0.1, CHCH).

169.81, 173.54. Anal. Calcd (%) for&34N,03 (434.6): C, 74.62;
H, 7.89; N, 6.45. Found (%): C, 74.60; H, 7.87; N, 6.2&]°
+43.1 € 0.3, CHC}).

Polymerization. Polymerization was carried out in a dry glass

ampule under a dry Natmosphere with NiGI6H,O as the catalyst
in a way similar to that previously report&&° A typical polym-
erization procedure is described below. Monorh€b0 mg, 0.20

Spectroscopic data for pod. IR (KBr, cm™1): 3272 (n-p),
1742 (c—o ester), 1637 (amide 1), 1535 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.83 (broad, Chkl 3H), 1.26 (broad, CH
6H), 1.55 (broad, Ckland CH, 5H), 4.06 (broad, Ck 2H), 4.48
(broad, CH, 1H), 5.67.9 (broad, aromatic, 4H), 8-19.0 (broad,
NH, 1H). [a]p?® —705 € 0.1, CHCE}).

Spectroscopic data for po3e IR (KBr, cm™): 3286 (/n—n),

mmol) was placed in a dry ampule, which was then evacuated on 1742 (c—o ester), 1637 (amide ), 1534 (amide IBH NMR

a vacuum line and flushed with dry,NAfter this evacuation

(CDCls, rt, 500 MHz): 6 0.88 (broad, Chkl 3H), 1.26 (broad, CH

flush procedure was repeated three times, a three-way stopcockl4H), 1.56 (broad, Ckland CH, 5H), 4.07 (broad, CH 2H), 4.47

was attached to the ampule, and dry £@Q10 mL) was added with
a syringe. To this was added a solution of Ni6H,O in dry ethanol

(broad, CH, 1H), 5.67.9 (broad, aromatic, 4H), 8-19.1 (broad,
NH, 1H). [a]p?® +60.8 € 0.1, CHC}).

(0.1 M, 0.02 mL) at room temperature. The concentrations of the ~ Spectroscopic data for po3f. IR (KBr, cm™): 3294 (n-n),
monomer and the Ni catalyst were 0.1 and 0.001 M, respectively. 1743 @c—o ester), 1637 (amide 1), 1534 (amide IfH NMR
After 1 day, the resulting polymer was precipitated into a large (CDCls, rt, 500 MHz): 6 0.87 (broad, CH 3H), 1.26 (broad, CH
amount of methanol, collected by centrifugation, and then dried in 14H), 1.55 (broad, CHand CH, 5H), 4.06 (broad, CH 2H), 4.46

vacuo at room temperaturerf@ h togive poly-la (45.1 mg, 90%).
IR (KBr, cm™1): 3278 (/n—p), 1740 fc—o ester), 1637 (amide 1),
1536 (amide 11).*H NMR (CDCls, rt, 500 MHz): ¢ 1.22 (broad,
CHjs, 3H), 1.53 (broad, Ck 3H), 4.11 (broad, CH 2H), 4.46
(broad, CH, 1H), 4.87.9 (broad, aromatic, 4H), 8-19.0 (broad,
NH, 1H). Anal. Calcd (%) for (GH14N203)n: C, 63.40; H, 5.73;
N, 11.38. Found (%): C, 63.42; H, 5.62; N, 11.28]4%> +680
(c 0.1, CHCB). In the same way, pola, poly-4a, poly-5a, and
poly-6a in CCl, at room temperature, polib, poly-2b, poly-4b,
poly-5b, and poly6b in toluene at room temperature, pdlg; poly-
2¢, poly-4c, poly-5¢, and poly6écin THF at room temperature, poly-
1d, poly-2d, poly-4d, poly-5d, and polyéd in toluene at 100C,
poly-3ein toluene at 50C, poly-3f in toluene at 75C, poly-3gin
benzene at room temperature, p8lyin CHCI; at room temper-

ature, and pol\3i in CH,Cl, at room temperature were prepared

(broad, CH, 1H), 5.67.8 (broad, aromatic, 4H), 8:19.0 (broad,
NH, 1H). [a]p?® —137 € 0.1, CHCE}).

Spectroscopic data for pog. IR (KBr, cm™): 3277 (n—n),
1742 (c—o ester), 1637 (amide 1), 1534 (amide IBH NMR
(CDClg, rt, 500 MHz): ¢ 0.87 (broad, Chl 3H), 1.25 (broad, CH
14H), 1.55 (broad, CH 3H), 1.65 (broad, CH 2H), 4.04 (broad,
CH,, 2H), 4.42 (broad, CH, 1H), 5:67.9 (broad, aromatic, 4H),
8.0-9.0 (broad, NH, 1H).{]p?®> +325 (€ 0.1, CHC}).

Spectroscopic data for po§h. IR (KBr, cm™1): 3274 @n-p),
1743 (c—o ester), 1636 (amide I), 1535 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.87 (broad, Ckl 3H), 1.26 (broad, CH
14H), 1.54 (broad, CH 3H), 1.64 (broad, CH 2H), 4.03 (broad,
CH,, 2H), 4.41 (broad, CH, 1H), 5:07.8 (broad, aromatic, 4H),
8.0-9.0 (broad, NH, 1H).{]p?®> +293 (c 0.1, CHC}).

Spectroscopic data for po3i: IR (KBr, cm2): 3277 @n-p),

in 83, 43, 72, 64, 80, 75, 65, 64, 70, 87, 80, 87, 87, 79, 72, 85, 77, 1743 rc—o ester), 1636 (amide 1), 1534 (amide IBH NMR

81, 80, 85, 78, 80, 88, and 92% yields, respectively.

(CDClg, rt, 500 MHz): ¢ 0.87 (broad, Chl 3H), 1.25 (broad, CH
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14H), 1.54 (broad, Ck 3H), 1.61 (broad, CH 2H), 4.04 (broad,
CH,, 2H), 4.41 (broad, CH, 1H), 5:07.8 (broad, aromatic, 4H),
8.0-9.0 (broad, NH, 1H).d]p?® +56.4 € 0.1, CHC}).
Spectroscopic data for pola. IR (KBr, cm™): 3268 ('n-n),
1743 (pc—o ester), 1636 (amide I), 1535 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.88 (broad, Chkl 3H), 1.26 (broad, CH
22H), 1.54 (broad, Cki 3H), 1.60 (broad, CH 2H), 4.04 (broad,
CH,, 2H), 4.43 (broad, CH, 1H), 5:07.9 (broad, aromatic, 4H),
8.0-9.0 (broad, NH, 1H). Anal. Calcd (%) for ggH3sN2Os)n: C,

72.43; H, 9.24; N, 6.76. Found (%): C, 72.43; H, 9.24; N, 6.66.

[a]p?® +671 € 0.1, CHCE).

Spectroscopic data for poKb. IR (KBr, cm™1): 3277 fn-p),
1743 (c—o ester), 1636 (amide 1), 1534 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.88 (broad, Chl 3H), 1.26 (broad, CH
22H), 1.57 (broad, Ckland CH, 5H), 4.04 (broad, CH 2H), 4.44
(broad, CH, 1H), 5.67.9 (broad, aromatic, 4H), 8-19.1 (broad,
NH, 1H). [a]p?® +155 (€ 0.1, CHC}).

Spectroscopic data for poKe. IR (KBr, cm™1): 3293 ('n-n),
1743 fc—o ester), 1637 (amide I), 1534 (amide IPH NMR
(CDClg, rt, 500 MHz): 6 0.88 (broad, Ch} 3H), 1.26 (broad, CH
22H), 1.55 (broad, Ck 3H), 1.68 (broad, CH 2H), 4.05 (broad,
CH,, 2H), 4.44 (broad, CH, 1H), 5:07.8 (broad, aromatic, 4H),
8.0-9.0 (broad, NH, 1H).d]p?® —326 (€ 0.1, CHCE}).

Spectroscopic data for poKd. IR (KBr, cm™1): 3282 fn-p),
1744 (c—o ester), 1636 (amide 1), 1535 (amide 1M NMR
(CDCls, rt, 500 MHz): 6 0.88 (broad, Chl 3H), 1.26 (broad, CH
22H), 1.60 (broad, Ckland CH, 5H), 4.04 (broad, CH 2H), 4.42
(broad, CH, 1H), 5.67.9 (broad, aromatic, 4H), 8-19.1 (broad,
NH, 1H). [a]p?® —420 (€ 0.1, CHC}).

Spectroscopic data for polya. IR (KBr, cm™): 3297 (n-n),
1631 (amide ), 1536 (amide II}H NMR (CDCls, rt, 500 MHz):
0 0.87 (broad, Chl 3H), 1.26 (broad, Ck 14H), 1.54 (broad, Ckl
3H), 1.69 (broad, CH 2H), 3.44 (broad, Ch 4H), 4.41 (broad,
CH, 1H), 4.9-7.9 (broad, aromatic, 4H), 8-(8.9 (broad, NH, 1H).
Anal. Calcd (%) for (GiH3:N202),: C, 73.22; H, 9.36; N, 8.13.
Found (%): C, 73.23; H, 9.45; N, 7.9%]p?> —177 € 0.1, CHC}).

Spectroscopic data for polb. IR (KBr, cm™1): 3301 (n—p),
1636 (amide 1), 1541 (amide II}H NMR (CDCls, rt, 500 MHz):
0 0.87 (broad, Chl 3H), 1.26 (broad, Ck 14H), 1.53 (broad, Ckl
3H), 1.58 (broad, Ck 2H), 3.42 (broad, Ch 4H), 4.20 (broad,
CH, 1H), 4.7-7.8 (broad, aromatic, 4H), 7=8.9 (broad, NH, 1H).
[a]p?® =107 € 0.1, CHC}).

Spectroscopic data for pole. IR (KBr, cm™1): 3297 @n-p),
1636 (amide 1), 1535 (amide II}H NMR (CDCls, rt, 500 MHz):
0 0.86 (broad, Chl 3H), 1.25 (broad, CH 14H), 1.50 (broad, CH
and CH, 5H), 3.42 (broad, CH 4H), 4.20 (broad, CH, 1H), 48
7.8 (broad, aromatic, 4H), 8:@8.9 (broad, NH, 1H).4¢]p%® —64.2
(c 0.1, CHCY).

Spectroscopic data for pold. IR (KBr, cm™1): 3290 (n-p),
1632 (amide 1), 1535 (amide II}H NMR (CDCl;, rt, 500 MHz):
0 0.86 (broad, Chkl 3H), 1.26 (broad, Ck 14H), 1.50 (broad, Cl
3H), 1.77 (broad, Ck 2H), 3.42 (broad, CH 4H), 4.22 (broad,
CH, 1H), 4.9-7.9 (broad, aromatic, 4H), 8-(8.9 (broad, NH, 1H).
[a]p?® =273 (€ 0.1, CHC}).

Spectroscopic data for polga. IR (KBr, cm™): 3276 (¢'n-n),
1742 (c—o ester), 1637 (amide 1), 1534 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.88 (broad, Chl 3H), 1.26 (broad, CH
14H), 1.56 (broad, CH 2H), 3.32 (broad, Ck 2H), 3.96 (broad,
CHa, 2H), 4.94 (broad, CH, 1H), 5:28.0 (broad, aromatic, 9H),
8.4—9.3 (broad, NH, 1H). Anal. Calcd (%) for (&H3sN.03),: C,

74.62; H, 7.89; N, 6.45. Found (%): C, 74.63; H, 7.97; N, 6.40.

[a]p?® +439 € 0.1, CHC}).

Spectroscopic data for pogb. IR (KBr, cm™1): 3276 @n-p),
1743 @pc—o ester), 1637 (amide 1), 1534 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.87 (broad, Chkl 3H), 1.26 (broad, CH
14H), 1.60 (broad, CH 2H), 3.32 (broad, CH 2H), 3.95 (broad,
CH,, 2H), 4.94 (broad, CH, 1H), 5:28.3 (broad, aromatic, 9H),
8.4-9.3 (broad, NH, 1H).d]p?® +390 (€ 0.1, CHC}).

Spectroscopic data for poe. IR (KBr, cm™1): 3278 (n-p),
1743 (c—o ester), 1638 (amide 1), 1534 (amide I NMR
(CDClg, rt, 500 MHz): 6 0.87 (broad, Chl 3H), 1.26 (broad, CH

Macromolecules, Vol. 41, No. 5, 2008

14H), 1.57 (broad, CH 2H), 3.34 (broad, CH 2H), 3.96 (broad,
CH,, 2H), 4.94 (broad, CH, 1H), 5:28.0 (broad, aromatic, 9H),
8.4—9.4 (broad, NH, 1H).{]p?®> +364 (€ 0.1, CHC}).

Spectroscopic data for pod. IR (KBr, cm™1): 3275 (n-p),
1743 (c—o ester), 1637 (amide 1), 1534 (amide I NMR
(CDCls, rt, 500 MHz): 6 0.88 (broad, Chkl 3H), 1.26 (broad, CH
14H), 1.56 (broad, CH 2H), 3.33 (broad, CH 2H), 3.96 (broad,
CH,, 2H), 4.93 (broad, CH, 1H), 5:27.6 (broad, aromatic, 9H),
8.2-9.3 (broad, NH, 1H).{]p?®> +688 ( 0.1, CHC}).

Supporting Information Available: FT-IR data of polyl—
poly-7, *H NMR and IR spectra 08 in various solvents, plots of
the Ae;4 values of poly3b, poly-3c, poly-3g, and poly3i vs the
chemical shift of the amide proton resonance8 ahd the amide
Il band of 3 in various solvents, plots of molar rotation vs molar
ellipticity at the first Cotton effect of poly—poly-7, CD and
absorption spectra of poly—poly-4, and CD intensity changes of
poly-3a and poly3d with time in toluene at 100°C. This
information is available free of charge via the Internet at http:/
pubs.acs.org.
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