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Cyclic polyamides consisting of 1,1’'-binaphthyls. ‘Chiral twist’ of
glycine residues ’
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Abstract: Two cyclic polyamides were prepared from glycine and 1,1’-binaphthyls, and
their structures have been determined by single-crystal X-ray analysis. Local conformations
of glycines are twisted when they are sandwiched between two (R)-1,1"-binaphthyls.
Glycines are stretched into planer conformations when they are placed between an (R)-
1,1'-binaphthyl and an (5)-1,1"-binaphthyl. Conformations of these two cyclic polyamides
in organic solvents and their interaction with other organic molecules are also discussed.
© 1997 Elsevier Science Ltd

Introduction

Intensive efforts have been devoted to restricting peptide conformation. Two of the most common
methods for this purpose are incorporation of amino acids into cyclic peptides’ and attachment of
amino acids to template molecules.? As a spacer, we came interested in the use of 1,1’-binaphthyl
group which is widely used as a chiral building block.® Here we report preparation and characterization
of cyclic polyamides 1a and 1b both of which consist of two glycine molecules and two chiral 1,1’-
binaphthyls.* A ‘chiral twist’ induced by chiral 1,1’-binaphthyls restricts the glycine conformation.
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Results and discussions

Cyclic polyamide 1a has been synthesized from glycine, (R)-2,2'-diamino-1,1'-binaphthalene,
and (R)-1,1’-binaphthalene-2,2’-dicarboxylic acid (Scheme 1). Boc-Gly was attached to (R)-2,2’-
diamino-1,1’-binaphthalene and then cyclized with (R)-1,1’-binaphthalene-2,2’-dicarboxylic chloride.
Similarly, 1b, a diastereomer of 1a, was prepared from (§)-enantiomer of the diamine.

In the solid state, the local conformations of the glycine residues are governed by the chirality of
the biaryl spacers. Shown in Figure 1 are ORTEP drawings for the crystal structures of 1a-(DMSO)
and 1b-(DMF); when they were recrystallized from DMSO-THF-hexane and DMF, respectively.
The representative bond lengths and dihedral angles are shown as captions. The structure of 1a is C,
symmetric and the two glycine units are twisted (#=67°; ¥=26° and $=76°; ¥=6°).5 An amide proton
of (R)-2,2'-diamino-1,1'-binaphthyl forms a hydrogen bond with one of the amide oxygen atoms of
the (R)-1,1’-binaphthalene-2,2'-dicarboxylic acid. The solvent DMSO is incorporated in the crystal by
a hydrogen bonding between one of the amide protons of the glycines and the oxygen atom of DMSO.

* Corresponding author. Email: nozaki@NPCO05.Kuic.Kyoto-u.ac.jp
t Deceased on 4 October 1995.
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Scheme 1.

In contrast, in 1b the two glycine residues are stretched into planar structure ($=153°; ¥=176° and
$=171°; ¥=175°). The conformation of polyamide 1b is almost C; symmetric. Two DMF molecules
are bound by intermolecular hydrogen bondings between amide protons of the ($)-2,2'-diamino-1,1"-
binaphthalene moiety and the oxygen atoms of the DMFs.

Next, the conformations of 1a and 1b in organic solvents were investigated on the basis of 'H and
13C NMR spectra. The two glycine residues of 1a are equivalent at 20°C in DMSO-ds and CDCl;
(Figure 2(a) and (b)). Similarly, the two naphthyls in each binaphthyl are equivalent. Thus, it is
suggested that cyclic polyamide 1a is in C; symmetric structure in these solvents.

In DMSO-dg, 1b also maintains its C; symmetry which was proven by NMR (Figure 3(a)). In
CDCls, the crystals of 1b-(DMF); are soluble (Figure 3(b)). After a few minutes, however, aggregation
of 1b occurred and precipitates appeared gradually. Shown in Figure 3(b) is a '"H NMR spectra of
1b-(DMF); in CDCl; which was taken before the precipitates appeared. Lower concentration of 0.01
M is employed to retard the aggregation. Interestingly, broadening was observed in the peak due to
one of the two methylene protons of each glycine unit.

From a 0.040 M solution of 1b-(DMF); in CHCls, 42% of the originally dissolved 1b was recovered
as precipitates by filtration through a glass filter G4 after 15 min at 20°C. Addition of a hydrogen
bond acceptor inhibited the self aggregation. For example, the recovery of 1b from the same solution
was reduced to 6.0% in 1 h in the presence of two mol amounts of Boc—Gly. From DMSO solution of
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Figure 1. Stereoviews of ORTEP drawings for (a) 1a-(DMSO) and (b) 1b-(DMF)3. Solvent molecules and the hydrogen

atoms not involved in the discussion are omitted. Hydrogen bondings are shown as dotted lines. (a) Co~N;-Cx;-C; 66.6(9),

N1—Cox;—C)-Nz 26.4(7), Co'-Ni'-Cety’-C)’ 75.7(9), N}'-Cax;’~C)’-N2”" 6.1(8), H (attached to N)-O (attached to Cy')

2.26. P2,2,2|, Z=4, a=18.0341(42) A, b=28.3709(97) A, c=9.1861(23) A, V=4700(2) A3. (b) Co-N;-Cax;-C; 153(1), Ni-

Cat;-C1-N; 176(1), Co'-Ny'—Cot;'—Cy” 171(1), Ni'—Cot;'—C1’-Na” 175(1). P212,2,, Z=6, a=14.780(8) A, b=29.279(7) A,
c=11.327(7) A, V=4901(4) A3.
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Figure 2. 'H NMR spectrum of la-(DMSO) in (a) DMSO-ds (0.01 M) and (b) CDCl3 (0.01 M). In both charts, the
methylene of each glycine residue and the two naphthyls in each binaphthyl group are equivalent.
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Figure 3. 'H NMR spectrum of 1b-(DMF); in (a) DMSO-d; (0.01 M) and (b) CDCl; (0.01 M). In both charis, the methylene
of each glycine residue and the two naphthyls in each binaphthyl group are equivalent. Peak broadening is observed for one
of the two methylene protons of each glycine residue in (b).

Figure 4. IR spectra of (a) 1b-(DMF); complex and (b) precipitate of 1b from CHCl3. In the region of 3400-3300 cm™l,
two sharp amido N-H stretching bands are observed in (a) due to the two different types of amides (ArCONHCox~— and
—CoCONHATr) while those are broadened in (b).

1b, no precipitate was observed. In contrast to these results with 1b, no precipitate appeared from the
1a solution in CHCI; even after 24 h. Because the glycine residues of 1b are in planar conformations
in the solid state, such B-sheet-type intermolecular hydrogen bonding® may be responsible for the
aggregation. In fact, infrared spectrum of this aggregate suggests that the amide protons are involved
in random hydrogen bondings. That is, the sharp amide-proton peaks observed in the crystal form of
1b-(DMF); (Figure 4(a)) broadened in the aggregate (Figure 4(b)).

Interactions of cyclic polyamides 1a and 1b with some organic molecules were investigated in
CDCl; by 'H NMR. When a racemic mixture of methyl phenyl sulfoxide was mixed with 1a-(DMSO)
in CDCl3, a split was observed for the singlet due to the methyl group of methyl phenyl sulfoxide
(Figure 5(a)). Accordingly, 1a worked as a shift reagent to separate the peaks of enantiomers. Similar
phenomenon was observed with 1b-(DMF); (Figure 5(b)). Addition of 1a-(DMSO) to a CDCl;
solution of Ac—Gly~Gly—OEt changed the chemical shift of either ACNHCH,CONHCH,COOEt or
AcNHCH,CONHCH,COOEt (Figure 6). Both of these interactions suggest the possible utilization of
cyclic polyamides 1a and 1b for molecular recognitions.

In this study, two cyclic polyamides 1a and 1b have been synthesized and their conformations in
solid have been revealed. Their behaviors in solution were also investigated.
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Figure 5. 'H NMR spectra of the methyl group of methyl phenyl sulfoxide (0.01 M in CDCl) in the presence of (a)
1a-(DMSO) (0.01 M) and (b) 1b-(DMF); (0.01 M).
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Figure 6. 'H NMR spectra of the underlined methylene groups of AcNHCH,CONHCH,COOEt (0.01 M in CDCl;) in the
presence of 1a-(DMSO). (a) without 1a-(DMSQ), (b) 0.006 M of 1a-(DMSO) and (c) 0.020 M of 1a-(DMSO).

Experimental section
Preparation of la and 1b

Boc-Gly (4.46 mmgl) was coupled with isobutyl chloroformate (4.05 mmol) in the presence of
N-methylmorpholine (4.05 mmol) in dry THF (20 mL) at —15°C. To the solution was added (S)-
2,2'-diamino-1,1’-binaphthalene (2.03 mmol) and the mixture was stirred at —15°C for 25 min and
at 20°C for 19 h. After aqueous workup, the resulting Boc—Gly-(S)-1,1’-binaphthyl-2,2’-diamine was
recrystallized from CH,Cly/hexane (1/1) (94% yield). (R)-1,1’-Binaphthalene-2,2’-dicarboxylic acid’
(2.03 mmol) was dissolved in thionyl chloride (10 mL) and stirred at reflux temperature for 10 h.
After removal of the volatile components, the residue was mixed with Gly-(S)-1,1’-binaphthyl-2,2’-
diamine-CF;COOH (2.03 mmol) and triethylamine (16.0 mmol) in chloroform (100 mL) and the
mixture was stirred at 20°C for 45 h. After workup, the product was purified by column chromatography
on silica gel (EtOAc/hexane=3/1). Reprecipitation from DMSO-ether gave 1b in 30% overall yield.
mp (DMSO-ether) 319.5-319.8°C (decomp.). [x]pZ —13.1 (c 1.0 DMSO). '"H NMR (DMSO-d¢) 8
9.33 (s, 2H), 7.92-7.69 (m, 12H), 7.51 (s, 2H), 7.37-7.26 (m, 4H), 7.10-7.01 (m, 4H), 6.81 (d, 2H,
J=8.25 Hz), 6.73 (d, 2H, J=8.25 Hz), 3.74-3.57 (m, 4H); 1*C NMR (DMSO-ds) & 168.45, 134.32,
133.87, 133.30, 133.19, 132.74, 132.54, 131.02, 127.94, 127.78, 127.39, 127.21, 126.74, 126.31,
126.24, 125.93, 125.75, 125.37, 124.98, 124.50, 123.90, 42.45. Anal. Found: C, 74.01; H, 4.82; N,
7.47. Calcd. for 1b-(DMSO): C, 73.64; H, 4.89; N, 7.16. 1a was prepared analogously in 54% overall
yield. 1a: mp (DMSO-ether) 257.0-257.9°C (decomp.). [¢]p?*+3.6 (c 1.0 CHCl3). "H NMR (CDCl3)
6 8.17-7.83 (m, 14H), 7.59-7.00 (m, 12H), 6.06 (dd, 2H, J=7.26, 4.95 Hz), 3.50 (dd, 2H, J=15.18,4.95
Hz), 3.36 (dd, 2H, J=15.18, 7.26 Hz); '*C NMR (CDCl;) 8 169.31, 168.05, 134.61, 134.09, 133.46,
132.94, 132.76, 132.38, 131.61, 129.42, 129.25, 128.59, 128.10, 127.66, 127.01, 126.69, 126.09,
125.84, 125.61, 123.76, 123.68, 123.27, 45.09. Anal. Found: C, 75.50; H, 4.57; N, 7.48. Calcd. for
1a-(DMSO)ps: C, 75.89; H, 4.74; N, 7.53.
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Self aggregation of 1b in CHCl;

‘When the 1b-DMF complex was dissolved in CHCl; (1 mL) at 20°C, precipitates gradually appeared.
The precipitates were collected in 15 min by filtration using a glass filter (G4) and dried in vacuo to
give solvent free 1b in 42% (11.9 mg, 0.0169 mmol).
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