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4. HOAT TINH KHANG SINH CUA CAC PEPTIT

% vrc ché cac chiing vi sinh vit va nim Kkiém dinh
Té | Gia Gram (+) Gram (-) Nam
¥ " trl Staphyloc | Bacillu Laf:tobac Salmon Escheri Pseudom Candid
ma | (ng/ illus ella . onas
u ml) occus S fermentu | enteric Chuf aerugino “
aureus subtilis coli albican
m a sa
1 | Pep | 128 85 100 20 0 64 21 94
titl | 32 25 10 0 0 7 5 5
8 6 0 0 0 0 0 0
2 0 0 0 0 0 0 0
ICso | 72,0+£3,06 | 74,67+ >128 >128 | 104,42+ >128 80,54+
3,12 5,25 4,61
MIC >128 128 >128 >128 >128 >128 >128
2 | Pep | 128 21 0 15 0 0 10 4
tit2 | 32 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
1Cso >128 >128 >128 >128 >128 >128 >128
MIC >128 >128 >128 >128 >128 >128 >128
Pep | 128 24 10 0 14 0 8 0
tit3 | 32 5 0 0 0 0 0 0
8 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
1Cso >128 >128 >128 >128 >128 >128 >128
MIC >128 >128 >128 >128 >128 >128 >128
Pep | 128 32 15 6 0 0 5 0
tit4 | 32 8 0 0 0 0 0 0
8 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
1Cso >128 >128 >128 >128 >128 >128 >128
MIC >128 >128 >128 >128 >128 >128 >128







4-B dit liéu cAu trac tinh thé

Peptit 1 Peptit 2

Peptit 3 Peptit 4

Hinh: Hinh anh dién tich cta cac phan tir Peptit



5- Bang dir liéu va danh gia vé cac tuong tac

Bang 1 : Cac twong tac trong ciu trac tinh thé cua Peptit 1

D-H--A D(MD-H) | d(H-A) | d(D+A) | D-H-
N> — Hp---O5' 0.88 2.12 2.873(16) 143
N4 — Hy 02 0.88 2.03 2.887(16) 163
N —Ha Ny 0.88 2.47 2.815(17) 104
Css — Haan---Ogl 0.99 2.58 3.21(2) 121
Css — Hasp - -Os' 0.99 2.70 3.38(2) 126

Symmetry code : (i) _?1 +x, %—y, l-z; (1) -1+ x,p,z

Bang 2 : Céc tuong tic trong ciu triic tinh thé cia Peptit 2

D-H- A d(D-H) | d(H-A) | d(DA) |D-H-
O11 — Hiis ++O1o 0.869 2.15 2.899(6) 144
O11 —Hiia 07 0.872 2.03 2.803(6) 147
Ca9 — Hao'-O11' 0.950 2.56 3.333(7) 139
Ns — Hs---Os 0.880 2.04 2.891(4) 162
Nz — Hp---O5'l 0.879 2.12 2.867(4) 143
Cé — Hoa--Oa 1.000 2.67 3.648(5) 165
Cs—Hac - O4 0.980 2.55 3.480(4) 159
Ca7— Ha7 - 09 0.950 2.41 3.327(5) 162
Ci—Hip - O7 0.979 2.58 3.032(5) 108




Ci—Hic - 07" 0.981 2.63 3.032(5) 105

. 1 3 o —1 3 oo 1 3 . 1 3
Symmetry code : (i) -x, PN PR (i1) - X%, 1-z ; (iii) PRLIR S I-z; (v) 1 —x, S5
—z;(v)x, 1+y,z

Bang 3: Cac twong tac trong céu truc tinh thé cua Peptit 3

D_H A D_H H-A 1D A D_H A
Ns — Hs---Os 0.88 2.07 2.923(3) 162
Ne — He -+ Og 0.88 2.42 3.233(3) 154
Co—Hoy'--O2s 0.95 2.35 3.270(18) 164
C21 — Ha+-03 0.95 2.44 3.352(4) 161
Css—Hssa"Os | 0.99 2.51 3.171(4) 124
Ca3 —Haz 04 0.95 2.59 3.443(4) 149
Ni—H;---O4 0.88 2.01 2.865(3) 163
Cis —Higs--O10' | 0.98 2.46 2.913(16) 108
Cso—Hzo---Os'' | 0.95 2.46 3.222(4) 137
Css — Hasg--07Y | 0.99 2.39 3.228(4) 142
Cs» — Hsop--O10" | 0.98 2.60 3.559(5) 166
O —Hia-0s | 0.87 2.48 3.136(6) 133
Ciz—Hiz-—-0nY | 0.95 2.52 3.155(7) 124

Symmetry code (i) 1/2-x,1/2+y,1-z ; (1) 1-x,p,1-z ; (1) x,-1+y,z ; (iv) 1/2-x,-12+y,-z ; (V) 1-x,),-
z; (vi) Ya=x, -1/2+y, 1-z

Bang 4 : Cac twong tac trong cdu tric tinh thé Peptit 4



D-H- A d(D-H) | d(H-A) | d(D-A) |D-H
N2 —Hz--0O4 0.86 2.00 2.857(6) 179
Ni—H;---O4 0.86 2.02 2.870(6) 170
Css — Haap - 0ol 0.96 2.71 3.387(2) 128

Symmetry code (i) -x, 2+ y, Y2 -z;(11) 2 +x,3/2 -y, -z

6-Két qua cong bd
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The synthesis and crystal structure of peptide 6,6’'-dimethyl biphenyl hybrid are

described. The title compound was synthesized by reaction between 6,6'-
Edited by L. Van Meervelt, Katholieke Universi- - {imethyl-[1,1’-biphenyl]-2,2-dicarbonyl dichloride in CH,Cl,, amine HN-
feit Leuven, Belgium proline—phenylalanine—alanine-COOMe and Et;N at 273 K under N, atmo-
sphere and characterized by single-crystal X-ray diffraction. The asymmetric
unit contains one peptide molecule and a quarter of a water molecule. A
disorder of a methyl and methoxycarbonyl group of one alanine residue is
CCDC reference: 2026794 observed with occupancy ratio 0.502 (6):0.498 (6). The structure is consolidated

by intra- and intermolecular hydrogen bonds.

Keywords: crystal structure; hydrogen bonding;
peptide dimethyl biphenyl hybrids; Pro-Phe-Ala.

Supporting information: this article has
supporting information at journals.iucr.org/e

1. Chemical context

Since the first application in 1922 of peptides in the treatment
of diabetes with insulin (Banting et al., 1922), the chemistry of
peptides has become a very important domain in the search of
new therapeutic drugs. From 2011 to 2018, the global market
of drugs has increased from US $ 14.1 to 24.4 billion. With
more than 140 peptides in clinical trials, the number of
peptide-based drugs is expected to grow significantly
(Fosgerau et al., 2015). Despite their tremendous potential,
applications of peptides for pharmaceutical purposes are
limited by their instability toward enzymatic systems, short
half-life, rapid renal clearance, and formulation challenges
(Otvos et al, 2014). These problems can be overcome by
modifying the linear peptide to enhance the stability and
therefore the selectivity and affinity. The biphenyl structure is
present in numerous pharmaceuticals and bioactive
compounds, as illustrated by the glycopeptide antibiotic
vancomycin, the proteasome inhibitor TMC-95A (Kaiser et
al.,2004) and arylomycins (Schimana et al., 2002). A statistical
analysis of NMR data indicates that compounds containing
the biphenyl structure can bind a wide range of proteins with
high levels of specificity (Hajduk et al., 2000). Coupling of a
small protein chain to the biphenyl structure is a strategy to
create a new family of peptidomimetic compounds, which can
be used in medicinal chemistry because of its specific confor-
mation and its particular hydrogen-bonding interactions.

The synthesis and biological activity as calpain inhibitor of
peptide-biphenyl hybrids type I have been reported by
Montero and Mann (Montero et al., 2004a,b; Mann et al.,
2002). Amine et al. (2002) synthesized a bis amido—copper(II)
complex from N-containing tetradentate ligands having two

® amido groups with a biphenyl skeleton, which is used as a
OPEN @ ACCESS DNA cleaving agent. Recently, we have reported crystal-
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lographic studies of a peptide-biphenyl hybrid A (Fig. 1) with
tripeptide Pro—Phe—Ala (Le et al., 2020).

TR

0.25H,0

We report herein the synthesis and crystallographic study of
a peptide-2,2’-biphenyl B (Fig. 1) with the introduction of two
methyl groups at the 6-6" positions to prevent free rotation
around the central aryl-aryl bond.

2. Structural commentary

The compound dimethyl 2,2'-[((25,2'S)-2,2'-{[(2S,2'S)-1,1"-
(6,6’-dimethyl-[1,1"-biphenyl]-2,2’-dicarbonyl)bis(pyrrolidine-
1,2-diyl-2-carbonyl)]bis(azanediyl)}bis(3-phenylpropanoyl))-
bis(azanediyl)](2S,2'S)-dipropionate (Fig. 2) crystallizes in the
monoclinic space group C2 with one molecule of peptide
biphenyl hybrid accompanied by a quarter of a water molecule
in the asymmetric unit. Two methyl groups have been intro-
duced to the biphenyl rings at the 6,6’ position in order to limit
the rotation of the two central phenyl rings in solution. In the
solid state, the dihedral angle between biphenyl rings C20-C25
and C27-C32 is 73.8 (3)°. However, this value is similar to that
of a previous compound not bearing the methyl groups
(CsoHs6NO10:0.5H,0; Le et al., 2020). A disorder of a methyl
and methoxycarbonyl group of alanine is observed in the
crystal structure and was refined with an occupancy ratio of
0.502 (6):0.498 (6).

The backbone conformation of the two tripeptide fragments
is characterized by the torsion angles w, ¢, ¥ (see Table 1). The
torsion angles ¢ and Y of amino acids Alal, Ala2, Phe2
correspond with the usual a-helix (right-handed) region of the
Ramachandran plot, and only the torsion angles of amino acid
Phel fall into the corresponding type B-sheet Ramachandran
plot region. For both prolines, the related torsion angles lie in
the « region of the Ramachandran plot for proline.

There are six intramolecular hydrogen bonds formed in the
structure of the title compound (Table 2). Two hydrogen
bonds are formed between the NH and CO groups with H- - -O
distances of 2.07 A for NS—HS ---O5 and 2.42 A for N6—
H6- - -O6. The latter value is noticeably longer than the values
observed (from 2.04 to 2.29 A) in other reported peptides
(Ranganathan et al., 1997; Le et al., 2020). Four other intra-
molecular bonds are formed between CH and CO groups with
distances from 2.35 to 2.59 A.

Figure 1
Peptide-biphenyl hybrids A and B.

Table 1

Backbone torsion angles w, ¢, ¥ (°) for the two tripeptide fragments.
C20—C19—N3—-C15 178.3 (2) C32—C34—N4—-C38 —164.6 (2)
C19—N3—-C15—C14 —73.4 (3) C34—N4—-C38—C39 —69.1 (3)
N3—-C15—C14—N2 —-175 () N4—-C38—C39—N5 —14.4 (4)
C15—C14—N2—-C6 176.5 (2) C38—C39—N5—-C40 —1772(2)
Cl14—N2—C6—C5 —163.0(2)  C39—N5—C40—C48  —106.8 (3)
N2—C6—C5—N1 1714 (2)  N5—C40—C48—NG6 18.6 (3)
C6—C5—N1—-C3 —174.8 (3) C40—C48—N6—C49 179.1 (2)
C5—N1-C3—-C2B —58.0 (5) C48—N6—C49—-C51 —60.9 (3)
N1-C3-C2B—02B  —39.6(13) N6—C49—C51—09 —35.0 (4)

3. Supramolecular features

In the crystal, the packing is characterized by N—H---O, O—
H---O and C—H- - -O hydrogen bonding (see Table 2, Fig. 3).
The strongest intermolecular interaction is formed between
NH and CO groups of two neighboring peptide residues [N1—
H1---O4, with d = 2.01 A; symmetry code: (i) 1 — x, 1 + y,
1 — z]. Furthermore, there are six additional hydrogen bonds
linking the molecules. Two contacts are established between
the water molecule and two tripeptides (O11—HI11A---O8;
C13— H13---011). Four C—H- - -O=C contacts with H---O
distances ranging from 2.39 to 2.60 A further consolidate the
crystal packing. In addition, the molecules are linked by two
intermolecular C—H - - -7 interactions, one between a proline
H atom and the phenyl ring of a phenylalanine residue, the
other between a H atom of the disordered methyl group and a
phenyl ring of the central biphenyl fragment.

Figure 2

A view of the molecular structure of the title compound showing
displacement ellipsoids drawn at the 50% probability level and hydrogen
bonds (dashed lines) within the asymmetric unit. H atoms are shown as
small circles of arbitrary radii.
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Table 2 .
Hydrogen-bond geometry (A, °).

Cg3 and Cg5 are the centroids of the C8-C13 and C27-C32 rings, respectively.

D—H---A D—H H--A D---A D—H---A

N5—H5---05 0.88 2.07 2.923 (3) 162

N6—H6. - -06 0.88 2.42 3.233 (3) 154
C9—HY---O2B 0.95 2.35 3270 (18) 164
C21—H21---03 0.95 2.44 3.352 (4) 161
C35—H354. --05 0.99 2.51 3.171 (4) 124
C43—H43---04 0.95 2.59 3.443 (4) 149
N1—HI--.04' 0.88 2.01 2.865 (3) 163
C1B—HI1BB---010" 0.98 2.46 2913 (16) 108
C30—H30- - -08" 0.95 2.46 3.222 (4) 137
C35—H35---07" 0.99 2.39 3.228 (4) 142
C52—H52B---010" 0.98 2.60 3.559 (5) 166
O11—H11A4.--08 0.87 2.48 3.136 (6) 133
C13—H13.--011" 0.95 2.52 3.155 (7) 124
C36—H36B- - -Cg3" 0.99 2.94 3.845 (4) 152

C4A—HAAC---Cg5"  1.05(8)  293(7)  3.770(8) 135 (5)

Symmetry codes: (i) —x+3,y+31 —z+1; (ii) —x+1,y, —z + 1; (iii) x,y — 1, z; (iv)
—x+Ly—L-u ) —x+1y, -z M) —x+Ly—j—z+ L i) xy+1z

4. Database survey

A search of the Cambridge Structural Database (version 5.41
with update of March 2020; Groom et al., 2016) for peptide—
dimethyl biphenyl hybrids was conducted. There are seven
dimethyl biphenyl hybrid structures with only one amino acid,
including JITYET (Linden & Rippert, 2018a), JITZEU
(Linden & Rippert, 2018b), JITYOD (Linden & Rippert,
2018¢), NOSPUG & NOSQAN (Weigand & Feigel, 1998),
PITSUJ (Linden et al., 2018d) and NIKJOI (Samadi et al.,
2013). For these structures the dihedral angles between the
dimethyl biphenyl rings varies from 82.0 to 95.8° larger than
the corresponding angle of the title compound.

5. Synthesis and crystallization

To a round-bottom flask was added 6,6'-dimethyl-[1,1"-
biphenyl]-2,2’-dicarboxylic acid (1 eq.) and SOCI, (3 eq.)
respectively under a nitrogen atmosphere. The mixture was
heated under reflux for 4 h and was then evaporated under
vacuum. The acid chloride was used in the next step without
further purification.

c|

i

Figure 3
Crystal packing of the title compound, indicating some intermolecular
hydrogen bonds (dashed lines).

Table 3
Experimental details.

Crystal data

Chemical formula

M,

Crystal system, space group
Temperature (K)

a, b, c(A)

B ()

V(AY)

VA

Radiation type

p (mm~)
Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Tmin7 Tmax

No. of measured, independent and
observed [I > 20()] reflections

Rim

(sin /M) max (A7)

Refinement

R[F? > 20(F%)], wR(F?), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

Apmax, Apmin (e A73)
Absolute structure

Absolute structure parameter

Cs,HgoNeO10-0.25H,0

933.56

Monoclinic, C2

100

27.505 (3), 12.3814 (12),
14.6346 (14)

99.999 (3)

4908.2 (8)

4

Mo Ka

0.09

03 x 0.2 x 0.1

Bruker D8 Quest CMOS

Multi-scan (SADABS-; Bruker,
2013)

0.713, 0.745

84318, 9371, 7959

0.062
0.611

0.038, 0.086, 1.06

9371

693

4

H atoms treated by a mixture of
independent and constrained
refinement

0.28, —0.16

Flack x determined using 3323
quotients [(I")—(I7))/[(I")+(I7)]
(Parsons et al., 2013)

—0.1 (3)

Computer programs: APEX22 and SAINT (Bruker, 2013), SHELXT (Sheldrick, 2015a),
SHELXL (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009).

To a round-bottom flask was added amine HN-proline—
phenylalanine-alanine-COOMe (1 eq.), EtN (2 eq.) and
anhydrous CH,Cl, (50mL). To this solution was added a
solution of  (6,6'-dimethyl-[1,1’-biphenyl]-2,2’-dicarbonyl
dichloride in CH,Cl, at 273 K under an N, atmosphere. After
completion of the reaction, the mixture was washed with 1 N
HCI solution, water and a solution of brine, respectively. The
organic phase was dried over Na,SO,, filtered and evaporated
under reduced pressure. The crude product was then purified
by flash chromatography (AcOEt/hexane 3:2) to give a white
solid (60% yield). The compound was recrystallized by slow
evaporation in methanol to give crystals suitable for X-ray
diffraction.

6. Refinement

Crystal data, data collection and structure refinement details
are summarized in Table 3. The methyl and methoxycarbonyl
groups of alanine show two conformations with refined
occupancy factors converging to 0.502 (6) and 0.498 (6).
Geometrical restraints were applied to the disordered atoms.
H atoms were placed at calculated positions (C—H = 0.95-
108 A and N—H = 0.88 A), with isotropic displacement

Acta Cryst. (2020). E76, 1675-1678
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parameters Ujo(H) = 1.5U.(C) for methyl H atoms and
1.2U.4(C,N) for all other H atoms. The solvent water molecule
is disordered and was refined with a site occupation factor
fixed to 0.25. The H atoms of the water molecule were located
in difference-Fourier maps and refined in riding-model
approximation with Ujo(H) = 1.5U4(O).
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Synthesis and crystal structure of peptide dimethyl biphenyl hybrid

C52H60N6010'0.25 Hzo

Xuan Tu Nguyen, Thuy Quynh Le, Tra My Bui Thi, Dinh Hung Mac and Thai Thanh Thu Bui

Computing details

Data collection: APEX22 (Bruker 2013); cell refinement: SAINT (Bruker, 2013); data reduction: SAINT (Bruker, 2013);
program(s) used to solve structure: ShelXT (Sheldrick, 2015a); program(s) used to refine structure: SHELXL (Sheldrick,

2015b); molecular graphics: OLEX2 (Dolomanov et al., 2009); software used to prepare material for publication: OLEX?2

(Dolomanov et al., 2009).

Dimethyl 2,2'-[((2S,2'S)-2,2'-{[(2S,2'S)-1,1'-(6,6'-dimethyl-[1,1'-biphenyl]-2,2'-dicarbonyl)bis(pyrrolidine-1,2-
diyl-2-carbonyl)]bis(azanediyl)}bis(3-phenylpropanoyl))bis(azanediyl)1(2S,2’S)-dipropionate

Crystal data

C52H60N6010’0.25H20
M,=933.56
Monoclinic, C2
a=27.5053) A
b=12.3814(12) A
c=14.6346 (14) A
B=99.999 (3)°

V' =14908.2 (8) A3
Z=4

Data collection

Bruker D8 Quest CMOS
diffractometer

¢ and w scans

Absorption correction: multi-scan
(SADABS-; Bruker, 2013)

Toin = 0.713, Ty = 0.745

84318 measured reflections

Refinement

Refinement on F?

Least-squares matrix: full
R[F?>20(F?)]=0.038

wR(F?) =0.086

§=1.06

9371 reflections

693 parameters

4 restraints

Primary atom site location: dual

F(000) = 1986

Dy=1.263 Mgm™

Mo Ka radiation, 1 =0.71073 A

Cell parameters from 9371 reflections
0=2.8-258°

4 =0.09 mm™!

T=100K

Needle, clear light colourless

0.3 x0.2 x0.1 mm

9371 independent reflections
7959 reflections with 7> 2a([)
Rine=0.062

Ormax = 25.8°, Opmin = 2.8°
h=-33-33

k=-15—15

[=—-17—17

Hydrogen site location: mixed

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[c*(F,?) + (0.0359P)* + 2.1291P]
where P = (F2 +2F2)/3

(A/6)max < 0.001

Aprmax = 0.28 ¢ A7

Apmin=—0.16 ¢ A7
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Special details

Absolute structure: Flack x determined using
3323 quotients [(I")-(I)]/[(I")+()] (Parsons et

al., 2013)

Absolute structure parameter: —0.1 (3)

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate

(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uio™/Ueq Occ. (<1)

05 033318 (6) 037671 (15) 0.30911 (12) 0.0262 (4)
04 0.25033 (7) 0.41245 (17) 0.49754 (15) 0.0367 (5)
06 037283 (7) 0.35432 (16) 0.07943 (13) 0.0314 (4)
N3 0.36969 (8) 0.32535 (18) 0.45153 (14) 0.0252 (5)
N2 032176 (8) 0.50351 (19) 0.50273 (15) 0.0291 (5)
H2 0.3537 0.4960 0.5038 0.035*

07 0.25946 (8) 0.5451 (2) ~0.00116 (15) 0.0531 (6)
03 0.38550 (8) 0.64671 (17) 0.4803 (2) 0.0552 (7)
09 0.40799 (7) 0.7684 (2) 0.02936 (16) 0.0536 (7)
N1 033544 (8) 0.7906 (2) 0.48045 (17) 0.0351 (6)
H1 0.3070 0.8150 0.4917 0.042%*
N5 0.29721 (8) 0.50901 (18) 0.14594 (15) 0.0277 (5)
H5 0.3085 0.4583 0.1862 0.033*
N4 0.29975 (8) 0.2897 (2) 0.10755 (15) 0.0302 (5)
02A 0.4152 (8) 0.8404 (16) 0.5865 (9) 0.052 (4) 0.498 (6)
010 0.47865 (9) 0.8022 (2) 0.12726 (19) 0.0665 (8)
C19 037162 (9) 035712 (19) 0.36445 (17) 0.0221 (5)
08 0.36763 (10) 0.74704 (19) 0.2248 (2) 0.0667 (8)
N6 0.38529 (8) 0.6049 (2) 0.14123 (16) 0.0335 (5)
Hé6 0.3742 0.5463 0.1106 0.040%*
€20 0.42128 (9) 0.3761 (2) 0.33809 (17) 0.0224 (5)
Cl4 0.29481 (10) 0.4139 (2) 0.49355 (18) 0.0277 (6)
22 0.49273 (10) 0.4901 (2) 0.34994 (19) 0.0300 (6)
H22 0.5116 0.5499 0.3769 0.036%*
C21 0.44813 (10) 0.4663 (2) 0.37539 (19) 0.0264 (6)
H21 0.4355 0.5113 0.4184 0.032*
C39 0.27589 (10) 0.4803 (3) 0.05996 (19) 0.0336 (7)
C34 0.34964 (10) 0.2867 (2) 0.11713 (18) 0.0292 (6)
€25 0.43896 (10) 0.3099 (2) 0.27349 (17) 0.0264 (6)
Cls 0.32173 (10) 0.3090 (2) 0.48016 (18) 0.0290 (6)
H15 0.3004 0.2638 0.4327 0.035%*
€23 0.50992 (10) 0.4261 (2) 0.2846 (2) 0.0339 (7)
H23 0.5403 0.4441 0.2659 0.041*
C32 0.37479 (11) 0.1926 (2) 0.1698 (2) 0.0342 (7)
Cs 0.34545 (10) 0.6858 (2) 0.4894 (2) 0.0362 (7)
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C42
C8
C18
HI8A
HI18B
C24
C6
H6A
C28
C38
H38
C27
C7
H7A
H7B
C40
H40
C48
C51
C41
H41A
H41B
C49
H49
C31
H31
C17
HI7A
H17B
C43
H43
C26
H26A
H26B
H26C
C35
H35A
H35B
C9
H9
C30
H30
C36
H36A
H36B
C44
H44
Cl6

0.22491 (12)
0.32288 (11)
0.41107 (10)
0.4391
0.4228
0.48386 (10)
0.30370 (9)
0.2743
0.43711 (12)
0.27062 (10)
0.2789
0.41520 (10)
0.28776 (10)
0.2831 (11)
0.2561 (12)
0.30215 (11)
0.2820
0.35480 (12)
0.44291 (12)
0.27949 (12)
0.2962
0.2848
0.43632 (11)
0.4534
0.35836 (13)
0.3315
0.38721 (11)
0.3879
0.4040
0.20546 (13)
0.2267
0.50273 (12)
0.5078
0.5341
0.4785
0.26820 (12)
0.2818
0.2648
0.36689 (11)
0.3753
0.38083 (14)
0.3697
0.21906 (12)
0.2182
0.1912
0.15538 (13)
0.1427
0.33427 (11)

0.6148 (3)
0.5941 (3)
0.2861 (3)
0.3375
0.2143
0.3365 (2)
0.6123 (2)
0.6231
0.1101 (2)
0.3606 (3)
0.3459
0.2032 (2)
0.6356 (3)
0.715 (3)
0.604 (3)
0.6212 (2)
0.6644
0.6626 (2)
0.7469 (3)
0.6391 (2)
0.5918
0.7150
0.6369 (3)
0.6375
0.0900 (2)
0.0830
0.2796 (3)
0.3506
0.2256
0.5304 (3)
0.4876
0.2713 (3)
0.1962
0.3018
0.2737
0.2261 (3)
0.2267
0.1504
0.6476 (3)
0.7096
~0.0007 (3)
-0.0703
0.2852 (3)
0.3463
0.2358
0.5070 (3)
0.4490
0.2449 (3)

0.2431 (2)
0.6886 (2)
0.52286 (19)
0.5316
0.5062
0.24582 (19)
0.5111 (2)
0.4612
0.2858 (2)
0.03950 (19)
~0.0232
0.2421 (2)
0.6048 (2)
0.610 (2)
0.606 (2)
0.1744 (2)
0.1237
0.1841 (2)
0.1020 (2)
0.2612 (2)
03116
0.2818
0.1441 (2)
0.2103
0.1390 (2)
0.0888
0.6093 (2)
0.6406
0.6538
0.2867 (2)
0.3304
0.1714 (2)
0.1920
0.1604
0.1139
0.1605 (2)
0.2278
0.1386
0.7211 (3)
0.6890
0.1809 (3)
0.1592
0.1399 (2)
0.1833
0.1441
0.2676 (2)
0.2990
0.5705 (2)

0.0393 (7)
0.0368 (7)
0.0355 (7)
0.043*
0.043*
0.0326 (7)
0.0303 (6)
0.036*
0.0382 (7)
0.0348 (7)
0.042*
0.0306 (6)
0.0360 (7)
0.043*
0.043*
0.0344 (7)
0.041*
0.0395 (7)
0.0465 (8)
0.0403 (7)
0.048*
0.048*
0.0381 (7)
0.046*
0.0456 (8)
0.055*
0.0461 (8)
0.055*
0.055*
0.0406 (8)
0.049*
0.0459 (8)
0.069*
0.069*
0.069*
0.0403 (8)
0.048*
0.048*
0.0515 (9)
0.062*
0.0563 (10)
0.068*
0.0492 (9)
0.059*
0.059*
0.0488 (9)
0.059*
0.0434 (8)
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HI6A
H16B
C29
H29
C33
H33A
H33B
H33C
C37
H37A
H37B
C50
HS50A
H50B
H50C
C13
HI13
C3
H3A
H3B
C45
H45
C47
H47
C52
H52A
H52B
H52C
Cl11
HI11
C10
H10
C12
HI12
C46
H46
OIB
Cl1A
HIAA
HIAB
HIAC
C4A
H4AA
H4AB
H4AC
C2B
Ol1
HITA

0.3324
0.3117
0.41922 (14)
0.4339
0.48036 (13)
0.5112
0.4807
0.4771
0.21720 (11)
0.1941
0.2070
0.46145 (12)
0.4560
0.4970
0.4476
0.31123 (13)
0.2811
0.37093 (12)
0.3893
0.3776
0.12403 (14)
0.0898
0.19287 (15)
0.2053
0.41693 (14)
0.3905
0.4487
0.4177
0.38662 (15)
0.4085
0.39836 (14)
0.4283
0.34359 (16)
0.3354
0.14300 (16)
0.1217
0.46376 (18)
0.4577 (7)
0.4865
0.4645
0.4510
0.3372 3)
0.314 (3)
0.318 (3)
0.365 (3)
0.4233 (4)
0.2727 (2)
0.3048

0.1662
0.2637
0.0090 (3)
~0.0543
0.1160 (3)
0.1201
0.0514
0.1804
0.3253 (3)
0.3867
0.2668
0.5544 (3)
0.4818
0.5693
0.5587
0.5060 (3)
0.4689
0.8660 (3)
0.8282
0.8469
0.5668 (3)
0.5502
0.6750 (4)
0.7342
0.8637 (4)
0.8713
0.8563
0.9278
0.5233 (4)
0.4988
0.6128 (4)
0.6505
0.4694 (4)
0.4074
0.6512 (4)
0.6935
0.8694 (5)
0.8657 (13)
0.8781
0.8052
0.9308
0.9666 (6)
1.001 (6)
0.951 (6)
1.022 (6)
0.8525 (9)
0.8908 (5)
0.8916

0.5584
0.6138
0.2539 (2)
0.2834
0.3656 (2)
0.3410
0.4044
0.4030
0.0408 (2)
0.0268
~0.0047
0.0915 (2)
0.1145
0.1008
0.0252
0.7362 (2)
0.7158
0.4522 (3)
0.4082
0.3891
0.2040 (3)
0.1903
0.1803 (3)
0.1500
-0.0232 (3)
~0.0770
~0.0443
0.0163
0.8454 (3)
0.8989
0.7984 (3)
0.8195
0.8155 (3)
0.8480
0.1605 (3)
0.1164
0.5125 (5)
0.6565 (10)
0.6266
0.7000
0.6902
0.3947 (6)
0.437 (5)
0.348 (5)
0.380 (5)
0.5327 (8)
0.1778 (4)
0.1906

0.052%*
0.052%*
0.0520 (9)
0.062%*
0.0466 (8)
0.070*
0.070%*
0.070*
0.0492 (9)
0.059*
0.059*
0.0498 (9)
0.075*
0.075*
0.075*
0.0546 (9)
0.065*
0.0506 (9)
0.061*
0.061*
0.0587 (10)
0.070*
0.0668 (12)
0.080*
0.0722 (13)
0.108*
0.108*
0.108*
0.0675 (12)
0.081%*
0.0665 (12)
0.080%*
0.0695 (12)
0.083*
0.0794 (14)
0.095*
0.082 (2)
0.065 (4)
0.098*
0.098*
0.098*
0.0338 (16)
0.051*
0.051*
0.051*
0.051 (3)
0.0166 (14)
0.025*

0.498 (6)
0.502 (6)

0.502 (6)
0.498 (6)
0.498 (6)
0.498 (6)
0.498 (6)
0.498 (6)
0.498 (6)
0.498 (6)
0.498 (6)
0.502 (6)
0.25

0.25
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H11B 0.2657 0.8381 0.1383 0.025* 0.25
C4B 0.3574 (3) 0.9738 (5) 0.4551 (7) 0.049 (2) 0.502 (6)
H4BA 0.3299 0.9887 0.4044 0.074* 0.502 (6)
H4BB 0.3856 1.0197 0.4483 0.074* 0.502 (6)
H4BC 0.3471 0.9891 0.5146 0.074* 0.502 (6)
C2A 0.4049 (2) 0.9141 (6) 0.5214 (4) 0.0317 (15) 0.498 (6)
02B 0.4184 (6) 0.8407 (16) 0.6190 (9) 0.044 (3) 0.502 (6)
O1A 0.42431 (16) 1.0015 (3) 0.5223 (3) 0.0492 (16) 0.498 (6)
C1B 0.4595 (6) 0.8377 (14) 0.6925 (11) 0.081 (5) 0.502 (6)
H1BA 0.4832 0.7835 0.6788 0.121* 0.502 (6)
H1BB 0.4483 0.8188 0.7504 0.121* 0.502 (6)
HIBC 0.4754 0.9088 0.6989 0.121* 0.502 (6)
Atomic displacement parameters (42)

Ull U22 (]3;3 U12 U13 U23
05 0.0269 (9) 0.0271 (10) 0.0227 (9) 0.0019 (8) —0.0009 (8) —0.0012 (8)
04 0.0254 (10) 0.0376 (12) 0.0472 (12) —0.0104 (9) 0.0069 (8) —0.0008 (10)
06 0.0302 (10) 0.0322 (11) 0.0318 (10) 0.0050 (9) 0.0054 (8) —0.0008 (9)
N3 0.0254 (12) 0.0256 (12) 0.0232 (11) —0.0044 (9) 0.0002 (9) 0.0021 (9)
N2 0.0221 (11) 0.0308 (13) 0.0348 (13) —0.0061 (10) 0.0056 (9) —0.0074 (11)
07 0.0503 (14) 0.0743 (17) 0.0343 (11) 0.0200 (12) 0.0064 (10) 0.0256 (12)
03 0.0292 (12) 0.0309 (12) 0.114 (2) —0.0076 (9) 0.0349 (13) —0.0243 (13)
09 0.0327 (12) 0.0701 (18) 0.0595 (15) 0.0071 (11) 0.0126 (11) 0.0410 (13)
N1 0.0259 (12) 0.0284 (13) 0.0554 (16) —0.0076 (10) 0.0196 (11) —0.0116 (12)
N5 0.0354 (13) 0.0248 (12) 0.0246 (12) 0.0065 (10) 0.0099 (10) 0.0053 (10)
N4 0.0309 (12) 0.0303 (13) 0.0290 (12) —0.0028 (10) 0.0040 (10) —0.0103 (10)
02A 0.041 (5) 0.038 (5) 0.065 (10) —0.016 (3) —0.026 (7) 0.003 (8)
010 0.0492 (15) 0.0653 (18) 0.0834 (19) —0.0116 (14) 0.0069 (13) 0.0320 (15)
C19 0.0295 (14) 0.0124 (12) 0.0231 (13) —0.0013 (10) 0.0014 (11) —0.0028 (10)
08 0.0794 (18) 0.0229 (12) 0.110 (2) —0.0139 (12) 0.0500 (16) —-0.0127 (13)
N6 0.0345 (13) 0.0342 (13) 0.0325 (13) —0.0013 (11) 0.0081 (10) 0.0046 (11)
C20 0.0277 (13) 0.0161 (12) 0.0222 (13) 0.0028 (10) 0.0005 (10) 0.0058 (11)
C14 0.0282 (15) 0.0322 (15) 0.0219 (14) —0.0075 (12) 0.0020 (11) 0.0003 (12)
C22 0.0305 (15) 0.0233 (15) 0.0342 (15) —0.0039 (12) 0.0000 (12) 0.0053 (12)
C21 0.0305 (15) 0.0200 (13) 0.0269 (14) 0.0013 (11) 0.0000 (11) 0.0012 (11)
C39 0.0246 (14) 0.052 (2) 0.0257 (15) 0.0092 (13) 0.0095 (12) 0.0095 (14)
C34 0.0337 (15) 0.0254 (14) 0.0272 (14) 0.0013 (12) 0.0019 (12) —0.0103 (12)
C25 0.0307 (14) 0.0229 (14) 0.0241 (13) 0.0047 (11) 0.0006 (11) 0.0036 (11)
C15 0.0274 (14) 0.0286 (15) 0.0300 (15) —0.0091 (11) 0.0020 (11) 0.0045 (12)
C23 0.0269 (14) 0.0369 (17) 0.0379 (17) —0.0005 (13) 0.0057 (12) 0.0097 (14)
C32 0.0427 (17) 0.0248 (15) 0.0337 (16) 0.0039 (13) 0.0028 (13) —0.0065 (12)
C5 0.0258 (15) 0.0318 (17) 0.054 (2) —0.0077 (12) 0.0160 (14) —0.0184 (14)
C42 0.0492 (18) 0.0316 (16) 0.0422 (17) 0.0097 (14) 0.0227 (14) —0.0042 (14)
C8 0.0328 (15) 0.0426 (18) 0.0371 (16) 0.0007 (13) 0.0116 (13) —0.0186 (15)
C18 0.0313 (15) 0.0407 (17) 0.0315 (15) —0.0012 (13) —0.0032 (12) 0.0135 (14)
C24 0.0320 (15) 0.0343 (17) 0.0319 (15) 0.0077 (13) 0.0070 (12) 0.0033 (13)
Cé6 0.0210 (13) 0.0302 (15) 0.0406 (16) —0.0080 (12) 0.0084 (11) —0.0110 (13)
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C28 0.0498 (18) 0.0244 (15) 0.0389 (17) 0.0049 (14) 0.0033 (14) —0.0024 (14)
C38 0.0255 (14) 0.057 (2) 0.0208 (13) 0.0045 (14) 0.0019 (11) —0.0098 (14)
C27 0.0378 (16) 0.0226 (14) 0.0316 (15) 0.0033 (12) 0.0069 (12) —0.0036 (12)
C7 0.0213 (14) 0.043 (2) 0.0457 (18) —0.0077 (13) 0.0109 (13) —0.0152 (15)
C40 0.0463 (17) 0.0194 (15) 0.0407 (16) 0.0077 (12) 0.0168 (13) 0.0088 (12)
C48 0.055 (2) 0.0228 (16) 0.0453 (18) 0.0042 (14) 0.0211 (15) 0.0123 (14)
C51 0.0326 (17) 0.057 (2) 0.051 (2) 0.0011 (16) 0.0109 (15) 0.0229 (17)
C41 0.058 (2) 0.0239 (16) 0.0442 (18) 0.0049 (14) 0.0228 (15) 0.0003 (13)
C49 0.0352 (16) 0.0478 (19) 0.0303 (15) —0.0007 (14) 0.0030 (12) 0.0116 (14)
C31 0.059 (2) 0.0280 (18) 0.0443 (19) 0.0017 (15) —0.0071 (15) —0.0127 (14)
C17 0.0407 (17) 0.065 (2) 0.0304 (16) —0.0062 (16) —0.0007 (13) 0.0203 (16)
C43 0.056 (2) 0.0351 (18) 0.0337 (16) 0.0022 (15) 0.0160 (14) —0.0066 (14)
C26 0.0419 (18) 0.052 (2) 0.0469 (19) 0.0102 (16) 0.0174 (15) —0.0010 (16)
C35 0.0485 (19) 0.0351 (17) 0.0394 (17) —0.0185 (15) 0.0138 (14) —0.0148 (14)
Cc9 0.0289 (17) 0.046 (2) 0.075 (2) 0.0047 (14) —0.0034 (16) —0.0197 (18)
C30 0.079 (3) 0.0222 (17) 0.060 (2) 0.0023 (17) —0.0101 (19) —0.0131 (16)
C36 0.0418 (18) 0.049 (2) 0.062 (2) —0.0186 (16) 0.0242 (16) —0.0270 (18)
C44 0.060 (2) 0.042 (2) 0.051 (2) —0.0074 (17) 0.0283 (17) —0.0189 (17)
Cl16 0.0408 (18) 0.051 (2) 0.0391 (18) —0.0072 (15) 0.0079 (14) 0.0166 (15)
C29 0.071 (2) 0.0218 (16) 0.058 (2) 0.0099 (16) —0.0032 (18) —0.0010 (16)
C33 0.057 (2) 0.0244 (16) 0.052 (2) 0.0060 (15) —0.0065 (16) 0.0037 (15)
C37 0.0285 (16) 0.066 (2) 0.052 (2) —0.0036 (15) 0.0053 (14) —0.0270 (18)
C50 0.0316 (17) 0.073 (2) 0.0423 (19) 0.0083 (17) 0.0006 (14) 0.0043 (18)
C13 0.055 (2) 0.075 (3) 0.0339 (18) —-0.022 (2) 0.0101 (15) —0.0034 (18)
C3 0.048 (2) 0.0403 (19) 0.073 (2) —0.0194 (16) 0.0389 (18) —0.0190 (18)
C45 0.047 (2) 0.069 (3) 0.063 (2) 0.009 (2) 0.0205 (19) —-0.013 (2)
C47 0.060 (2) 0.064 (3) 0.085 (3) 0.023 (2) 0.035 (2) 0.034 (2)
C52 0.047 (2) 0.088 (3) 0.089 (3) 0.017 (2) 0.032 (2) 0.066 (3)
Cl1 0.059 (3) 0.093 (4) 0.046 (2) 0.008 (2) —0.0040 (18) —0.026 (2)
C10 0.042 (2) 0.062 (3) 0.087 (3) 0.0087 (19) -0.013 (2) —0.031 (2)
C12 0.079 (3) 0.091 (3) 0.039 (2) -0.013 (2) 0.013 (2) 0.005 (2)
C46 0.053 (3) 0.095 (4) 0.094 (3) 0.031 (2) 0.022 (2) 0.029 (3)
OIB 0.034 (3) 0.090 (5) 0.129 (6) -0.012 (3) 0.029 (3) 0.011 (4)
Cl1A 0.067 (8) 0.054 (7) 0.063 (8) —0.011 (6) —0.020 (6) 0.018 (5)
C4A 0.029 (4) 0.035 (4) 0.038 (4) 0.007 (3) 0.007 (3) 0.009 (3)
C2B 0.040 (5) 0.023 (5) 0.095 (9) —0.004 (4) 0.027 (6) —0.008 (5)
Ol1 0.016 (3) 0.015 (3) 0.019 (3) —0.002 (3) 0.005 (3) —0.001 (3)
C4B 0.051 (5) 0.035 (4) 0.069 (6) —0.002 (3) 0.028 (5) 0.012 (4)
C2A 0.024 (3) 0.025 (4) 0.048 (4) 0.000 (3) 0.012 (3) 0.001 (3)
02B 0.023 (4) 0.034 (4) 0.065 (8) —0.008 (3) —0.017 (6) —0.012 (6)
Ol1A 0.041 (3) 0.027 (3) 0.074 (3) —-0.017 (2) —0.006 (2) 0.009 (2)
C1B 0.039 (5) 0.087 (11) 0.101 (12) —0.018 (6) —0.031 (7) —0.012 (9)
Geometric parameters (A, )

05—C19 1.239 (3) C49—C50 1.517 (5)
04—Cl14 1.235 (3) C31—H31 0.9500

06—C34 1.239 (3) C31—C30 1.374 (5)
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N3—C19
N3—Cl15
N3—C18
N2—H2
N2—C14
N2—C6
07—C39
03—C5
09—Cs1
09—C52
N1—H1
N1—C5
N1—C3
N5—HS5
N5—C39
N5—C40
N4—C34
N4—C38
N4—C35
02A—CI1A
02A—C2A
010—C51
C19—C20
08—C48
N6—H6
N6—C48
N6—C49
C20—C21
C20—C25
C14—C15
C22—H22
C22—C21
C22—C23
C21—H21
C39—C38
C34—C32
C25—C24
C25—C27
C15—HI15
C15—C16
C23—H23
C23—C24
C32—C27
C32—C31
C5—Co
C42—C41
C42—C43
C42—C47

1.343 (3)
1.466 (3)
1.486 (3)
0.8800

1.328 (3)
1.449 (4)
1.228 (4)
1.232 3)
1.330 (4)
1.452 (4)
0.8800

1.329 (4)
1.461 (4)
0.8800

1.341 (4)
1.450 (4)
1.355 (3)
1.459 (4)
1.486 (4)
1.449 (14)
1.314 (15)
1.203 (4)
1.501 (4)
1.225 (4)
0.8800

1.338 (4)
1.452 (4)
1.397 (4)
1.401 (4)
1.524 (4)
0.9500

1.375 (4)
1.387 (4)
0.9500

1.513 (5)
1.498 (4)
1.404 (4)
1.510 (4)
1.0000

1.529 (4)
0.9500

1.388 (4)
1.402 (4)
1.396 (4)
1.540 (4)
1.509 (5)
1.379 (4)
1.377 (5)

C17—HI17A
C17—H17B
C17—C16
C43—H43
C43—C44
C26—H26A
C26—H26B
C26—H26C
C35—H35A
C35—H35B
C35—C36
C9—H9
C9—C10
C30—H30
C30—C29
C36—H36A
C36—H36B
C36—C37
C44—H44
C44—C45
Cl6—HI16A
Cl6—H16B
C29—H29
C33—H33A
C33—H33B
C33—H33C
C37—H37A
C37—H37B
C50—HS0A
C50—H50B
C50—HS50C
C13—HI13
C13—C12
C3—H3A
C3—H3B
C3—C4A
C3—C2B
C3—C4B
C3—C2A
C45—H45
C45—C46
C47—H47
C47—C46
C52—HS2A
C52—H52B
C52—HS52C
Cl1—H11
C11—C10

0.9900
0.9900
1.530 (4)
0.9500
1.388 (5)
0.9800
0.9800
0.9800
0.9900
0.9900
1.521 (5)
0.9500
1.369 (5)
0.9500
1.371 (5)
0.9900
0.9900
1.526 (5)
0.9500
1.371 (5)
0.9900
0.9900
0.9500
0.9800
0.9800
0.9800
0.9900
0.9900
0.9800
0.9800
0.9800
0.9500
1.409 (5)
1.0000
1.0000
1.688 (8)
1.704 (13)
1.389 (7)
1.388 (7)
0.9500
1.373 (6)
0.9500
1.384 (6)
0.9800
0.9800
0.9800
0.9500
1.372 (6)
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C8—C7
C8—C9
C8—Cl13
C18—HI8A
C18—HI18B
C18—C17
C24—C26
C6—HOA
Co—C7
C28—C27
C28—C29
C28—C33
C38—H38
C38—C37
C7T—HT7A
C7—H7B
C40—H40
C40—C48
C40—C41
C51—C49
C41—H41A
C41—H41B
C49—H49

C19—N3—C15
C19—N3—C18
C15—N3—C18
Cl14—N2—H2
C14—N2—C6
C6—N2—H2
C51—09—C52
C5—N1—H1
C5—N1—C3
C3—N1—H1
C39—N5—HS5
C39—N5—C40
C40—N5—HS5
C34—N4—C38
C34—N4—C35
C38—N4—C35
C2A—02A—Cl1A
0O5—C19—N3
05—C19—C20
N3—C19—C20
C48—N6—H6
C48—N6—C49
C49—N6—H6
C21—C20—C19

1.513 (4)
1.389 (4)
1.363 (5)
0.9900
0.9900
1.526 (4)
1.517 (4)
1.0000
1.537 (4)
1.403 (4)
1.395 (5)
1.517 (4)
1.0000
1.537 (4)
0.99 (4)
0.96 (3)
1.0000
1.519 (4)
1.525 (4)
1.518 (5)
0.9900
0.9900
1.0000

119.8 (2)
127.6 (2)
111.8 (2)
116.9
126.3 (2)
116.9
114.9 (3)
119.5
121.0 (2)
119.5
119.1
121.9 (2)
119.1
120.9 (2)
127.2 (3)
112.0 (2)
114.1 (14)
120.5 (2)
120.8 (2)
118.5 (2)
119.3
121.5 (3)
119.3
117.9 (2)

Cl11—C12
C10—H10
Cl12—HI12
C46—H46
O1B—C2B
Cl1A—HI1AA
Cl1A—H1AB
Cl1A—HI1AC
C4A—H4AA
C4A—H4AB
C4A—H4AC
C2B—O02B
Oll—HI1A
Ol11—HI1IB
C4B—H4BA
C4B—H4BB
C4B—H4BC
C2A—O01A
02B—CI1B
C1B—HI1BA
C1B—HI1BB
C1B—HI1BC

Cl16—C17—HI17B
C42—C43—H43
C42—C43—C44
C44—C43—H43
C24—C26—H26A
C24—C26—H26B
C24—C26—H26C
H26A—C26—H26B
H26A—C26—H26C
H26B—C26—H26C
N4—C35—H35A
N4—C35—H35B
N4—C35—C36
H35A—C35—H35B
C36—C35—H35A
C36—C35—H35B
C8—C9—H9
C10—C9—C8
C10—C9—H9
C31—C30—H30
C29—C30—C31
C29—C30—H30
C35—C36—H36A
C35—C36—H36B

1.363 (6)
0.9500
0.9500
0.9500
1.218 (10)
0.9800
0.9800
0.9800
1.05 (7)
0.81 (8)
1.08 (8)
1.301 (17)
0.8705
0.8699
0.9800
0.9800
0.9800
1.205 (8)
1.419 (13)
0.9800
0.9800
0.9800

111.2
119.4
121.1 3)
119.4
109.5
109.5
109.5
109.5
109.5
109.5
111.2
111.2
102.8 (3)
109.1
111.2
111.2
119.3
121.4 (4)
119.3
119.9
120.2 (3)
119.9
111.1
111.1
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C21—C20—C25
C25—C20—C19
04—C14—N2
04—C14—C15
N2—C14—C15
C21—C22—H22
C21—C22—C23
C23—C22—H22
C20—C21—H21
C22—C21—C20
C22—C21—H21
0O7—C39—N5
07—C39—C38
N5—C39—C38
06—C34—N4
06—C34—C32
N4—C34—C32
C20—C25—C24
C20—C25—C27
C24—C25—C27
N3—C15—C14
N3—C15—H15
N3—C15—Cl16
C14—C15—HI15
C14—C15—C16
Cl6—C15—HI15
C22—C23—H23
C22—C23—C24
C24—C23—H23
C27—C32—C34
C31—C32—C34
C31—C32—C27
03—C5—NI1
03—C5—C6
N1—C5—C6
C43—C42—C41
C47—C42—C41
C47—C42—C43
C9—C8—C7
C13—C8—C7
C13—C8—C9
N3—C18—HI18A
N3—C18—H18B
N3—C18—C17
HI8A—C18—HI18B
C17—C18—HIBA
C17—C18—HI18B
C25—C24—C26

120.6 (2)
121.3 (2)
1232 (3)
120.1 (2)
116.7 (2)
120.3

119.4 (3)
120.3

119.9

120.1 (3)
119.9

123.8 (3)
119.0 (3)
117.2 (2)
121.7 (3)
121.8 (2)
116.3 (3)
118.9 (2)
1223 (2)
118.3 (2)
113.6 (2)
109.1

103.9 (2)
109.1

111.9 (2)
109.1

119.2

121.7 3)
119.2

123.4 (2)
116.5 (3)
120.0 (3)
1232 (3)
120.2 (3)
116.6 (2)
121.6 (3)
120.7 (3)
117.7 3)
120.8 (3)
120.8 (3)
118.3 (3)
111.3

111.3

102.3 (2)
109.2

111.3

111.3

120.6 (3)

C35—C36—C37
H36A—C36—H36B
C37—C36—H36A
C37—C36—H36B
C43—C44—H44
C45—C44—C43
C45—C44—H44
C15—C16—C17
C15—Cl16—HI6A
C15—Cl16—H16B
C17—Cl16—HI6A
C17—C16—H16B
H16A—C16—H16B
C28—C29—H29
C30—C29—C28
C30—C29—H29
C28—C33—H33A
C28—C33—H33B
C28—C33—H33C
H33A—C33—H33B
H33A—C33—H33C
H33B—C33—H33C
C38—C37—H37A
C38—C37—H37B
C36—C37—C38
C36—C37—H37A
C36—C37—H37B
H37A—C37—H37B
C49—C50—HS0A
C49—C50—HS50B
C49—C50—HS0C
H50A—C50—H50B
H50A—C50—HS50C
H50B—C50—H50C
C8—CI13—H13
C8—C13—C12
C12—C13—H13
N1—C3—H3A
N1—C3—H3B
N1—C3—C4A
N1—C3—C2B
C4A—C3—H3A
C2B—C3—H3B
C4B—C3—N1
C4B—C3—H3B
C4B—C3—C2B
C2A—C3—NI1
C2A—C3—H3A

103.1 (2)
109.1
111.1
111.1
119.7
120.6 (3)
119.7
103.5 (2)
111.1
111.1
111.1
111.1
109.0
119.4
121.2 (3)
119.4
109.5
109.5
109.5
109.5
109.5
109.5
111.1
111.1
103.3 (2)
111.1
111.1
109.1
109.5
109.5
109.5
109.5
109.5
109.5
119.7
120.5 (3)
119.7
108.7
110.4
106.0 (3)
105.5 (4)
108.7
110.4
114.2 (4)
110.4
105.8 (6)
117.8 (4)
108.7
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C23—C24—C25 119.2 (3) C2A—C3—C4A 106.8 (5)
C23—C24—C26 120.2 (3) C44—C45—H45 120.6
N2—C6—C5 104.6 (2) C44—C45—C46 118.8 (4)
N2—C6—H6A 107.9 C46—C45—H45 120.6
N2—C6—C7 113.9 (3) C42—C47—H47 119.3
C5—C6—H6A 107.9 C42—C47—C46 121.3 (4)
C7—C6—C5 114.3 (2) C46—C47—H47 119.3
C7—C6—H6A 107.9 09—C52—H52A 109.5
C27—C28—C33 121.9 (3) 09—C52—H52B 109.5
C29—C28—C27 119.1 (3) 09—C52—H52C 109.5
C29—C28—C33 119.0 (3) H52A—C52—H52B 109.5
N4—C38—C39 115.6 (2) H52A—C52—H52C 109.5
N4—C38—H38 109.3 H52B—C52—H52C 109.5
N4—C38—C37 103.5 (3) C10—Cl11—H11 120.0
C39—C38—H38 109.3 Cl12—Cl1—H11 120.0
C39—C38—C37 109.6 (2) C12—C11—C10 120.1 (4)
C37—C38—H38 109.3 C9—C10—Cl1 119.9 (4)
C32—C27—C25 123.8 (2) C9—C10—H10 120.1
C32—C27—C28 119.2 (3) C11—C10—H10 120.1
C28—C27—C25 116.9 (2) Cl13—Cl2—HI2 120.1
C8—C7—C6 114.8 (2) Cl11—C12—C13 119.8 (4)
C8—C7—H7A 110.1 (19) Cl1—C12—H12 120.1
C8—C7—H7B 107.6 (19) C45—C46—C47 120.5 (4)
C6—C7—HTA 108.4 (19) C45—C46—H46 119.7
C6—C7—H7B 109.5 (19) C47—C46—H46 119.7
H7A—C7—H7B 106 (3) 02A—ClA—HIAA 109.5
N5—C40—H40 106.6 02A—Cl1A—HIAB 109.5
N5—C40—C48 113.0 (2) 02A—C1A—HIAC 109.5
N5—C40—C41 110.3 (2) HIAA—C1A—HIAB 109.5
C48—C40—H40 106.6 HIAA—CIA—HIAC 109.5
C48—C40—C41 113.2 (3) HIAB—CIlA—HIAC 109.5
C41—C40—H40 106.6 C3—C4A—H4AA 110 (4)
08—C48—N6 122.2 (3) C3—C4A—H4AB 117 (5)
08—C48—C40 121.5 (3) C3—C4A—H4AC 102 (4)
N6—C48—C40 116.2 (3) H4AA—C4A—H4AB 102 (6)
09—C51—C49 112.6 (3) H4AA—C4A—HAAC 113 (5)
010—C51—09 124.8 (3) H4AB—C4A—H4AC 112 (7)
010—C51—C49 122.3 (3) O1B—C2B—C3 120.9 (9)
C42—C41—C40 111.3 (3) 01B—C2B—02B 120.6 (13)
C42—C41—H41A 109.4 02B—C2B—C3 117.7 (9)
C42—C41—H41B 109.4 H11A—O11—HIIB 104.4
C40—C41—H41A 109.4 C3—C4B—H4BA 109.5
C40—C41—H41B 109.4 C3—C4B—H4BB 109.5
H41A—C41—H41B 108.0 C3—C4B—H4BC 109.5
N6—C49—C51 114.6 (2) H4BA—C4B—H4BB 109.5
N6—C49—H49 108.6 H4BA—C4B—H4BC 109.5
N6—C49—C50 108.9 (3) H4BB—C4B—H4BC 109.5
C51—C49—H49 108.6 02A—C2A—C3 105.3 (9)
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C50—C49—Cs1 107.5 (3) OIA—C2A—02A 125.2 (10)
C50—C49—H49 108.6 OIA—C2A—C3 129.3 (6)
C32—C31—H31 119.9 C2B—02B—C1B 122.3 (15)
C30—C31—C32 120.2 (3) 02B—C1B—HIBA 109.5
C30—C31—H31 119.9 02B—C1B—HI1BB 109.5
C18—C17—HI7A 111.2 02B—C1B—HIBC 109.5
C18—C17—HI17B 111.2 HIBA—C1B—HIBB 109.5
C18—C17—C16 103.0 (2) HIBA—C1B—HIBC 109.5
H17A—C17—H17B 109.1 HIBB—CIB—HIBC 109.5
Cl6—C17—HI7A 111.2

C20—C19—N3—C15 178.3 (2) C32—C34—N4—C38 —164.6 (2)
C19—N3—C15—C14 =73.4(3) C34—N4—C38—C39 —69.1 (3)
N3—C15—C14—N2 -17.5(3) N4—C38—C39—N5 —14.4 (4)
C15—C14—N2—C6 176.5 (2) C38—C39—N5—C40 -177.2 (2)
C14—N2—C6—C5 —163.0 (2) C39—N5—C40—C48 —106.8 (3)
N2—C6—C5—N1 171.4 (2) N5—C40—C48—N6 18.6 (3)
C6—C5—N1—C3 -174.8 (3) C40—C48—N6—C49 179.1 (2)
C5—N1—C3—C2B —58.0 (5) C48—N6—C49—C51 —60.9 (3)
N1—C3—C2B—O02B —39.6 (13) N6—C49—C51—09 -35.0(4)

Hydrogen-bond geometry (4, °)
Cg3 and Cg5 are the centroids of the C8—C13 and C27-C32 rings, respectively.

D—H-A D—H H-A DA D—H-A
N5—H5--05 0.88 2.07 2.923 (3) 162
N6—H606 0.88 2.42 3.233(3) 154
C9—H9--02B 0.95 2.35 3.270 (18) 164
C21—H21--03 0.95 2.44 3.352 (4) 161
C35—H354--05 0.99 251 3.171 (4) 124
C43—H43--04 0.95 2.59 3.443 (4) 149
N1—HI1--04! 0.88 2.01 2.865 (3) 163
C1B—H1BB-010" 0.98 2.46 2.913 (16) 108
C30—H30--08i 0.95 2.46 3.222 (4) 137
C35—H35--07" 0.99 2.39 3.228 (4) 142
C52—H52B--010" 0.98 2.60 3.559 (5) 166
O11—H114--08 0.87 2.48 3.136 (6) 133
C13—H13--011" 0.95 2.52 3.155 (7) 124
C36—H36B--Cg3" 0.99 2.94 3.845 (4) 152
C44—HAACCg5vi 1.05 (8) 2.93 (7) 3.770 (8) 135 (5)

Symmetry codes: (i) —x+1/2, y+1/2, —z+1; (ii) —x+1, y, —z+1; (iii) x, y—1, z; (iv) —x+1/2, y—1/2, —z; (v) —x+1, y, —z; (vi) —x+1/2, y—1/2, —z+1; (vii) x, y+1, z.

Acta Cryst. (2020). E76, 1675-1678 sup-11
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SUMMARY

SYNTHESIS OF PEPTIDE CONTAINING BETA-AMINOACID
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An efficient synthesis of new derivatives beta-petide from natural am ported. The Hon.

' id with high yield ,
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products mimic the secondary structure of B-peptides, which can be further investigated ro Synthesz,

new

peptidomimetics with special pharmacological properties.

Keyword(s): peptidomimetic, beta-amino acid, peptide, coupling.

1. MO PAU
Peptidomimetic 1a tén goi cta nhiimg hop cht
c6 ciu tric hodc cac tinh chit sinh hoc giéng
mét peptit hoic mét protein tu nhién ma van
gitr dugc kha ning tuong tic véi céc dich sinh
hoc va cho cac tac dung sinh hoc tuong tir [1-
3]. Mot hop chét peptidomimetic c6 thé dugc
dinh nghia nhu Ia mét chudi protein nhé ma
duoc thiét ké dé bit chudce cac peptit tur nhién
ca vé cac dic diém vé chu tric ciing nhu hoat
tinh sinh hoc. Ngoai viéc ¢6 nhiéu sy Iya chon
cling nhu tranh duoc cac tac dung phu khéng
mong mudn, cic peptidomimetic con cho thdy
sinh kha dyng dudng udng va hoat tinh sigh
hoc cao hon cac peptit ti nhign do dz giam
duoc viéc bi phén huy bdi cac enzyme trong co
thé.

Trong nhiing nim gan day, viéc tong hop, thiét
ké va phat trién cac din xujt peptidomimetic
dang la mét trong nhig huéng nghién ctru 16n
trong héa sinh va téng hop thuéc, Vige téng
hop céc peptidomimetic c6 thé dugc xem xét
tir nhiéu géc dg, phuong Phdp va myc dicp
khac nhau [2,4,5,6] vi du nhur: vige tao ra cic
ddn xudt peptidomimetic clng tinh ch
hoc trong téng hgp céc ch
HIV-1 [7], tbng hop pha ri

K .

! at sinh
at tre ché enzyme
he dB :
n cic dan Xuit clia

112

pyrolidin cho viéc xac dinh cac chit g ché
ACE manh [8], phuong phap sir dung phay
mg “click” dé tao thanh vong 1,2,3-triazo] chg
céc chat tic ché AChE [9], {rc ché HIV [10] vi
ttc ché MMP [11]Peptidomimetic c6 thé duoe
chia thanh ba nhém tiy thude vao dic didm
cAu tric va chirc nang cia ching [11]:

* Loai I-bt chugc vé cau truc: thé hién sr
twong dong vé hinh dang v&i cac chét ty nhién
va mang tit ci cic chirc nang dip img cho su
twong tac voi enzyme hoiic thy thé trong m3
su dinh hudng khong gian nhit dinh.

* Type II-bét chudc chirc nang: twong tu Vil
cc chat ty nhien dwa trén sy twong tac voi thy
thé dich hoic enzyme ma khong can thé hié
S\t giong nhau v& cu tric.

* Loai I11- bt chudc ca cdu tric va chirc ning
peptit

peptidomimetic ‘:HN/\\.\L:

TRH 1 2

Hinh 1. Peptidomimetic tir TRH
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. [4 Ex 1
Mot v du vé pephdomimetic- horn
: 10

5 TRH N pia;
phong o (1) (th)"rotropin.m] o
hormone) l1a mét hormone ving dugi ;l'smg

01 ¢9

chu tric don gié‘j- cau tao chi bej 3
Glu-P!lS-PrO. Mot peptidomimetic
ké bt chude TRH dya trén p

, i not ki
cyclohc.\an (2, Hinh 1), ba . ung
hoat tinh dugc dit trén khung vgi ;Erc mz?ng
nwéng khong gian véi mach ben a“f‘dg dinh
duoc tim thay trong hormone TRY S A
Chﬁr}g t(")i trinh’bz‘xy & day vise t(:)n-g hop mach
pc,ptld vao su ket hop cua cac B~amino‘acid bC
d6i khong co trong tu nhién dugc tng h a‘t
con dl{img'héa hoc. Viée thay déj cac a?np. tir
ac_id dan dén sy thay d6i mach peptid va 1}1120
doi céc. ’tinh chat sinh hoc Biéu nay cho phéﬁ
danh gid duoc moi quan hé giira cAu tric- hoat
tinh sinh hoc, anh huéng ciia cac mach pept{d
va d& xuit dugc khung ciu tric co ban
(LEAD) cho viéc phat trién céc hoat chét c6
kha nang phét trién thanh cac thudc trong diéu
tri A[z.hei‘mer, Parkinson va céc bénh lién quan
dén heé than kinh trung uong.
2. THIET Bl VA PHUONG PHAP
2.1. Diéu kién thuc nghiém chung
Tét ca cac phan tmg dugc thyuc hién tai Khoa
Héa hoc, Trudong Pai hoc Khoa hoc tu nhién,
Pai hoc Québc gia Ha Noi. Céc hoa chét va
dung méi déu dugc nhép tir cac cong ty héa
chét, khi 1am phan img khong cén tinh ché lai,
ngoai trr n-hexan va ethylacetate dl‘mg_cho
TLC va sic ky cot da dugc cét lai. Pho 'H
NMR va phé C NMR duoc do bang méy c6
thn s& 500Hz hozc 126Hz trong dung moi
CDCl; hoic DMSO-ds. Phan img duoe theo
dsi bing TLC (TLC: 31 Y)
hexan/EtOAc), dugc quan sat bang den tL‘l'
ngoai c6 budc song 254nm hoéc. 356nm .Vﬁ
chit phan (mg dugc phat hién boi dung dic
KMnOj.
2.2. Quy trinh thyc nghi¢m .
2.2.1. Téng hop Boc-Prolino
Cho vao iin!l)lp chu chua P{'OlmOI (1 guzyln?
lugng) hoa tan trong THF lan It Et;llronf;;).
duong lugng), (Boc)0 (103 dﬁ‘f’“i hong
Hon hop dugc khudy déu tai nhl‘?z tgﬂi cho
trong vong 2h. Sau khi phan (M8 k?t- hié’t voi
thém 50 ml EtOAc vao hon = guqc rira
dung dich acid HCI IM. Pha B €% g
bing dung dich muéi béo hoa 101 127

acid amin;
duge thiy

113

:I;itstgr: Pha hitu co duge lam bay hoi dudi ap
at thi ;’)T deé thu dugc san pham 1.
2-‘2-2. Tiong hgp Boc-Prolinol Tosylate 2
San pham 1 thu duoc tir bude 1 duge hoa tan
trong 50 mL dichloromethane rdi lam lanh hén
hgp v& 0°C. E4N (1.5 duong lugng) duge cho
vao hon hop trén, sau d6 TsCl (1.2 duong
1L§(,mg‘) trong 20mL dichloromethane dugc nho
dan dan vao hdn hop. Phan tmg dugc tién hanh
trong 16h tai nhiét do phong sau 6 duge chiét
bang fiung dich acid HCI 1M Pha hitu co duoc
rira bing dung dich muéi bdo hoa rdi lam kho
bing Na,SOs. Pha hitu co dugc lam bay hoi
du6i 4p suét thép dé thu duoc san pham 2.
San phim 2 dugc tinh ché bing séc ki cot trén
silicagel ethyl acetate/hexane (4: 1).
2.2.3. Tong hgp cyanide 3
Cho NaCN rén (3 duong lugng) vao dung dich
N-(Boc)-protected p-amino tosylate (1 duong
lwgng) trong 20mL DMSO tai 45°C. Hén hop
duge khudy trong vong 16h rdi duge xir ly
bang cach cho thém 50mL nudc. Hoén hop
dugc chibt biang ethyl acetate (2x50mL) Pha
hitu co duoc rira bang dung dich mubi bdo hoa
rdi 1am kho bing NazSOs. Pha hitu co dugc
lam bay hoi duéi ap suét thap dé thu duoc san
phdm 3. San phérn thu duge dugc ding cho
phén (mg tiép theo ma khong can tinh ché bing
sic ki.
2.2.4 Téng hgp O Omethyl prolinate 4
N-(Boc)-protected B-amino cyanide 3 thu duoc
tr budc trén duogc hoa tan trong 10mLdung
dich MeOH béo hoa HCl (khoang 14M) tai
0°C. Hén hop nay sau do duogc khudy déu tai
nhiét do phong trong 12h. Sau khi phan (mg
kit thitc cho thém vao hdn hop 0.5mL nude rdi
Jam bay hoi dung moi duéi ap suat thép. Chit
rén thu dugc duogc hoa tan trong dung dich
10% Na;COs3 réi  dugc chiét bé‘ng Et.O
(3x50mL). Pha hitu co dugc rira bang dung
dich mubi biio hoa roi lam kho bang Na:SOs
réi sau do duoc acid hoa bang HCI dé thu duogc

mudi amoni 4.

2.2.5. Téong hop amide 5 .
Mui amon 4 duge hoa tan trong dichloromethane

va cho thém 3 duong luong clia EtN- Sau d6 cho
Juot N—(CBZ)—[}-alz\nine. EDCI (1.2 dwong

a HOBt (1.2 duong ltropg) . o
n (mg dugc khudy déu & nhigt do
ong 8h roi duge xir ly bang dung

vao Jan
Jugng) v ’
Hén hop pha
phong trong v
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R oK. - 1g
yc - chiét bar
dich acid HCI lodng. Pha mrde duoe bine
i J pha hiiu co duoc

udi bido hoa. Pha

n b{]y hdi

dichloromethane roi tng
bing nude va dung dich m Ny
hfm\co' lam kho bang Na;SOs rot ln:
o o i an pham 5

dudi dp sudt thap de thu duge 5‘_'“ _p

2.2.6. Tong hop peptidomimetic /
Ester 5 duoe hoa tan trong S0mL d
MeOH rdi cho thém 3 duong hr‘ong :d < 00C
NaOH 3M. Hon hop duge khudy deu & 507
trong vong 4h rdi lam bay hoi dung mo! dlr.cs
ap sudt thap. Dung dich thu duge duge act
héa bing acid HCI IM téi khi pH cua dung
dich bing 2. Pha nuéc dugc chiét bang
déchloromethane (3x50mL), tong pha h}"{u £0
dugc i lan luot bang dung dich muodi bﬁ‘o.
hoa, nude roi duoc lam kho bing Na;SOs f.f’l
1am bay hoi dudi ap Suit thép dé thu duoc acid
6. Acid 6 dugc sir dung cho phan ng amic,ie
hoa tiép theo ma khéng cén tinh ché béng sic
ki cot.

Ap dung phan {mg tao amide nhu trong bu,érc
tong hop san phim 5 dé thu duoc san phim
mong muoén 7. (Hiéu suét nhu trong Hink 2 va
Hinh 3)

2.3. Téng hop

Tert-butyl 2-(hydroxymethyl)pyrrolidine-1-
carbonxylate (1)

'H NMR (500 MHz, Chloroform-d) 6 4.02 —
3.91 (m, 1H), 3.65 — 3.56 (m, 2H), 3.45 (dd, J
=113, 6.8 Hz, 1H), 3.32 (t, /= 5.4 Hz, 1H),
2.04 —1.97 (m, 1H), 1.89 - 1.78 (m, 3H), 1.47
(s, 9H).

Tert-butyl 2-((tosyloxy)methyl)pyrrolidine-
I-carbonxylate (2)

'H NMR (500 MHz, Chloroform-d) § 7.76 (d,
J=8.1Hz, 1H),7.33 (d, /= 7.8 Hz, 2H), 4.13
—3.81 (m, 3H), 3.27 (t, J = 6.2 Hz, 2H), 2.43
(s, 3H), 1.98 — 1.71 (m, 4H), 1.37 (d, /= 130
Hz, 9H).

PC NMR (126 MHz, CDCl;) § 154.58, 145.02,
144.99, 129.99, 127,98, 70.08, 67.33, 46.58,
28.47,23.94,22.95, 21.72.

Tert-butyl 2'(cyﬂﬂ0mt'!hyl)pyrrolidine-l_
carbonxylate (3)
'H NMR (500 MHz, Chloroform-g) 4.03 ~
3.92 (m, 1H), 3.39 (dt, /= 12,0, 6.1 Hz, 21
2.86 =251 (m, 2H), 2,15 (dt, s = iy
IH), 1.95 - 1.80 (m, 3H), | 45 (/o

ung dich
ung dich

o Wible, =ia) A 12704,

12
13¢c NMR ( 30.51, 28.52,23.75,22.37

56.45, 42.08,

hyl 2'(1'(3- :
(lv(l(;te:zvloxY)Carbonyl)ammo) Propanop

: {in-2-yl)acetate (5)
1|§r;1?\|/;g12505MHZ’ Chloroform-¢) g 735 @
J=4.2 Hz, 5H), 5.62 (5, 15‘), 3.08 (s, 2H), 4 4
tt, J =738, 3.5 Hz, 1H), 3.66 (d, J = ¢ 3 M,
3H), 3.50 (dd, /= 11.0, 5.3 Hz, 3H), 3.35 Q.
~ 9.0, 8.5 Hz, 1H), 2.83 (dd, /=152 4 Hy,
1H), 2.47 — 2.31 (m, 3H), 2.03 (dt, /= 15 5
8.1 Hz, 1H), 1.93 (a4, / = 7.7 Hz, 2H), | 3
(ddd, J = 13.0, 6.5, 3.4 Hz, 1H).
2-(1-(3-(((benzyloxy)  carbonyl)  amjp,
propanonyl) pyrrolldm-Z-yl)acetatiz acid (6)
IH NMR (500 MHz, Chloroform-d) 6 7.34 (t,J
=4.] Hz, 5H), 5.68 (t, /= 6.4 Hz, 1H), 5,03 (s,
2H), 4.45 —4.33 (m, 1H), 3.47 (dd, /= 158
8.8 Hz, 3H), 3.41 — 3.30 (m, 1H), 2.83 (dd, /=
15.5, 4.6 Hz, 1H), 2.52 — 2.46 (m, 2H), 2.39
(dd, J=15.5, 7.8 Hz, 1H), 2.09 —2.01 (m, 1H),
1.98—1.76 (m, 3H).

Methyl 3-(2-(1-(3-(((benzyloxy)carbonyl)
amino) propanonyl)pyrrolidin-2-yl)
acetamido) propanoate (7)

'H NMR (500 MHz, Chloroform-d) & 7.40 -
727 (m, 5H), 6.75 (s, 1H), 5.66 (s, 1H), 5.08
(s, 2H), 4.26 (s, 1H), 3.68 (d, J = 8.9 Hz, 5H),
3.52-3.27 (m, 6H), 2.60 = 2.21 (m, 6H), 2.15
— 1.83 (m, 4H).

PCNMR (126 MHz, CDCl5) § 173.00, 170.99,
157.07, 156.61, 136.79, 128.62, 128.19, 66.69,
55.34,51.90,47.14, 40.83, 36.72, 35.02, 33.99,
30.38,23.92.

3. KET QUA VA THAO LUAN

3.1. Tong hop B-proline methyl ester

I W T
1)
N N ~ N
H \ :
Boc

0,()9,

yl)

Ts

Boc
L-Prolinol 1 2
/
Q
O_-/CN ) Mo
1] iv
il o _—

\ N

Boc H.HCI

3 q

- THE, EGN, (Boc),0, 3h, 95% ; ii, DOM, EWN
TsCYDCM, 16h, 90%; i, NaCN, DMSO, 45°C, 16
75%; v. conc. HCUMeOH, Et;N, 4°C, 12h, 65%

' Hinh 2. Tong hop beta-proline
D¢ tong hep duoc peptidomimetic duec t?:(;
thanh tir cac B-amino acid thi diéu can thi°
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. A &
hal dieu che uQce cic ami
B - Mo aeiq do ng
d 0qj
¢

ir B -glycine thi cac g AN o

tai trong Wr t}hién, Mot lron?amfi khénp 1
phdp lngu qua nhit dé 16ng linh\{ng
pay 14 st dung cde aming go; ;T’: cle
phién lam chat dau vi lof u(‘\s;}n C
chp sin cd, daic bigt 1a ¢6 s§y ‘tt 1a n
can thict. T Prolinol, chiing tg;"’?l‘
vé nhom chl;rc bang vige sy dm:‘Cn h::mh bao
caibam.atc dé thu duge san ph% n% nhoP} Boc
sudt 95 % sau dd rugu tag t‘h‘ 1 V6i higy
chuyén thanh nhém OTs V.('yi hiijnh se:: duoc
nhim chuyén hoa thanh nhém G I\?u suat 909,
dung ciia NaCN, nhém OTs dyge tii Dué;i tac
CN nhim tang mach cacbon tflém ay the boj
Dudi téc dung clia moi tr 1 don vj

udng acj .
methyl ester 4 nhu mong muéns_g id thu dugc

0 tro

. ng ty
£udn Cung
am bat g4;

4 BzC
zCHN 5
HO -
[N soii_. [ Mo
N N
0 o
CozHN™ 6 CbzHN 7

i. N-(Cbz)-B-alanine/DCM, EDCILHCI, HOBt.
H,0 80%, Et;N, DCM, 92%; ii. NaOH 2M,; iii.
methyl ~ 3-aminopropionate hydrochloride,
EDCLHCI, HOBt.H,O 80%, Et:N, DCM. 72

% sau 2 budc. ]
Hinh 3. Tong hop mach peptid

Sau khi thu dugc methyl ester 4, ching tﬁci tiér:
hanh ghép cip voi céc f-amino acid c6 san dé
tao thanh mach peptide. Phan (mg tao amld?
vdi hé tac nhan EDCI/Ho_Bt/EtsN d}rQC su
dung 13 diéu kién tiéu chuan trong €4¢ p(};an
{mg amide hoéa do hiéu sudt cao, quy trm}tlhézlr;
gian. Hop chét 4 tao voi [3-g,1ycme’de tao -
amide 5 v6i higu suét rat tot. Nhom ester S
46 duge chuyén thanh acid 6 qua phan tTE-
phong héa dé sin sang cho c4c phan ung 2h1’mg
héa tidp theo. V6i san pham 0 thu ducé’im '
16i tiép tuc tién hanh ghép thém MOt ek
glycine dé tao thanh amide 7 [a san pl;]a :
Hop chét 7 Ja mot hop chét duoc (20
don vi B-aminoacid trong <o, o o cita S0
acid ¢ trung tam bat doi. 4 d”L ‘
phim duge chimg minh bing ¢4 &
Xic clia phd cong huong i hat AL o chime
Viég t6ng hop thanh cong hop ¢ aminoacid ya
t ring phuong phép téng hoP P

cdc phurong
CllQn 1A h
tue tong |

Phap tao mach amide d
PR e dugc lga
](;I;) C)z;,cl[z;—dlc.u klcr) de f:hung toi tiep
trung tam bt dé; dﬂ}mmoa.c'ld' Ehac co chira cac
cic chudi o tl"d Ong;thm.:tlcn hanh tong hop
clru cg he t]rz = f{lham tien hanh céc nghién
hoat tinh si:;n%] . ﬂr_1h hudng ciia cau tric toi
Bentide o R - ac-IoRAchal noy Coc
tidm nang 13 P-aminoacid (hay p-peptide) co
VO chc eﬁ am thU?C, nho vao tinh ben ctia né
tai oot zyme p'han gidi protein (va do d6 ton
dang duor(;nt?‘, cac n:ghlﬂen cuu ctia ching toi
Loi earr 1ep tuC_{no rong ve linh vuc nay.
i cam on: Nghlen ciru nay dugc tai trg boi
ng S%hxgrn cu ARC va KFAS (Project
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DAI HOC QUOC GIA HA NOI
TRUONG PAI HOC KHOA HOC TU NHIEN
KHOA HOA HQC

TRAN THI THU HA - K62A Héa hgc

MO HINH HOA CAU TRUC TINH THE
VA MAT PQ PIEN TiCH CUA PHAN TU C14Hi9 NOs4

Khéa luin tot nghiép dai hoc chinh quy
Nganh: Hoa hoc
(Chwong trinh dao tao chuin)
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KHOA HOA HQC
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Tong hop din xuat Peptidometic

Tw a-Amino acid
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