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ABSTRACT: The optically active poly(N-acyl-1-alkylethylenimines) have been synthesized from the
corresponding 2-oxazolines by ring-opening polymerization. The model compounds, from monomers through
tetramers, have also been prepared. Comparative circular dichroism (CD) studies of these polymers and
model compounds indicate that polymers and tetrameric model compounds have the same conformations
as established from our molecular mechanics calculations.

Introduction
Optically active polyoxazolines represent a new class of

mimetic structures of proteins. Since Bergmann! first
reported 2-oxazoline derivative (1a) in 1923, the prepa-
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ration, purification and polymerization of 2-ozazolines
have been challenging problems. Before the pioneering
works of Witte? and Saegusa’ in the early 1970s, the
preparation of oxazolines required either highly acidic* or
basic® conditions which were not suitable for the prepa-
ration of optically active oxazolines. Although 2-oxazolines
were prepared with mild conditions using a zinc? or silver?
catalyst, the purification was difficult, yet critical for the
polymerization. There are many optically active oxazo-
lines known.68 However, poly(N-formyl-1-methylethyl-
enimine)®7 (2) is the only known optically active polyox-
azoline, and the efforts aimed at elucidating the polymer
conformations have not been fruitful. In ourlaboratories,
molecular mechanics calculations were carried out for poly-
(N-acetyl-1-methylethylenimine) (n = 20) and its model
compounds, monomer through tetramer.® The calculated
structures of the polymer and tetramer are the same left-
handed helices containing 14 residues/three turns with
theidentity period of 17.8 A% (Figure 1). Inordertostudy
the structural properties of these new polymers, we have
synthesized various optically active analogs of poly(N-
acyl-1-methylethylenimine) and poly(N-acyl-1-benzyl-
ethylenimine) and their model compounds from monomers
to tetramers. In this paper, we report the syntheses of
2-oxazolines and their polymerization. We also report on
the preparation of corresponding model compounds. In
addition, this paper contains circular dichroism (CD)
spectraand a discuseion of the conformational information
for the polymer structures and their model compounds.
The conformational studies of those polymers and model
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Figure 1. Preferred structure of poly(N-acetyl-1-methylethyl-
enimine) (n = 20) established by conformational energy mini-
mizations. The structure of the polymer is defined by a 14/3
left-handed helix with the identity period of 17.8 A.

compounds using NMR are currently ongoing in our
laboratories.

Experimental Section

Conformational Energy Calculations. Molecular mechan-
ics calculations were carried out for poly(N-acetyl-1-methyleth-
ylenimine) and the monomer to tetramer model compounds
employing the Discover force field program.!! Conventional
values of the bond lengths and bond angles were taken from the
crystallographic data reported on ethylidene-N,N’-diacetamide!?
and the electron diffraction data reported on ethylenediamine!?
for the initiation of the iterative geometry optimization. Con-
formational energies were estimated as the sum of the nonbonded
van der Waals interactions, the intrinsic torsional potentials,
and the energy of deformation of bond lengths and bond angles.
Parameters required for the description of the torsional potentials
for the internal bond rotation are provided in the Discover
program and used without modification. Various force constants
defined in the valence force field scheme were also adopted as
specified in the program.

Synthesis. 4-Methyl-2-oxazoline (1b). Toamixture of (S)-
2-amino-1-propanol (7.5 g, 0.1 mol) and tert-butyl isocyanide
(8.3g,0.1 mol) was added silver cyanide (0.67 g, 0.005 mol) under
N;. The resulting mixture was heated at 90 °C for 15 h and
fractionally distilled. After collection of product containing
portions, the mixtures were redistilled under reduced pressure
with ion-exchange resin (Amberlite IRC-50) to remove small
amounts of unreacted starting material and tert-butylamine as
byproducts. Thedistillations were repeated until pure 4-methyl-
2-oxazoline (1b) was obtained: yield 4.0 g (47%); 'H NMR
(CDCly) 6 1.26 (d, J = 6.5 Hz, 3 H, CHy), 3.72 (dd, J = 8.5, 8.5
Hz,1H,CHH), 4.14 (m, 1 H, CHCH}), 4.28 (dd, J = 8.5, 8.5 Hz,
1 H, CHH), 6.76 (s, 1 H, N=CH) ppm; [a]%p -148° (¢ = 1.0,
EtOH); MS (+FAB) 86 ([M + 1]*, M = C,H;NO).

Anal. Caled for CH,NO: C, 56.45; H, 8.29; N, 16.46. Found:
C, 56.17; H, 8.52; N, 16.29.

4-Benzyl-2-oxazoline (1d). To a mixture of (S)-2-amino-
3-phenyl-1-propanol (7.6 g, 50 mmol) and tert-butyl isocyanide
(4.15 g, 50 mmol) was added silver cyanide (0.34 g, 2.5 mmol)
under N,. The resulting mixture was heated at 90 °C for 15 h
and fractionally distilled. After collection of product-containing
fractions, the mixture was redistilled under reduced pressure
with ion-exchange resin (Amberlite IRC-50) to remove small
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amounts of unreacted starting material and tert-butylamine
byproduct. The distillations were repeated until pure 4-benzyl-
2-oxazoline (1d) was obtained: yield 4.6 g (67%); 'H NMR
(CDCly) 6 2.68 (dd, J = 6.5, 13.2 Hz, 1 H, CHHPh), 3.09 (dd, J
= 6.5, 13.2 Hz, 1 H, CHHPh), 3.91 (dd, J = 8.7, 8.7 Hz, 1 H,
CHHO), 4.16 (dd, J = 8.7, 8.7 Hz, 1 H, CHHO), 4.39 (m, 1 H,
NCHCHjy), 6.80 (s, 1 H, N=CH), 7.17-7.38 (m, 5 H, C¢H;) ppm;
[a]%p +74.4° (¢ = 1.0, EtOH); MS (+FAB) 162 ((M + 1]*,M =
C1cH1uNO).

Anal. Caled for C;0H;;NO: C, 74.51; H, 6.88; N, 8.69. Found:
C, 74.17; H, 7.06; N, 8.54,

N.(2-Hydroxy-1-methylethyl)acetamide (10a). Acetic an-
hydride (30 mL) was added dropwise to (S)-2-amino-1-propanol
(7.5 g, 0.1 mol) at 0 °C. The mixture was warmed to room
temperature and stirred for 2 h. After evaporation of the excess
acetic anhydride, the title compound 10a was recrystallized
(methanol-ether): yield 11.1 g (35%); R; 0.20 (10% methanol-
chloroform); 'H NMR (CDCl,) 6 1.21 (d, J = 6.7 Hz, 3 H, CH,-
CH), 2.04 (s, 3 H, CH;,C=0), 3.58 (m, 1 H, CHHOH), 3.72 (m,
1 H, CHHOH), 4.10 (m, 1 H, CHCHjy), 5.43 (br s, 1 H, OH), 6.38
(br 5, 1 H, NH) ppm.

N-(2-Hydroxy-1-benzylethyl)acetamide (10b). (S)-2-Ami-
no-3-phenyl-1-propanol (7.6 g, 50 mmol) was acetylated by the
method described above to give compound 10b: yield 8.55 g
(88%); Ry 0.55 (10% methanol-chloroform); 'H NMR (CDCly)
5 1.97 (s, 3 H, CHy), 2.87 (d, J = 6.9 Hz, 2 H, CH,Ph), 3.18 (br
8,1 H, OH), 3.59 (m, 1 H, CHHOH), 3.66 (m, 1 H, CHHOH), 4.19
(m,1H, CH),6.17 (brs, 1 H,NH), 7.20-7.36 (m, 5 H, C¢H;) ppm.

N-(2-Chloro-1-methylethyl)acetamide (11a). Toasolution
of N-(2-hydroxy-1-methylethyl)acetamide (10a) (10 g, 85.5 mmol)
in N,N-dimethylformamide (DMF, 20 mL) was added thionyl
chloride (6.24 mL, 85.5 mmol) dropwise at 0 °C. The resulting
mixture was heated at 40-45 °C for 30 min and distilled under
reduced pressure to give the titled compound 11a as a colorless
oil: yield 6.48 g (56%); R;0.39 (10% methanol-chloroform); H
NMR (CDCl;) 6 1.25 (d, J = 6.7 Hz, 3 H, CH;CH), 2.03 (s, 3 H,
CH3;C=0), 3.58 (m, 1 H, CHHCI), 3.70 (m, 1 H, CHHCI), 4.37
(m, 1 H, CHCHj3), 6.05 (br s, 1 H, NH) ppm.

N-(2-Chloro-1-benzylethyl)acetamide (11b). N-(2-Hydroxy-
1-benzylethyl)acetamide (10b) (8.0 g, 41.4 mmol) was chlorinated
by the method described above to give compound 11b as an oil:
yield 5.52g (63%); R;0.74 (10% methanol-chloroform); 'H NMR
(CDCly) 6 2.01 (s, 3 H, CH;,C=0), 2.80 (d, J = 6.8 Hz, 2 H, CH,-
Ph), 3.56 (m, 1 H, CHHC)), 3.71 (m, 1 H, CHHCl), 4.23 (m, 1 H,
CH), 6.09 (br s, 1 H, NH), 7.18-7.36 (m, 5 H, C¢H;) ppm.

2,4-Dimethyl-2-oxazoline (1¢). N-(2-chloro-1-methylethyl)-
acetamide (11a) (5.5 g, 40.6 mmol) was added dropwise to astirred
suspension of sodium hydride (0.97 g, 40.6 mmol) in dry 1-methyl-
2-pyrrolidinone (15 mL) under N, cooled in an ice bath. After
the addition was completed, the mixture was distilled under
reduced pressure and the product 1¢ was collected ina trap cooled
at-78 °C: yield 2.6 g (656%); 'H NMR (CDCl;) 6 1.22 (d,J = 6.6
Hz, 3 H, CH;CH), 1.95 (s, 3 H, CH;C=N), 3.73 (dd, J = 8.7, 8.7
Hz, 1 H, CHH), 4.10 (m, 1 H, CHCHj,), 4.31 (dd, J = 8.7, 8.7 Hz,
1 H, CHH) ppm; [a]®p -130.4° (c = 2.4, MeOH); MS (+FAB)
100 ([M + 1]"', M= C5H9NO).

Anal. Caled for CsHoNO: C, 60.05; H, 9.15; N, 14.13. Found:
C, 59.88; H, 9.49; N, 14.47.

4-Benzyl-2-methyl-2-oxazoline (1e). Thecompound le was
obtained by the same method described above using N-(2-chloro-
1-benzylethyl)acetamide (11b) (5.0 g, 23.6 mmol) and sodium
hydride (0.57 g, 23.6 mmol): yield 2.86 g (69% ); 'H NMR (CDCl,)
$1.97 (s, 1 H, CH3C==N) 2.64 (dd, J = 6.7,13.8 Hz, 1 H, CHHP),
3.09 (dd, J = 6.7, 13.8 Hz, 1 H, CHHPh), 3.93 (dd, J = 8.7, 8.7
Hz,1H,CHHO), 4.17 (dd, J = 8.7,8.7 Hz, 1 H, CHHO), 4.36 (m,
1 H, CH), 7.19-7.32 (m, 5 H, CsHs) ppm; [«]?p —66.7° (¢ = 1.0,
MeOH); MS (+FAB) 176 ([M + 1]*, M = C;;H;3NO).

Anal. Caled for C;1H3sNO: C, 75.40; H, 7.48; N, 7.99. Found:
C, 76.52; H, 7.26; N, 8.05.

Poly(N-formyl-1-methylethylenimine) (2). A mixture of
4-methyl-2-oxazolines (1b) (2.0 g, 23.5 mmol) and methyl
p-toluenesulfonate (53 uL, 0.35 mmol, 0.015 equiv) was heated
at 120 °C for 3 days in a sealed tube. As the polymerization
progressed, the polymer layer, as a glasslike semisolid, grew from
the bottom of the sealed tube. After the polymerization was
finished, a small amount of methanol (3 mL) was added and the
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polymer precipitated as a white solid with the addition of ether.
The degree of polymerization was about 60 on the basis of the
IH NMR integration: yield 1.76 g (88%); 7gp;c 0.22 (1.0 g/dL in
water); 'H NMR (CDCl;) § 1.22-1.43 (m, 3 H, CH;), 3.11-4.32 (m,
3 H, CHCH,), 7.20 (d, J = 6.5 Hz, 0.03 H, }/,C¢H,), 7.73 (d, J =
6.5 Hz, 0.03 H, 1/,C¢H,), 7.80-8.25 (br m, 1 H, C(O)H) ppm;
[a]%p + 130° (¢ = 1.0, MeOH).

Poly(N-formyl-1-benzylethylenimine) (4). The polymer-
ization of 4-benzyl-2-oxazoline (1d) (2.0 g, 12.4 mmol) was
conducted by the method described above using methyl p-tol-
uenesulfonate (17.0 uL, 0.11 mmol, 0.009 equiv) as an initiator.
The degree of polymerization was about 100 on the basis of the
'H NMR integration: yield 1.71 g (85%); nep/c 0.40 (1.0 g/dL in
DMF); 'H NMR (CDCly) é 2.46-4.21 (m, 5 H, CH(CHy),), 6.71-
7.40 (m, 5 H, C5H5), 7.70 (d, J=6.5 HZ, 0.02 H, 1/2CQH4), 7.81~
8.25 (m, 1 H, C(O)H) ppm; [«]%p +16.5° (¢ = 1.0, CFsCH,0H).

Poly(N-acetyl-1-methylethylenimine) (3). The polymer-
ization of 2,4-dimethyl-2-oxazoline (l¢) (2.0 g, 20 mmol) was
conducted by the method described above using methyl p-tol-
uenesulfonate (20 uL, 0.13 mmol, 0.0067 equiv) as an initiator.
The degree of polymerization was about 150 on the basis of the
'H NMR integration: yield 1.83 g (92%); nsp/c 0.44 (1.0 g/dL in
water); TH NMR (CDCl;) 6 1.12-1.48 (m, 3H, CHCHj), 1.95-2.34
(m, 3 H, C(O)CH3), 2.93-4.65 (m, 3 H, CHCH,), 7.17 (d, J = 6.5
Hz,0.013 H, }/,C¢Hy), 7.72 (d, J = 6.5 Hz, 0.013 H, 1/,C¢H,) ppm;
[a]%p +139.5° (¢ = 1.4, MeOH).

Poly(N-acetyl-1-benzylethylenimine) (5). The polymer-
ization of 4-benzyl-2-methyl-2-oxazoline (le) (2.0 g, 11.4 mmol)
was conducted by the method described above using methyl
p-toluenesulfonate (35 uL, 0.23 mmol, 0.02 equiv) as an initiator.
The degree of polymerization was about 50 on the basis of the
'H NMR integration: yield 1.69 (84%); np,c 0.19 (1.0 g/dL in
DMF); 'H NMR (CDCly) é 1.95-3.92 (m, 8 H, CH(CH;); and
CHy), 6.71-7.40 (m, 5 H, C¢H5), 7.74 (d, 0.04 H, 1/,CcH,) ppm;
[«)?p -22.7° (¢ = 1.0, CF3CH.0OH).

N-(2-Butyl)acetamide (12b). Acetic anhydride (5 mL) was
added dropwise to (S)-2-butylamine (0.5 g, 6.84 mmol) at 0 °C.
The mixture was warmed to room temperature and stirred for
30 min. After evaporation of the excess acetic anhydride, the
residue was purified by flash column chromatography: yield 756
mg (96% ); R;0.36 (3% methanol-chloroform); 'H NMR (CDCls)
5089 (t,J = 7.0 Hz, 3 H, CH,CH3), 1.13 (d, J = 7.0 Hz, 3 H,
CHCHj), 1.44 (m, 2 H, CH>), 1.98 (s, 3 H, C(O)CH3), 3.92 (m, 1
H, CH), 5.58 (br s, 1 H, NH) ppm.

N-(2-Butyl)formamide (12a). A mixtureofaceticanhydride
(2.5 mL) and formic acid (2.5 mL) was added dropwise to (S)-
2-butylamine (0.5g,6.84 mmol) at 0 °C. The mixture was warmed
to room temperature and stirred for 30 min. After removal of
the solvent, the residue was purified by column chromatogra-
phy: yield 600 mg (87%); R;0.29 (3% methanol-chloroform); 'H
NMR (CDCly) 6 0.92 (t,J = 7.0 Hz, 3 H, CH,CH3), 1.19 (d, J =
7.0 Hz, 3 H, CHCHy), 1.40 (m, 2 H, CH,), 3.76 (m, 1 H, CHCHj),
5.95 (br s, 1 H, NH), 8.03 (s, 1 H, C(O)H) ppm.

N-(2-Butyl)-N-methylacetamide (6b). N-(2-Butyl)aceta-
mide (12b) (700 mg, 6.08 mmol) was dissolved in THF (5 mL),
and the solution was cooled to 0 °C under N.. After cessation
of the bubbling that was caused by the addition of sodium hydride
(150 mg, 6.25 mmol), iodomethane (3.0 mL, 48.2 mmol) was added
slowly to the suspension. The reaction mixture was stirred for
24 h. After addition of water (0.5 mL), the solid material was
removed by filtration through a Celite bed. The solvent was
removed and the oily residue was partitioned between ether (10
mL) and water (20mL). The ether layer was washed with aqueous
NaHCOjsolution. The combined aqueous extracts were acidified
to pH 2 with 6 N aqueous HCI solution at 0 °C. The product
was extracted with ethyl acetate (3 X 10 mL). The organic layer
was washed with saturated aqueous NaCl solution (2 X 10 mL),
5% aqueous Na,S,03solution, (3 X 10mL), and saturated aqueous
NaCl solution (2 X 10 mL). This solution was dried over Na,-
SO, and the solvent was evaporated to give a pale yellow oil.
This oily product was purified by column chromatography to
give a 1:2 mixture of cis and trens isomers of 6b: yield 487 mg
(62%); R;0.56 (3% methanol-chloroform); 'H NMR for cisisomer
of 6b ((CF3),CDOD) 5 0.86 (t,J = 6.9 Hz, 3 H, CH,CHj), 1.24 (d,
J=17.0Hz,3H,CHCH,), 1.54 (m, 2 H, CH,), 2.14 (s, 3 H, CH,C-
(0)), 2.88 (s, 3 H, CH3N), 4.55 (m, 1 H, CH) ppm. 'H NMR for
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trans isomer of 6b ((CF3),CDOD): 4 0.90 (t, J = 6.9 Hz, 3 H,
CH:CH;), 1.13 (d, J = 7.0 Hz, 3 H, CHCH3), 1.62 (m, 2 H, CH,),
2.18 (s, 3 H, CH3C(0)), 2.82 (s, 3 H, CH;N), 3.84 (m, 1 H, CH)
ppm. The 'H NMR assignments were confirmed by the
corresponding COSY experiment. MS (+FAB) 130 ({(M + 1]+,
M= C7H15NO).

Anal. Caled for C:H;sNO: C, 65.07; H, 11.70; N, 10.84.
Found: C, 65.35; H, 11.62; N, 10.86.

N-(2-Butyl)-N-methylformamide (6a). N-(2-Butyl)forma-
mide (12a) (500 mg, 4.94 mmol) was methylated by the method
described above. The residue was purified by column chroma-
tography to give a 1:4 mixture of cis and trans isomers of 6a:
yield 336 mg (59 % ); R;0.49 (3% methanol-chloroform); 'H NMR
for cis isomer of 6a ((CF;);CDOD) 6 0.90 (t, J = 6.9 Hz, 3 H,
CHgCHa), 1.20 (d, J=17.0 HZ, 3 H, CHCH;;), 1.64 (m, 2 H, CHQ),
2.90 (s, 3 H, CH;N), 4.40 (m, 1 H, CH), 7.94 (s, 1 H, C(O)H) ppm.
'H NMR for trans isomer of 6a ((CF3);CDOD): 0.90 (t,J = 6.9
Hz, 3 H, CH,CH,), 1.30 (d, J = 7.0 Hz, 3 H, CHCH,), 1.64 (m,
2 H, CH,), 2.82 (s, 3 H, CH;N), 3.45 (m, 1 H, CH), 7.98 (5, 1 H,
C(O)H) ppm. The 'H NMR assignments were confirmed by the
corresponding COSY experiment. MS (+FAB) 116 ([M + 1]*,
M = CgH;3NO).

Anal. Caled for CgH;sNO: C, 62.57; H, 11.37; N, 12.18.
Found: C, 62.86; H, 11.04, N, 11.99.

Boc(NMe)AlaOH (13a). The methylation of BocAlaOH (1.25
g, 6.6 mmol) was carried out by the method described above. The
oily residue was purified by flash column chromatography to
give the title compound 13a: yield 0.82 g (61%); R; 0.51
(chloroform-methanol-acetic acid 85:10:5); mp 91-92 °C; 'H
NMR (CDCls) & 1.44 (d, 3H, CHCHjy), 1.47 (s, 9 H, C(CHy)s), 2.86
(s, 3 H, NCH5), 4.48 (m, 0.32 H, cis-CH), 4.80 (m, 0.68 H, trans-
CH) ppm.

Boc(NMe)PheOH (13b). The title compound was obtained
by the method described above, employing BocPheOH (2.0 g,
7.54 mmol), NaH (181 mg, 7.54 mmol), and iodomethane (3.75
mL, 60.3 mmol). The oily residue was purified by flash column
chromatography: yield 1.37 g (656%); R; 0.88 (chloroform-
methanol-acetic acid 85:10:5); TH NMR (CDCl,) 4 1.33 (s, 4.27
H, cis-C(CHaj)s), 1.40 (s, 4.73 H, trans-C(CHa)s), 2.68 (s, 1.42 H,
cis-NCHy), 2.76 (s, 1.58 H, trans-NCHj), 3.10 and 3.32 (2 m, 2
H, cis- and trans-CH,), 4.64 (m, 0.47 H, cis-CH), 4.80 (m, 0.53
H, trans-CH) ppm.

General Procedure for the Peptide Bond Coupling Re-
action with EDC. A solution of an amino terminal protected
and a carboxyl terminal protected aminoacid or peptide fragment
in DMF (0.1-1.0 M) was cooled to —-10 °C. 1-Hydroxybenzo-
triazole (HOBt, 1.2 equiv) and 1-ethyl-3-(3-(dimethylamino)-
propyl)carbodiimide hydrochloride (EDC, 1.3 equiv) were added,
and the pH of the reaction mixture was adjusted to 7 with
4-methylmorpholine. Stirring was continued for 1 h at -10 °C
and 2 h or longer at room temperature. After completion of the
reaction and checked by TLC, solvent was removed under reduced
pressure. The residue was dissolved in chloroform and succes-
sively washed with saturated aqueous NaHCO; solution (two or
three times), saturated aqueous NaCl solution, 0.5 N aqueous
HCl solution or 5% aqueous citric acid solution, and saturated
aqueous NaCl solution. The volume of each washing solution
was approximately !/1oth of the volume of the chloroform layer.
After the washed organic layer was dried over MgSQy, the solvent
was removed under reduced pressure to give an oil or powder.
This crude product was recrystallized (ethyl acetate—hexane) or
purified by flash column chromatography to obtain pure product.

General Procedure for Deprotection of the tert-Butyl-
oxycarbonyl (Boc) Group. A Boc-protected amino acid or
peptide fragment was dissolved in dichloromethane and triflu-
oroacetic acid (1:1 v/v) while the temperature was maintained at
0 °C with an ice bath. The volume of trifluoroacetic acid
corresponded to 20-30 equiv of the starting materials. After
stirring for 10 min, the ice bath was removed and stirring was
continued at room temperature until all the starting material
was consumed. Dichloromethane and trifluoroacetic acid were
removed under reduced pressure. The residue was recrystallized
(methanol~ether) to give the TFA salt of the amino acid terminal
deprotected peptide.

Boc(NMe)AlaNHCH(CH,); (14a). The coupling between
Boce(NMe)AlaOH (2.0 g, 9.84 mmol) and 2-propylamine (870 mg,
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14.71 mmol) was achieved by the method described in the general
coupling procedure employing HOBt (1.60 g, 11.84 mmol) and
EDC (2.45 g, 12.78 mmol). The crude material was purified by
flash column chromatography using methanol and chloroform
as an eluent to give pure title compound: yield 2.26 g (94%); R,
0.33 (6% methanol-chloroform); tH NMR (CDCls) 6 1.14 (2 d,
J = 6.7 Hz, 6 H, CH(CH3)y), 1.36 (d, J = 6.8 Hz, 3 H, CHCH),
1.47 (s,9H, C(CHj)s), 2.78 (8,3 H, NCHj), 4.06 (m, 1 H, CH(CHj3),),
4.60 (q, J = 6.8 Hz, 1 H, CHCH3), 5.93 (br s, 1 H, NH) ppm.

Boc(NMe)PheNHCH(CHj;), (14b). The coupling between
Boc{NMe)PheOH (2.0 g, 7.16 mmol) and 2-propylamine (635
mg, 10.74 mmol) was achieved by the method described in the
general coupling procedure employing HOBt (1.16 g, 8.69 mmol)
and EDC (1.37 g, 10.14 mmol). The crude residue was purified
by flash column chromatography to give a 1:1 mixture of cis and
trans isomers of 14b: yield 2.08 g (30%); R;0.50 (5% methanol-
chloroform); 'H NMR (CDCl;) § 1.12 (24, J = 6.7 Hz, 6 H, CH-
(CHj3)2),1.31,1.40 (2,9 H, C(CH3)y), 2.77 (brs, 3 H, NCHy), 2.91,
3.38 (2 m, 2 H, CH,Ph), 4.02 (m, 1 H, CH(CHj),), 4.63, 4.82 (2
m, 1 H, CHC(Q)), 5.65, 597 (2 br s, 1 H, NH), 7.12-7.34 (m, 5
H, CsHs) ppm.

(NMe)AIlaNHCH(CH;); (15a). The Boc group was removed
by the method described in the general deprotection procedure
from Boc(NMe)AlaNHCH(CHj), (14a) (2.0 g, 8.19 mmol) and
the crude compound was extracted with chloroform from the
basic aqueous solution. After drying over Na;SOy, solvent was
removed under reduced pressure. The residue was purified by
flash column chromatography to give pure title compound 15a:
yield 920 mg (78%); R; 0.22 (10% methanol-chloroform); 'H
NMR (CDCly) 6 1.15 (2d, J = 6.7 Hz, 6 H, CH(CH3),), 1.28 (d,
J=6.8HZ,3 H, CHCH,), 2.40 (s, 4 H, CH;N and CH;NH), 3.09
(q, J = 6.8 Hz, 1 H, CHCHjy), 4.05 (m, 1 H, CH(CH3),), 7.04 (br
s, 1 H, C(O)NH) ppm.

(NMe)PheNHCH(CH,); (15b). The Bocgroup was removed
from Boc(NMe)AlaNHCH(CHj3); (14b) (2.0 g, 6.24 mmol) by the
method described in the general deprotection procedure. The
crude product was purified by flash column chromatography to
give pure title compound 15b: yield 1.14 g (83%); R;0.48 (10%
methanol-chloroform); tH NMR (CDCly) 6 1.14 (2d, J = 6.7 Hz,
6 H, CH(CHj),), 1.66 (br s, 1 H, CH;NH), 2.29 (s, 3 H, CHsNH),
2.72 (dd, J = 6.7, 13.8 Hz, 1 H, CHHPh), 3.20 (m, 2 H, CHHPh
and CHCHy), 4.08 (m, 1 H, CH(CH3),), 6.92 (br s, 1 H, C(O)NH),
7.21-1.35 (m, 5 H, C¢H;) ppm.

(38)-2,5-Diaza-3,6-dimethylheptane (16a). To a solution
of 1.0 M borane in tetrahydrofuran (15 mL) under N, was added
(NMe)AlaNHCH(CHj;); (15a) (800 mg, 5.55 mmol) in THF (5
mL) dropwise, and the temperature was kept at approximately
0 °C. The colorless solution was then heated to reflux for 2 h.
The reaction mixture was cooled to room temperature, and a 6
N aqueous HCl solution (5 mL) was added. After the tetrahy-
drofuran was removed under reduced pressure, NaOH pellets
were added to saturate the aqueous phase and the crude product
was extracted with chloroform (3 X 10 mL). The product was
purified by flash column chromatography to furnish the title
compound 16a as an oil: yield 390 mg (59%); '"H NMR (CDCls)
51.18(2d, J = 6.7 Hz, 6 H, CH(CHa3),), 1.21 (d, J = 6.8 Hz, 3
H, CHCH), 2.46 (s, 3 H, CH3N), 2.54 (m, 1 H, CHH), 2.72 (m,
2 H, CHH and CHCH3), 2.83 (m, 1 H, CH(CH3),), 3.42 (br s, 2
H, 2 X NH) ppm.

(39)-2,5-Diaza-3-benzyl-6-methylheptane (16b). The re-
duction of (NMe)Phe NHCH(CH,); (15b) (1.0 g, 4.54 mmol) was
achieved by the method described above. The crude product
was purified by flash column chromatography to give the title
compound: yield 645 mg (69%); 'H NMR (CDCly) 5 1.17 (2 d,
J = 6.7 Hz, 6 H, CH(CH3)2), 1.99 (br 5, 2 H, 2 X NH), 2.50 (s, 3
H, CH;3N), 2.67 (m, 1 H, CHHPh), 2.78~2.89 (m, 2 H, CH;N),
2.93-3.07 (m, 2 H, CHHPh and CHCH,), 3.14 (m, 1 H, CH(CHj)),
7.20-7.38 (m, 5 H, CsH;) ppm.

(38)-2,5-Diacetyl-2,5-diaza-3,6-dimethylheptane (7b). Ace-
tic anhydride (5 mL) was added dropwise to (35)-2,5-diaza-3,6-
dimethylheptane (16a) (150 mg, 1.15mmol) at 0 °C. Thereaction
mixture was warmed to room temperature and stirred for 2 h.
After evaporation of excess acetic anhydride, the crude product
was purified by column chromatography to give the pure title
compound: yield 210 mg (85%); R; 0.37 (10% methanol-
chloroform); 'H NMR (CDCl;) 6 1.15-1.37 (m, 8 H, CHCH; and
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CH(CHj);), 2.07-2.16 (m, 6 H, 2 X C(O)CH,), 2.84-2.97 (m, 3 H,
CH;N), 2.99, 3.11, 3.26, 3.57 (4 m, 2 H, CHy), 4.03 (m, 1 H,
CH(CHjy);), 4.25, 4.54, 4.80, 4.87 (4 m, 1 H, CHCH;) ppm; MS
(+FAB) 215 (IM + 11*, M = C;;H2:N:0y).

Anal. Caled for CquzNzOz: C, 61.64; H, 10.35; N, 13.07.
Found: C, 61.38; H, 10.61; N, 12.72.

(395)-2,5-Diacetyl-2,5-diaza-3-benzyl-6-methylheptane (7a).
Acetylation was conducted with (38)-2,5-diaza-3-benzyl-6-meth-
ylheptane (16b) (250 mg, 1.21 mmol) using the method described
above, and the crude product was purified by preparative thin-
layer chromatography (PTLC): yield 310 mg (88% ); R;0.60 (10%
methanol-chloroform); tH NMR (CDCl3) 4 1.03-1.24 (m, 6 H,
CH(CH3),), 1.76-2.22 (m, 8 H, 2 X C(O)CH3), 2.76-5.12 (m, 9 H,
CH(CHs)z, CH(CHz)z and CH3N), 7.14-7.22 (m, 5 H, CeHs) Ppm;
MS (+FAB) 291 ([M + 11*, M = C;7H2sN:0y).

Anal. Calcd for CisHgN,Os: C, 70.31; H, 9.03; N, 9.65.
Found: C, 70.26; H, 9.08; N, 9.49.

(38)-2,5-Diformyl-2,5-diaza-3,6-dimethylheptane (7d). A
mixture of acetic anhydride (2.5 mL) and formic acid (2.5 mL)
was added dropwise to (35)-2,5-diaza-3,6-dimethylheptane (16a)
(150 mg, 1.15 mmol) at 0 °C. The reaction mixture was warmed
toroom temperature and stirred for 2h. After removal of solvent,
the residue was purified by column chromatography to give the
title compound: yield 152 mg (71%); R; 0.28 (10% methanol-
chloroform); 'H NMR (CDCly) 6 1.20-1.41 (m, 9 H, CHCH; and
CH(CH3),), 2.86-3.02 (m, 3 H, CH;3N), 3.10-4.74 (m,4 H, CHCH3,
CH(CHj3),, and CH;), 7.90-8.19 (m, 2 H, 2 X C(O)H) ppm; MS
(+FAB) 187 (IM + 11*, M = CgHsN,0,).

Anal. Caled for CgHwNzOz: C, 58.03; H, 9.74; N, 15.04.
Found: C, 57.83; H, 10.01; N, 15.27.

(39)-2,5-Diformyl-2,5-diaza-3-benzyl-6-methylheptane (7c).
Formylation was carried out with (3S5)-2,5-diaza-3-benzyl-6-
methylheptane (16b) (250 mg, 1.21 mmol) by the method
described above, and the residue was purified by PTLC: yield
261 mg (82%); R; 0.52 (10% methanol-chloroform); 'H NMR
(CDCly) 61.13-1.32 (m, 6 H, CH(CH3),), 2.77-4.92 (m, 9 H, CH;N,
CH(CH2)2 and CH(CHa)z), 7.10-7.37 (m, 5 H, CeHs), 7.77-8.26
(m, 2 H, 2 X C(O)H) ppm; MS (+FAB) 263 (M + 1]1*,M =
C1sH2:N:0,).

Anal. Caled for CszzNgOz: C, 68.67; H, 8.45; N, 10.68.
Found: C, 68.74; H, 8.55; N, 10.89.

BocAlaNHCH(CHjy); (17a). The coupling with BocAlaOH
(5.0 g, 26.4 mmol) and 2-propylamine (2.8 g, 47.4 mmol) was
achieved by the method described in the general coupling
procedure employing HOBt (4.7 g, 34.8 mmol) and EDC (7.6 g,
39.6 mmol). After recrystallization from ethyl acetate-hexane,
white crystals were collected: 5.7g(94%); R;0.45 (10% methanol-
hexane); 'H NMR (CDCly) é 1.16 (2 d, J = 6.5 Hz, 6 H, CH-
(CHa)z), 1.35 (d, J=1.0 Hz, 3 H, CHCHa), 1.45 (S, 9 H, C(CHs)a),
4.03-4.18 (m, 2 H, 2 X CH), 5.11,6.12 (2 brs, 2 H, 2 X NH) ppm;
MS (+FAB) 231 ([M + 1]*, M = C;;H;N;0,).

Anal. Caled for CquzNan: C, 57.36; H, 9.63; N, 12.17.
Found: C, 57.56; H, 9.48; N, 11.82.

BocPheNHCH(CH,); (17b). The coupling between Boc-
PheOH (5.0 g, 18.8 mmol) and 2-propylamine (2.0 g, 33.8 mmol)
was achieved by the method described in the general procedure
employing HOBt (3.4 g, 25.2 mmol) and EDC (5.5 g, 28.7 mmol).
After recrystallization from ethyl acetate-hexane, white crystals
were collected: yield 5.37 g (93%); Ry 0.62 (10% methanol-
hexane); 1H NMR (CDCly) ¢ 0.95, 1.04 (2d, J = 6.5 Hz, 6 H,
CH(CHs)z), 143 (S, 9 H, C(CHs)a), 2.95-3.13 (m, 2 H, CHzPh),
3.97,4.23 (2m, 2 H, 2 X CH), 5.20, 5.51 (2 br s, 2 H, 2 X NH),
7.21-7.36 (m, 5 H, C¢H;) ppm; MS (+FAB) 307 (M + 1]+, M =
C17H2N;03).

Anal. Caled for C;yHyN,05: C, 66.64; H, 8.55; N, 9.14.
Found: C, 66.91; H, 8.74; N, 9.30.

(NMe)AlaAlaNHCH(CHj), (18a). After removal of the Boc
group from BocAlaNHCH(CH3); (17a) (2.3 g, 10 mmol) by the
general deprotection procedure, the coupling reaction with Boc-
(NMe)AlaOH (13a) (2.0 g, 10 mmol) was carried out using HOBt
(1.62 g, 12 mmol) and EDC (2.5 g, 13 mmol). After workup, the
Boc group of Boc(NMe)AlaAlaNHCH(CHj;); was removed and
the residue was purified by recrystallization to give the titled
compound as a TFA salt: yield 2.65 g (81%); 'H NMR (DMSO-
dg) 61.01 (2d, J = 6.5 Hz, 6 H, CH(CHj)»), 1.22, 1.37 (2d, J =
7.0 Hz, 6 H, 2 X CHCHj), 2.52 (s, 3 H, NCH3), 3.60, 3.82, 4.26
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(3m, 3 H, 3 X CH), 7.86,8.69 (2d, J = 7.6 Hz, 2 X NH), 8.83,
9.02 (2 br s, 2 H, NH;) ppm.

(NMe)PhePheNHCH(CHjs); (18b). After removal of the Boc
group from BocPhe NHCH(CHj); (17b) (3.06 g, 10 mmol) by the
general deprotection procedure, the coupling reaction with Boc-
(NMe)PheOH (13b) (2.79 g, 10 mmol) was carried out using HOBt
(1.62 g, 12 mmol) and EDC (2.5 g, 13 mmol). After workup, the
Boc group of Boc(NMe)PhePhe NHCH(CH3); was removed and
the residue was purified by recrystallization to give the title
compound as a TFA salt: yield 3.83 g (80%); 'H NMR (DMSO-
de) 6 0.97,1.06 (2d, J = 6.6 Hz, 6 H, CH(CH3);), 2.71-2.97 (m,
4 H, 2 Xx CH,Ph), 3.71-3.85, 4.62 (2 m, 3 H, 3 X CH), 7.12-7.29
(m, 10 H, 2 X C¢Hjy), 7.93,8.66 (24d, J = 7.5 Hz, 2 H, 2 X NH),
8.84 (br s, 2 H, NH;) ppm.

(38,65)-2,5,8-Triaza-3,6,9-trimethyldecane (19a). To a
solution of 1.0 M borane in THF (30 mL) under N; atmosphere
was added (NMe)AlaAlaNHCH(CHj); (18a) (2.3 g, 7.0 mmol) in
THF (10 mL) dropwise, and the temperature was kept at
approximately 0 °C. The colorless solution was then heated to
reflux for 12 h. The reaction mixture was cooled to room
temperature, and 6 N aqueous HCl solution (10 mL) was added.
After the solvent was removed under reduced pressure, NaOH
pellets were added to saturate the aqueous phase and the product
was extracted with chloroform (3 X 30 mL). The organic layer
was dried over Na;SO,, and the solvent was removed under
reduced pressure. The crude product was not further purified
but used for the following reactions: crude product yield 680 mg
62%).

(35,69)-3,6-Dibenzyl-9-methyl-2,5,8-triazadecane (19b).
The reduction of (NMe)PhePhe NHCH(CHjs), (18b) (3.5 g, 7.28
mmol) was achieved by the method described above. The crude
product was not further purified but used for the following
reactions: crude product yield 1.48 g (60%).

(35,68)-2,5,8-Triacetyl-2,5,8-triaza-3,6,9-trimethyldec-
ane (8b). Acetic anhydride (5 mL) was added dropwise to crude
(38,68)-2,5,8-triaza-3,6,9-trimethyldecane (19a) (300 mg, 1.60
mmol) at 0 °C. The reaction mixture was warmed to room
temperature and stirred for 2 h. After evaporation of excess
acetic anhydride, the crude product was purified by flash column
chromatography: yield 331 mg (66%); R;0.34 (10% methanol-
chloroform); tH NMR (CDCly) 4 1.06-1.47 (m, 12 H, 2 X CH,-
CHCH; and CH(CHj3),) 2.02-2.34 (m, 9 H, 3 X C(O)CHj,), 2.78-
4,92 (m, 10 H, CH;3N, CH(CHj); and 2 X CH;CHCH,) ppm; MS
(+FAB) 314 ([M + 1]+, M= CleHmNsOa).

Anal. Calcd for C16H31N303: C, 61.31; H, 9.97; N, 13.41.
Found: C, 61.67; H, 10.06; N, 13.11.

(35,65)-3,6-Dibenzyl-9-methyl-2,5,8-triacetyl-2,5,8-tri-
azadecane (8d). Acetylation was conducted with (35,65)-3,6-
dibenzyl-9-methyl-2,5,8-triazadecane (500 mg, 1.47 mmol) (19b)
by the method described above, and the crude product was
purified by PTLC: yield 425 mg (62%); R;0.54 (10% methanol-
chloroform); 'H NMR (CDCly) 6 1.06-1.38 (m, 6 H, CH(CHj)s),
1.62-2.25 (m, 9 H, 3 X C(0)CHy,), 2.53-4.82 (m, 14 H, CH(CH,),,
CH;N, and 2 X CH(CH,),), 6.94-7.39 (m, 10 H, 2 X CgH;) ppm;
MS (+FAB) 466 ([M + 11!, M = CsH3N;03).

Anal. Caled for CysHgN3Og: C, 72.22; H, 8.44; N, 9.02.
Found: C, 72.35; H, 8.40; N, 8.89.

(385,69)-2,5,8-Triaza-2,6,8-triformyl-3,6,9-trimethyldec-
ane (8a). A mixture of acetic anhydride (2.5 mL) and formic
acid (2.5 mL) was added dropwise to (3S,65)-2,5,8-triaza-3,6,9-
trimethyldecane (19a) (300 mg, 1.60 mmol) at 0 °C. Thereaction
mixture was warmed to room temperature and stirred for 3 h.
After removal of solvent under reduced pressure, the residue was
purified by flash column chromatography: yield 260 mg (60%);
R;0.25 (10% methanol—chloroform); 'H NMR (CDCl,) § 1.09-
1.48 (m, 12 H, CH(CH;); and 2 X CH,CHCH) 2.78-2.98 (m, 3
H, CH;N), 3.08-4.05 (m, 7 H, 2 X CH;CHCH,; and CH(CH,)y),
7.82-8.28 (m, 3 H, C(O)H) ppm; MS (+FAB) 272 ((M + 1]*,M
= C13H2N303).

Anal. Caled for Ci3HpsN3Os: C, 57.54; H, 9.29; N, 15.49.
Found: C, 57.87; H, 9.41; N, 15.44.

(39,69)-3,6-Dibenzyl-9-methyl-2,5,8-triformyl-2,5,8-tri-
azadecane (8c). Formylation was achieved with (3S5,65)-3,6-
dibenzyl-9-methyl-2,5,8-triazadecane (19b) (500 mg, 1.47 mmol)
by the method described above, and the residue was purified by
PTLC: yield 337 mg (54%); R;0.48 (10% methanol~chloroform);
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'H NMR (CDCl;) 6 1.04-1.36 (m, 6 H, CH(CH3),), 2.34-4.12 (m,
14 H, CHaN, CH(CH;;)Q, and 2 X CH(CHz)g), 7.02-7.43 (m, 10 H,
2 X C¢Hs), 7.77-8.25 (m, 3 H, 3 X C(O)H) ppm; MS (+FAB) 424
(IM + 11*, M = Cy:HN305).

Anal. Caled for CysHasN3Os: C, 70.89; H, 7.85; N, 9.92.
Found: C, 71.03; H, 7.66; N, 9.75.

Boc(NMe)AlaAlaOH (20a). The coupling between Boc-
(NMe)AlaOH (13a) (1.0 g, 4.92 mmol) and the HCl salt of AlaOBzl
(1.06 g, 4.92 mmol) was accomplished by the general method
employing HOBt (0.8 g, 5.92 mmol) and EDC (1.25 g, 6.52 mmol)
to obtain the Boc(NMe)AlaAlaOBz! compound: !H NMR
(CDCl;) 6 1.28,1.34 2d,J =7.0Hz,6 H, 2 X CHy), 1.48 (5, 9
H, CH(CHj3)3), 2.78 (s, 3 H, NCH3), 4.60, 5.17 (2m, 2 H, 2 X CH),
6.10 (br s, 1 H, NH), 7.27-7.37 (m, 5 H, C¢H;) ppm. To remove
the benzyl protecting group, crude Boc(NMe)AlaAlaOBz] was
dissolved in 5% acetic acid-methanol (10 mL) containing 10%
Pd/C as a catalyst. The reaction mixture was stirred for 12 h
under Hy. The catalyst was removed by filtration through a
Celite bed, and the solvent was removed under reduced pressure.
The resulting oil was purified by flash column chromatography
to give the title compound: yield 1.0 g (74%); R 0.26 (10%
methanol-chloroform); "H NMR (CDCly) 6 1.32, 1.38 (2 d, J =
7.0 HZ, 6 H, 2X CHa), 1.53 (S, 9 H, C(CHa)a), 2.80 (s, 3 H, NCHg),
4.44,4.65 (2 m, 2 H, 2 x CH), 7.09 (br 5, 1 H, NH), 9.88 (br s,
1H,C(O)OH) ppm; MS (+FAB) 275 (IM + 1]*,M = C;H3,N;05);
HRMS (+FAB) 275.1599 (calculated for C15H3N,Os, 275.1607).

Boc(NMe)PhePheOH (20b). The coupling between Boc-
(NMe)PheOH (13b) (1.0 g, 3.58 mmol) and PheOBzl p-tosylate
salt (1.53 g, 3.58 mmol), and the hydrogenolysis were conducted
by the method described above: yield 1.05g (69%); R;0.52 (10%
methanol-chloroform); 'H NMR (CDCl3) 5 1.16, 1.24 (2 br s, 9
H, C(CHy),), 2.38, 2.46 (2 br s, CH:N), 2.78, 3.05, 3.33 (3m, 4 H,
2 X CH,Ph), 4.00-4.21 (m, 2 H, 2 X CH), 6.76 (br s, 1 H, NH),
7.08-7.25 (m, 10 H, 2 X C¢Hs) ppm; MS (+FAB) 427 ([M + 1]+,
M= CaHaoNzOs); HRMS (+FAB) 427.2249 (Calculated for
CoH31N:2Os, 427.2233).

AlaAlaNHCH(CH;), (21a). Afterthe Bocgroup wasremoved
from BocAlaNHCH(CHj;): (17a) (2.0g, 8.70 mmol) by the general
procedure, the coupling reaction was carried out using BocAlaOH
(1.65 g, 8.72 mmol), HOBt (1.41 g, 10.44 mmol), and EDC (2.24
g, 11.68 mmol). After workup, the Boc group of BocAlaAlaN-
HCH(CHj3); was removed by the general method. The residue
was purified by recrystallization to give the title compound as
a TFA salt: yield 1.93 g (72%); 'H NMR (DMSO-dg) 6 1.03, 1.05
(2d,J = 6.2 Hz, 6 H, CH(CH3);), 1.21,1.32 (2d, J = 7.0 Hz, 6
H, 2 x CHCH), 3.79-3.87 (m, 2 H, 2 X CH), 4.27 (m, 1 H, CH),
7.84 (d, J = 7.5 Hz, 1 H, C(O)NH), 8.04 (br s, 3 H, NH;), 8.49
d,J = 7.5 Hz, 1 H, C(O)NH) ppm; MS (+FAB) 202 ((M - TFA
+ 11%, M = C;{HyoN3;0.F;, TFA = C,F;HO,).

Anal. Caled for C11H20N304F31 C, 4190; H, 639, N, 13.33.
Found: C, 42.12; H, 6.38; N, 13.33.

BocPhePheNHCH(CH;). (21b). After the Boc group was
removed from BocPhe NHCH(CH3), (17b) (2.0 g, 6.54 mmol) by
the general procedure, the coupling reaction was carried out using
BocPheOH (1.74 g, 6.56 mmol), HOBt (1.06 g, 7.85 mmol), and
EDC(1.75g,9.13 mmol). After workup, the residue was purified
by recrystallization to give the title compound: yield 2.20 (75%);
R;0.53 (10% methanol-chloroform); 'H NMR (CDCls) 6 1.00 (2
d,J = 6.3 Hz, 6 H, CH(CH3),), 1.31 (s, 9 H, C(CHa)3), 2.80, 3.04,
3.26 (3 m, 4 H, 2 X CH,Ph), 3.95, 4.27, 4.56 (3 m, 3 H, 3 X CH),
4.78 (d, J = 5.4 Hz, 1 H, OC(O)NH), 5.86,6.36 (2brs, 2 H, 2 X
NH), 7.16-7.36 (m, 10 H, 2 X C¢Hs) ppm; MS (+FAB) 454 ([M
+ 11%, M = CyH3sN30,).

Anal. Caled for CoeHasNsOg C, 68.85; H, 7.78; N, 9.26.
Found: C, 69.09; H, 7.83; N, 9.27.

(NMe)AlaAlaAlaAlaNHCH(CH,); (22a). The coupling
between Boc(NMe)AlaAlaOH (20a) (900 mg, 3.28 mmol) and
AlaAlaNHCH(CHj); (21a) (660 mg, 3.28 mmo)) was achieved by
the general method employing HOBt (530 mg, 3.92 mmol) and
EDC (880 mg, 4.59 mmol). After workup, the Boc group was
removed by the general method. The residue was purified by
recrystallization, and the product was obtained as a TFA salt:
yield 1.20 g (79%); 'H NMR (DMSO-dg) 6 1.03,1.04 (2d, J =
6.3 Hz, 6 H, CH(CH5),), 1.16, 1.20, 1.26, 1.35 (4 d, J = 7.2 Hz,
12 H, CHCH,), 2.50 (s, 3 H, NCH3), 3.71-3.88 (m, 2 H, 2 X CH),
4.15-4.29 (m, 2 H, 2 X CH), 4.38 (m, 1 H, CH), 7.65, 7.81, 8.14,
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8.67 (4 d, J = 7.8 Hz, 4 X NH), 8.75 (br 8, 2 H, NH;) ppm; MS
(+FAB) 358 ((M-TFA + 11*,M = C;3sH3:NsOcF3, TFA = C;F;-
HOy).

Anal. Calcd for C1s}i32N503F3: C, 45.85; H, 6.84; N, 14.86.
Found: C, 45.53; H, 6.78; N, 14.59.

(NMe)PhePhePhePheNHCH(CH;): (22b). After the Boc
group was removed from BocPhePheNHCH(CHj;), (21b) (0.96
g, 2.11 mmol) by the general deprotection method, the coupling
with Boc(NMe)PhePheOH (20b) (0.90 g, 2.11 mmol) was
achieved. The coupling agents HOBt (350 mg, 2.59 mmol) and
EDC (570 mg, 2.97 mmol) were used. After workup, the Boc
group was removed by the general method, the residue was
purified by recrystallization, and the product was obtained as
a TFA salt: yield 1.24 g (76 %); 'H NMR (DMSO-ds) 6 0.91, 1.02
(24, J = 6.5 Hz, 6 H, CH(CHj3),), 2.50~3.05 (m, 11 H, NCH; and
4 X CH,Ph), 3.74-3.83 (m, 2 H, 2 X CH), 4.46-4.59 (m, 2 H, 2
X CH), 4.75 (m, 1 H, CH), 7.00-7.28 (m, 20 H, 4 X C¢Hy), 7.77,
8.13,8.42,8.74 (d,J = 7.8 Hz,4 H, 4 X NH), 8.72 (br s, 2 H, NH;)
ppm; MS (+FAB) 662 (M - TFA + 1]*, M = C,;H;xN;OgF;,
TFA = C;HO.F;); HRMS (+FAB) 662.3701 (calculated for [M
- TFA + 1], C»HN5O4 = 662.37086).

(35,68,985,129)-2,5,8,11,14-Pentaaza-3,6,9,12,15-pentameth-
ylhexadecane (23a). To a solution of 1.0 M borane in tetrahy-
drofuran (30 mL) under N, was added (NMe)AlaAlaAlaAlaN-
HCH(CHjy), (22a) (754 mg, 2.16 mmol) in THF (10 mL) dropwise
and the temperature was kept at approximately 0 °C. The
colorless solution was then heated to reflux for 36 h. Thereaction
mixture was cooled to room temperature, and 6 N aqueous HCI
solution (10 mL) was added. After the tetrahydrofuran was
removed under reduced pressure, NaOH pellets were added to
saturate the aqueous phase and the product was extracted with
chloroform (5 X 30 mL). The crude product was used for the
next reaction: crude product yield 275 mg (57%).

(35,65,98,128)-2,5,8,11,14-Pentaaza-3,6,9,12-tetrabenzyl-
15-methylhexadecane (23b). The reduction of (NMe)Phe-
PhePhePheNHCH(CHj3), (22b) (850 mg, 1.29 mmol) was carried
out by the method described above to obtain the title compound.
The crude product was not purified but used for the following
reaction: crude product yield 453 mg (58%).

(35,65,98,129)-2,5,8,11,14-Pentaacetyl-2,5,8,11,14-penta-
aza-3,6,9,12,15-pentamethylhexadecane (9b). Acetic anhy-
dride (56 mL) was added dropwise to (35,65,95,125)-2,5,8,11,14-
pentaaza-3,6,9,12,15-pentamethylhexadecane (23a) (137 mg, 0.45
mmol) at 0 °C. The reaction mixture was warmed to room
temperature and stirred for 4 h. After evaporation of excess
acetic anhydride, the crude product was purified by column
chromatography to give pure title compound: yield 207 mg (89%);
R;0.25 (10% methanol~chloroform); 'H NMR (CDCl;) 6 1.05~
1.47 (m, 18 H, CH(CH3); and 4 X CH,CHCHj3), 1.98-2.32 (m, 15
H, 5 x C(0)CHy), 2.79-4.80 (m, 16 H, CH3sN, CH(CHj3),, and 4
x CH;CHCH, ppm; MS (+FAB) 512 (IM + 1]*, M =
CasH4oN;505).

Anal. Calcd for Cst49N505Z C, 6103, H, 965, N 13.69.
Found: C, 60.97; H, 9.76; N, 13.54.

(35,68,98,129)-2,5,8,11,14-Pentaacetyl-2,5,8,11,14-penta-
aza-3,6,9,12-tetrabenzyl-15-methylhexadecane (9d). Acet-
ylation was conducted with (35,68,98,125)-2,5,8,11,14-pentaaza-
3,6,9,12-tetrabenzyl-15-methylhexadecane (23b) (2256 mg, 0.37
mmol) by the method described above, and the residue was
purified by PTLC: yield 215 mg (70%); R;0.45 (10% methanol~
chloroform); tH NMR (CDCls) § 0.84-1.37 (m, 6 H, CH(CHj3)»),
1.71-2.24 (m, 15 H, 5 X C(0O)CHj), 2.44-5.30 (m, 24 H, CH3N,
CH(CHy),, and 4 X CH(CHy,),), 6.86-7.42 (m, 20 H, 4 X CgH;)
ppm; MS (+FAB) 816 (IM + 11*, M = C5Hg:N;05).

Anal. Caled for C50H35N505: C, 7359, H, 8.03; N, 8.58.
Found: C, 73.54; H, 8.09; N, 8.81.

(38,65,98,128)-2,5,8,11,14-Pentaformyl-2,5,8,11,14-penta-
aza-3,6,9,12,15-pentamethylhexadecane (9a). A mixture of
acetic anhydride (2.5 mL) and formic acid (2.5 mL) was added
dropwise to (38,65,95,125)-2,5,8,11,14-pentaaza-3,6,9,12,15-pen-
tamethylhexadecane (23a) (137 mg, 0.45 mmol) at 0 °C. The
reaction mixture was warmed to room temperature and stirred
for 8 h. After evaporation of the solvent, the crude material was
purified by column chromatography to give the title compound:
vield 154 mg (77%); R; 0.18 (10% methanol-chloroform); *H
NMR (CDCly) 6 1.08-1.56 (m, 18 H, CH(CH3;); and 4 X CH,-
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Figure 2. Schematic representation of poly(N-acetyl-1-meth-
ylethylenimine).

CHCHs), 2.76-4.98 (m, 16 H, 5 X CH, 4 X CH; and CH;3N), 7.80-
8.38 (m, 5 H, 5 x C(O)H) ppm; MS (+FAB) 442 (M + 1]1*, M
= CyH3sN30s).

Anal. Caled for C»HgNsOs: C, 57.12; H, 8.90; N, 15.86.
Found: C, 57.45; H, 8.98; N, 15.58.

(39,65,98,129)-2,5,8,11,14-Pentaformyl-2,5,8,11,14-penta-
aza-3,6,9,12-tetrabenzyl-15-methylhexadecane (9c). The
formylation of 23b (225 mg, 0.37 mmol) was achieved by the
method described above: yield 213 mg (77%); R; 0.40 (10%
methanol-chloroform); 'H NMR (CDCly) § 0.92-1.37 (m, 6 H,
CH(CH3).), 2.43-4.80 (m, 24 H, CH;N, CH(CHj); and 4 X CH-
(CH,),), 6.94-7.37 (m, 20 H, 4 % CgH;), 7.50-8.18 (m, 5 H, 5 X
C(O)H) ppm; MS (+FAB) 746 ([M + 1]*, M = CxHyN;05).

Anal. Caled for CHssNsOs: C, 72.45; H, 7.43; N, 9.39.
Found: C, 72.37; H, 7.53; N, 9.30.

Results and Discussion

It has been reported that poly[(R)-1-deuterio-n-hexyl
isocyanate],’4 a macromolecule configurationally chiral
only by virtue of deuterium substitution, exhibits a high
optical rotation similar to what has been observed with
optically active polycyanates containing the chiral center
in the side chains.!® These phenomena could be inter-
preted by the chiral perturbation in the pendant side chain
group favoring one of the helical senses. Achiral poly-
(ethylenimine) in the anhydrous state obtained from poly-
(N-benzoylethylenimine) has been known to exist as
double-stranded helices from X-ray structural analysis.!6
On the basis of these observations, optically active
polyozazolines having the chiral center in the backbone
may be expected to assume stable helical structures. In
order to examine the possibility of forming preferred helical
arrays, molecular mechanics calculations were carried out
for poly(N-acetyl-1-methylethylenimine) as well as for the
monomer to tetramer model compounds (CH3[N(COCHjy)-
CH(CHj3)CH;]1.N(COCH;)CHj, n = 1-4) employing the
flexible geometry Discover program.!! A schematic struc-
ture of the molecular system is shown in Figure 2.

Conformational energy minimizations were first carried
out for the monomer model compound (n = 1). Initial
structures were generated in conformity with the rotational
isomeric state approximation. With regard to rotations
around CN-CC (¢), NC-CC (), and CN-CO (w) bonds,
the following angles were assumed: ¢ = 0, 60, 120, 180,
240, and 300°, ¢ = 60, 180, and 300°, w = 0 and 180°. Six
conformers were calculated as energy minima over arange
of 2.5 kcal mol-! above the global minimum value (Table
I). Conformers with y around 60° are energetically less
favored because of steric interactions: the N atom is
located in the syn position to both N(COCH3;) and side
chain CH; groups of the preceding residue. For these six
conformations, two different values of w,, i.e., 0 (cis) and
180° (trans), were calculated. The conformational energies
of the structures with cis forms are shown in Table I
because these structures are more stable for the polymer
than structures with trans forms. Asshownin Tablel, on
the other hand, the cis form was calculated for w;.
Accordingly, the cis form was used for the further
calculations.
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Table 1
Dihedral Angles ¢y, ¥, ¢3, and «; Optimized for the
Monomer Model (2 = 1) and Relative Energies Calculated
for the Monomer, Dimer (n = 2), and Tetramer (n = 4)

Models
dihedral angle per residue/deg AE/kcal mol!
conformer ¢ ¥ &2 w1 n=1 n=2 n=4
I 661 652 -942 2.0 0.000
I 74.4 69.6 72.7 2.2 0.441 0.442 1.909
I 66.0 164.7 95.8 1.5 0.794 1.642 4.550
v 65.0 166.8 ~75.7 09 1.266 2.087 5.524
\Y -111.5 69.4 709 -1.2 1297 0.000 4.090
VI -1139 1652 -76.2. -03 2065 1.709 0.000
Table 11

Helical Parameters* Calculated for
Poly(N-acetyl-1-methylethylenimine) (n = 20) Taking the
Conformation III and VI Structures

conformer helix t/A d/A 6/deg AE/kcal resd!

III 24/4 right-handed 25.2 1.10 62.6 1.246
VI 14/3 left-handed  17.8 1.27 -77.4 0.000

¢ The notions ¢, d, and 8 represent the pitch of the helix, the rise
along the helix axis per repeating unit, and the rotation angle about
the helix axis per repeating unit, respectively.

Conformational energy calculations were carried out for
the dimer (n = 2) and tetramer (n = 4) model compounds
assuming that the continuing residues take the same
conformation. The initial structures were generated by
adopting the values of ¢y, ¢, and w; estimated for the
monomer model compound. The results of calculations
are summarized in the last two columns of Table L
Conformer I which was the most stable in the case of the
monomer model (n = 1) was prohibited for the dimer model
compound by steric hindrance between the acetyl group
of the first residue and the end terminal methyl group.
Energy differences of the other five conformers II-VI are
within ca. 2kcal mol-l. For the tetramer model compound
(n = 4), conformer VI, which was least favored at the
monomer level, was calculated to be the lowest energy
arrangement.

Similar studies were extended to the polymer with n =
20, assuming the conformers II-VI. Geometric parameters,
optimized for the tetramer with the same conformations,
were used for generating the initial structures. Stable
helical arrays were calculated when the polymer assumed
either conformer IIl or VI. Helical parameters and relative
energies are given in Table II. The structure calculated
for the polymer assuming conformer III is a right-handed
helix containing 23 residues per four turns with the identity
period of 25.2 A, On the other hand, a left-handed helical
structure of 14 residues per three turns with the identity
period of 17.8 A was estimated for the polymer assuming
conformer VI. The latter left-handed helix is more stable
than the conformer right-handed helix by 1.25 kcal/residue.

In order to investigate the conformations of optically
active polymers experimentally, poly(N-formyl-1-meth-
ylethylenimine) (2), poly(N-acetyl-1-methylethylenimine)
(3), poly(N-formyl-1-benzylethylenimine) (4), and poly-
(N-acetyl-1-benzylethylenimine) (5) were synthesized.
There are many methods known for the preparation of
2-oxazolines.!” One method is based on the dehydration
of N-(hydroxyalkyl)carboxamide. The dehydration is
normally achieved in the gas phase with a solid-acid
catalyst. Effective dehydrating agents used are alumina,
sulfuric acid, and thionyl chloride. Another method
involves the dehalogenation of a haloamide. A strongbase
such as sodium hydroxide is often used as a dehalogenating
agent. Oxazolines can also be obtained by the isomer-
ization of N-acylaziridines. The N-acylaziridines give
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Scheme I
Preparation of N-Formyl Polymers

R t -BUNC MeOTs R

NHAGHCH,OH AQCN ( 7 T CHst i CH 7 OTs
No Solvent H
1b,R=CHj; 2,R=CHg, n=60
d, R=CH,Ph 4, R = CH,Ph, n = 100
Scheme 11
Preparation of N-Acetyl Polymers
R Ac,0 o R sSOCH 0
| — o 2 |
NH,CHCH,OH e CHZCNHCHCH,OH CH3CNHCHCH,CI
10a, R = CH; 11a, R = CHs
b, R = CH,Ph b, R = CH,Ph
N f
NaH CHy—? =) MeOTs _ _
_nan ‘g_j‘ ————~ CHy =+ = CH = CHy 4 OTs
No Solvent CHy” 0
1c,R=CH; 3,R=CHzn=150
e, R = CH,Ph 5, R = CH,Ph, n =50

2-substituted 2-oxazolines where the isomerization is
achieved by heat or acidic, tertiary amine, or nucleophilic
ion catalysts. Cyclization of hydroxyalkylisocyanideyields
2-oxazolines. The intramolecular addition of a hydroxyl
group to the isocyanide carbon in hydroxyalkyl isocyanide
gives 2-unsubstituted 2-oxazoline. This reaction is cat-
alyzed by copper(I) oxide as well as by salts of transition
metals such as palladium, platinum,and gold. Stillanother
method involves a reaction of nitriles with amino alcohols.
Aromatic as well as aliphatic nitriles react with amino
alcohols to produce 2-substituted 2-oxazolines. The last
reported method is the cyclization of amino alcohols with
isocyanide. The reaction of amino alcohols with tert-butyl
isocyanide in the presence of a transition-metal catalyst
produces 2-unsubstituted 2-oxazolines. We employed the
isocyanide method for the preparation of 2-oxazolines (1b
and 1d in which R! = H in both molecules) since the
reaction conditions were milder than other methods and
we could avoid any possible racemization.

The monomeric 4-methyl-2-oxazoline (1b) and 4-benzyl-
2-oxazoline (1d), starting materials for the N-formyl
polymers (i.e., 2 and 4), were prepared by Saegusa’s
method? from L-alaninol and L-phenylalaninol using tert-
butyl isocyanide in the presence of silver cyanide (Scheme
I). In the purification step, codistillation of the product
with impurities was an existing problem. However, we
removed byproduct(s) and unreacted starting materials
effectively by treatment with ion-exchange resin (Am-
berlite IRC-50) followed by distillation under reduced
pressure. On the other hand, 2,4-dimethyl-2-oxazoline
(1c) and 4-benzyl-2-methyl-2-oxazoline (le), for the N-
acetyl polymers (i.e., 3 and 5), were prepared by the
Muchowski’s method!® as depicted in Scheme II. Here,
1-methyl-2-pyrrolidinone, used as a solvent for the cy-
clization step, could be completely removed by repeated
distillations under reduced pressure.

Polymerizations of monomeric 2-oxazolines (1b—e) were
carried out in sealed tubes at 120 °C for 1072 h using
methyl p-toluenesulfonate as an initiator. The polym-
erization process is very sensitive to moisture and any
other impurities. The glassware must be dried more than
24 h in an oven. All the reagents must be distilled before
use and transferred by cannulas. We examined other
initiators (methyl iodide, dimethyl sulfate) and reaction
temperatures (70-120 °C) in the absence and presence of
solvent (acetonitrile, N,N-dimethylformamide, toluene).
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Scheme III
Two Different Polymerization Mechanisms
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Scheme IV
Preparation of Monomeric Model Compounds 6a-b
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The best results were obtained when the above conditions
were employed which were the same as Saegusa’s meth-
ods.!® Polymerizations of 2-oxazolines were known to
proceed via two different mechanisms depending on the
nature of 2-oxazolines and initiators (Scheme III).20 One
mechanism proceeds with a cationic oxazolinium ring
propagation species (path a), and the other proceeds with
a covalent propagation species (path b). According to the
Saegusa’s observations, since the tosylate anion is less
nucleophilic than 2-oxazolines (1b—e), our polymerization
would have proceeded through the cationic oxazolinium
propagation species. As the polymerization progressed,
the polymer layer, as a glasslike semisolid, grew from the
bottom of the sealed tube. After the polymerization was
complete, a small amount of methanol was added to the
reaction mixture and the polymer precipitated as a white
solid upon the addition of ether. The average degree of
polymerization of these polymers (2-5) was between 50
and 150 based on the NMR integrations and intrinsic
viscosity measurements. Molecular weights of the poly-
mers were proportional to the monomer:initiator ratios as
shown in Schemes I and 1L

For the conformational analysis of these polymers,
mainly for the comparison of the CD and NMR mea-
surements, we synthesized four different types of model
compounds. The first class of model compounds (6a-b)
has one chiral center and one amide group. The second
(7a-d), third (8a-d), and fourth (9a-d) type model
compounds have one, two, and four chiral centers and
two, three, and five amide groups, respectively.

Compounds 6a,b were synthesized from the optically
pure (S)-2-butylamine by acylation and methylation
(SchemeIV). A cis—transisomerism was observed for both
compounds arising from the side-chain amide group. We
defined the geometric forms of cis and trans according to
the Cahn-Ingold-Prelog convention. The cis:trans ratio
observed for 6a was 4:1 in hexafluoro-2-propanol-d; and
2:1 for 6b in the same solvent (Table III). The second,
third, and fourth classes of model compounds were
prepared by similar pathways and depicted in Schemes
V-VII, respectively. A typical procedure can be described
by the synthesis of the fourth type of model compounds
(Scheme VII). To prepare the compounds 9a-d, Boc-
AlaOH or BocPheOH was treated with methyl iodide in
the presence of sodium hydride to give Boc(NMe)AlaOH
or Boc(NMe)PheOH. After coupling of BocAlaOH with
2-propylamine using 1-hydroxybenzotriazole (HOBt) and
1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydro-
chloride (EDC), the tert-butyloxycarbonyl (Boc) group
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Table III
Cis:Trans Ratios Observed for Compounds 6a and 6b in
Hexafluoro-2-propanol and Chloroform

CHg CHy
CHgNCHCH,CH, CHaNCHCH,CH3
R0 O ™ R!
Cis Trans

solvent compd 6a compd 6b

HF-2-P 80:20 64:36
CDCl4 80:20 50:50

Scheme V
Preparation of Monomeric Model Compounds 7a-d
NHCH(CH3)2

R o Ao
tnd BocNH L NHCH(GHy)
Boc-N-CH-C-OH -N-UR-L a2
) HOBYEDC I
CH, CH3

138, R° = CH, 148, R% = CH,
b, R? « CH,Ph b, R2 = CHoPh

R ’?2
A%o or
CHy-N-CH-CH,-NCH(CH),

CH;-NH-(!‘,H-CHZ-NHCH(CHg)g
AC,O/HCOH
R R”0
78R =H R®=CH,
b, R' = CHy, R® = CH;
¢, R'=H, R?= CH,Ph
d, R' = CHy, R? = CH,Ph

16 8, R® = CH,
b, R% = CH,Ph

Scheme VI
Preparation of Dimeric Model Compounds 8a-d

(NMe)Ala Ala
or

or
(NMe)Phe Phe  NH2CH(CHj)z

Boc——0OH H—

j EDC/HOBt
17 a, Ala
b, Phe

Boc

| TrACHCl,

Boc——OH TFAH

} EDC/HOBY

Boc

; TFA/CH,Cl,

18 a, Ala
b, Phe

TFAH
l BHy/THF

R? R2
| | 2 _
CHg-NH-CHCH,-NH-CHCHy-NH-CH(CHa), 198, R =CH,

b, R? = CH,Ph
lAczo or Ac,O/HCOH

R? R2

I l 8a,R'=H R*=CH;
CH3-N-CHCHy-N-CHCH,-N-CH(CHa)z

b,R'=CH; R®=CH,
¢, R' = H, R% = CH,Ph
7% R Y% R“Y0 d, R' = CHy, R? = CHoPh
was removed with trifluoroacetic acid. The resulting
AlaNHCH(CHj,); was successively coupled with BocAlaOH,
BocAlaOH, and Boc(NMe)AlaOH to give Boc(NMe)-
AlaAlaAlaAlaNHCH(CHj),. Afterreduction with borane
togive pentaamine, acylation furnished the desired model

BHy/THF
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Scheme VII
Preparation of Tetrameric Model Compounds 9a-d
(NMe)Ala Aa Aa Aa
o or or or
(NMe)Phe Phe Phe Phe  NHCH(CHa)
Boc—1—OH HCHH——0B2! Boc——OH H—
}Eocmom ‘EDC/HOB!
5 a 174, Ala
Boc 0Bzl Boc )
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208, Ala  Boc OH  Boc——OH TFAH
b, Phe
} Epcmoet
{Tmcuzcl,
AN 2149, Ala
o b, Phe
} ecmost
J TRACHCr,
TEAH
t BHyTHF
R? R? R? R?
228, R%aCH,
CH,-NH-J:HCH,-NH-&HCHz-NH-AHCHrNHvéHCHg-NH-CH(CH;)g b, F o GHPh

jAopor AcOMCOH

Tz R2 R2 R?
CHrN-CHCHrN‘éHCHg-N-&HCHrN-&HCHrN-CH(CH;)g

R"LO n"Lo a"Lo m/Lo m/Lo

compounds 9a—-d. These second, third, and fourth classes
of model compounds (7a-d, 8a—d, 9a-d) showed compli-
cated NMR patterns because of cis-trans isomerism of
the amide groups.

98,R' - H,RP=CHy
b, R' = CHy, R% = CH,
¢, R' = H,R? s CHyPh
d, R = CHy, A « CHoPh

R? R?
| I
CH3-N-CHCH,CH, CHy-N-CHCH,-N-CH(CHa)s

Rt O R! O R! o]

78,R' =H R¥=CH,
b,R' = CHy, R? = CH,
¢, R'=H, R?=CH,Ph
d,R" = CH,, R? = CH,Ph

6a,R' =H R =CH,
b, R' = CHy, R? = CH,

R R?
| |
CH3-N-CHCH,-N-CHCH,-N-CH(CHy),

R! O R! O R! O
8a,R'=H R®=CH,
b,R'=CHy, R%=CH,
¢, R' = H, R? = CHPh
d,R' = CHg, R? = CH,Ph

IRZ R? R2 R2

| f
CH, N-CHCHZ-N-CHCHZ-N-({HCHz-N-CHCHa-N-CH(CHa)z
R0 R SO R TO RO RO

9a,R'=H, R =CH,
b, R' = CHy, R*=CH,
¢,R'=H,R? = CHPh
d, R' a CHy, R? = CH,Ph

Turning to the CD spectra, Figure 3 shows the spectra
of the polymers and their model compounds at 20 °C. The
intensities of model compounds were normalized for the
number of chiral centers in each molecule. Several
interesting patterns were observed for these compounds.
The alanine polymers and their model compounds have
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(i) Formyl-Ala derivatives
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(i) Acetyl-Ala derivatives
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Figure 3. Circular Dichroism (CD) spectra of polymers and model compounds.

only one chromophore (the amide group) and give a broad
CD absorption. On the other hand, phenylalanine de-
rivatives have two chromophores (the amide and the
phenyl groups) and give at least two CD bands. Theacetyl
derivatives of the model compounds show positive Cotton
effects while formyl derivatives give negative Cotton
effects. These patterns are likely attributed to the
geometric conformational arrays of the model compounds.
In most of the cases the intensity increases with the
increasing number of chromophores. We were able toshow
that the polymers do not aggregate by measuring both the
polymers and model compounds at a concentration of 0.02,
0.1, and 0.5 mg/mL in hexafluoro-2-propanol. The CD
spectra of all compounds were the same at all concen-
trations over this range. Lastly and most importantly,
the CD spectra of polymers and tetrameric model com-
pounds gave the same shapes and same intensities. This
observation strongly supports our initial findings that

polymers and tetrameric model compounds have the same
conformations as established from our molecular me-
chanics calculations.? Conformational studies of the
polymers and model compounds using NMR spectroscopy
will provide important information about the preferred
conformations around the N-CHR,, C-C, and CH;-N
bonds in the backbone. Energy differences between the
rotational isomeric states around these bonds could be
estimated from the vicinal 'H-'H and 13C-1H coupling
constants.

Conclusions

The polymerization of optically active 2-oxazolines is
very sensitive to impurities. We have obtained 2-oxazo-
lines in pure form using ion-exchange resins. Theseroutes
were especially useful for low-boiling 2-0xazolines such as
4-methyl-2-oxazoline and 2,4-dimethyl-2-oxazoline. From
the CD spectra we have confirmed that the tetrameric
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model compounds and corresponding polymers have
similar chromophoric arrays and thus likely have similar
conformations. After completion of our NMR studies, we
hope to relate experimentally derived structures to those
calculated by flexible geometry energy calculations. Fol-
lowing these efforts we will begin to study these polymers
as novel biomaterials.

Acknowledgment. We wish to acknowledge the Na-
tional Science Foundation Grant DMR-8816326 that
supported thisresearch, We also express our appreciation
to Mr. Ziwei Huang for his help in this study.

References and Notes

(1) Bergmann, M.,; Brand, E. Chem, Ber. 1923, 56, 1280.

(2) (a) Witte, H.; Seeliger, W. Angew. Chem., Int. Ed. Engl. 1972,
11, 287. (b) Witte, H.; Seeliger, W. Ann. Chem. 1974, 996.

(3) Ito, Y.; Inubushi, Y.; Zenbayashi, M.; Tomita, S.; Saegusa, T.
J. Am. Chem. Soc. 1978, 95, 4447,

(4) (a) Wenker, H. J. Am. Chem. Soc. 1985, 57, 1079. (b) Leffler,
M. T.; Adams, R. Ibid. 1937, 59, 2252,

(5) (a) Wenker, H. J. Am. Chem. Soc. 1938, 60, 2152. (b) Bassiri,
T. G.; Levy, A.; Litt, M. J. Polym. Sci. B 1967, 5, 871.

(6) Saegusa, T.; Kobayashi, S.; Ishiguro, M. Macromolecules 1974,
7, 958.

(7) (a) Hamilton, J. G.; Ivin, K. J.; Kuan-Essig, L. C.; Watt, P.
Polymer 1976, 17, 656. (b) Hamilton, J. G.; Ivin, K. J.; Kuan-
Essig, L. C.; WAtt, P. Macromolecules 1976, 9, 67.

(8) Meyers, A.L; Knaus, G.; Katama, K.; Ford, M. E. J. Am. Chem.
Soc. 1976, 98, 567.

(9) Goodman, M.; Nishiuchi, Y.; Yamazaki, T. Polym. Prepr. (Am.
Chem. Soc., Div. Polym. Chem.) 1991, 427.

(10) Miyazawa, T. J. Polym. Sci. 1961, 55, 215.

(11) Hagler, A. T. In The Peptides; Udenfriend, S., Meisenhofer, J.,
Hruby, V., Eds.; Academic Press: Orlando, FL, 1985; Vol. 7, p
214.

Optically Active Polyoxazolines 6331

(12) Kolakowski, B. Acta Crystallogr. 1969, B25, 1669.

(13) Yokozeki, A.; Kuchitsu, K. Bull. Chem. Soc. Jpn. 1971, 44, 2926,

(14) Green, M. M.; Andreola, B.; Reidy, M. P. J. Am. Chem. Soc.
1988, 110, 4063.

(15) (a) Goodman, M.; Chen, S. Macromolecules 1970, 3, 398. (b)
Ibid. 1971, 4, 625.

(16) Eshaltggi, Y.; Kobatake, T.; Tadokoro, H. Macromolecules 1982,

(17) Kobayashi, S.; Saegusa, T. Ring-Opening Polymerization;
Elsevier Applied Science Publishers; New York, 1985; Vol. 2,
Chapter 11.

(18) lli‘é'agco, F.; Muchowski, J. M. J. Heterocycl. Chem. 1989, 17,

13.

(19) Chujo, Y.; Yoshifuji, Y.; Sada, K.; Saegusa, T. Macromolecules
1989, 22, 1074.
(20) Saegusa, T.; Ikeda, H.; Fujii, H. Macromolecules 1973, 6, 315,

Registry No. 1b, 53744-57-3; 1¢, 131830-49-4; 1d, 75866-71-
6; le, 75866-72-7; 2 (homopolymer), 58578-53-3; 2 (SRU), 53745-
65-6; 3 (homopolymer), 143731-76-4; 3 (SRU), 143509-95-9; 4
(homopolymer), 143509-91-5; 4 (SRU), 143509-94-8; § (ho-
mopolymer), 143509-92-6; 5 (SRU), 143509-93-7; 6a, 143546-56-
9; 6b, 143546-55-8; 7a, 143546-60-5; 7b, 143546-59-2; Tc, 143546-
62-7; 7d, 143546-61-6; 8a, 143546-70-7; 8b, 143546-68-3; 8¢,
143546-71-8; 84, 143546-69-4; 9a, 143546-83-2; 9b, 143546-81-0;
9c, 143546-84-3; 9d, 143546-82-1; 10a, 35593-62-5; 10b, 52485-
51-5; 11a, 143546-53-6; 11b, 143546-54-7; 12a, 61852-43-5; 12b,
64528-61-6; 13a, 16948-16-6; 13b, 37553-65-4; 14a, 77975-71-4;
14b, 143564-46-9; 16a, 143546-57-0; 16b, 143546-58-1; 17a, 84851-
02-5; 17b, 143546-63-8; 18a, 143546-64-9; 18b, 143546-65-0; 19a,
143546-66-1; 19b, 143546-67-2; 20a, 143546-72-9; 20b, 143546-
73-0; 21a, 143546-75-2; 21b, 143546-76-3; 22a, 143546-78-5; 22b,
143546-80-9; 23a, 143564-47-0; 238b, 143564-48-1; (S)-2-amino-
1-propanol, 2749-11-3; tert-butyl isocyanide, 7188-38-7; acetic
anhydride, 108-24-7; (S)-2-butylamine, 513-49-5; 2-propylamine,
75-31-0; (S)-2-amino-3-phenyl-1-propanol, 3182-95-4.



