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Abstract
The structural symmetry is of great significance on the unique physical and chemical properties that
closely related to pharmacological applications. To investigate the effects of structural symmetry on the
NMR spectra, C2-3,9-diazatetraasteranes and non-C2-3,9-diazatetraasteranes were selected as the
research object. They were synthesized by the self-dimerization and cross-dimerization of diethyl 1,4dihydropyridine-3,5-dicarboxylates, respectively. The differences and similarities in NMR spectra of these
two types of 3,9-diazatetraasteranes were discussed by the 1D-NMR and 2D-NMR analysis. The singlecrystal X-ray diffraction (XRD) was used to demonstrate directly their structural symmetry.

1. Introduction
Tetraasterane is a class of caged hydrocarbons or polyhedra consisting of four cyclohexanes and two
parallel cyclobutanes. The familiar polyhedra are norbornene, adamantine and cubane, etc. All of them
have been used as scaffolds or agents in the drug and agrochemical discovery with the high symmetry
and lipophilic properties [1–3]. The tetraasterane was synthesized by a dimerization of 1,4cyclohexadiene derivatives, while the 3,9-diazatetraasterane was aza-analogous of tetraasterane and
synthesized by a dimerization of 1,4-dihydropyridine derivatives [4–6]. With a C2 symmetric property, the

C2-3,9-diazatetraasteranes was synthesized via the self-dimerization of the 1,4-dihydropyridines, which
exhibited anti-HIV-1 protease activity, anti-tumor activities, modulating multidrug resistance (MDR)
towards P-glycoprotein, and other physiological and pharmacological activities [7–12]. While non-C2-3,9diazatetraasteranes was synthesized via the cross-dimerization of different 1,4-dihydropyridines [13]. As
stated in the literature, the different geometric configurations and isomers of molecules may manifest
various physical and chemical properties [14, 15]. In this sense, the change of structural symmetry in the
molecular structure was indispensable in biochemistry, pharmacology and supramolecular chemistry.
Especially in caged hydrocarbons, the NMR complexity was also a closely related to the structural
symmetry. Herein, two kinds of 3,9-diazatetraasteranes (1 and 2) were selected as the research objects to
investigate the effects of structural symmetry on the NMR spectra (Scheme 1). The NMR spectra of C23,9-diazatetraasterane and non-C2-3,9-diazatetraasterane were analyzed using 1D-NMR and 2D-NMR
spectra. The single-crystal X-ray diffraction (XRD) was used to further analyze the structural symmetry of
the title compounds.

2. Results And Discussion

2.1 Chemical synthesis
Based on the previously reported, a conventional strategy was used to synthesize 3,9-diazatetraasterane
(1 and 2), as shown in Scheme 2. C2-3,9-diazatetraasterane 1 was prepared by the self-dimerization of
diethyl 4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate 3 and diethyl 1,4-diphenyl-1,4-dihydropyridine-3,5dicarboxylate 4 in tetrahydrofuran solution with γ-cyclodextrin. The γ-cyclodextrin was used to
Page 2/16

manipulate the two 1,4-dihydropyridine molecules to be arranged in parallel, so as to promote formation
of cage-dimer in the optimal conformation, which could improve the yields of C2-3,9-diazatetraasterane 1.
1a and 1b were obtained from the 1,4-dihydropyridine 3 and 1,4-dihydropyridine 4 for 10 h irradiation by
250 W medium-pressure mercury lamp in tetrahydrofuran solution with γ-cyclodextrin. The yields of 1a
and 1b were 80 % and 82%, respectively. The non-C2-3,9-diazatetraasterane 2 was prepared by the crossdimerization of 1,4-dihydropyridines 3 and 4, or 3 and diethyl 4-(3,4,5-trimethoxyphenyl)-1,4dihydropyridine-3,5-dicarboxylate 5. 2a and 2b were obtained from 3 and 4, or 3 and 5 irradiated for 8 h
by UV light of 365 nm in methanol. On account of the self-dimerization of 1,4-dihydropyridines 3, 4 and 5,
the 2 yields decreased. The yields of 2a and 2b were 30% and 28%, respectively. The structures of 1 and 2
were confirmed by 1H NMR, 13C NMR, high-resolution mass spectrometry and X-ray diffraction analysis.

2.2 NMR analysis
2.2.1 NMR characterization
The NMR spectra of C2-3,9-diazatetraasterane 1 were analyzed using 1D-NMR and 2D-NMR spectra. In
the 1H NMR spectrum of 1a (Fig. 1A), the most obvious peak in all proton spectra appeared at δ 0.98 ppm
demonstrated the triple peak, which belonged to the absorption signal of two methyl groups in the ethyl
group on both sides of the piperidine ring. The broad peak at δ 3.02 ppm was the absorption peak of NH.
The multiple peaks at δ 3.88–4.01 ppm were the absorption peaks of the two methylene groups (-OCH2)
in the ethyl group, due to the spatial structure of the molecule that the two hydrogen atoms were located
in an inequivalent magnetic field. The single peak at δ 3.95 ppm was the absorption peak of the methyne
group (-CH) at the 4- position of the piperidine ring. In the HSQC spectrum (Fig. 2A and Fig. 3), the proton
peak at δ 3.95 ppm with the δ 43.82 ppm 13C NMR signal showed a correlation, so it could be determined
that the singlet belonged to the prow protons. The single peak at δ 4.32 ppm was the absorption signal of
the four cyclobutane protons (-CH). The three groups of multiple peaks at δ 7.16–7.55 ppm belonged to
the aromatic protons (-CH) on the benzene ring. In the H-H COSY spectrum (Fig. 2B and Fig. 5), two
groups of obviously correlated proton peaks (-CH3 protons at δ 0.98 ppm with -CH2 protons at δ 3.94 ppm
and aromatic protons at δ 7.19 ppm with aromatic protons at δ 7.53 ppm) further confirmed the
structural symmetry of 1a. Similarly, the 1b displayed an analogous proton NMR spectrum for its exact
centrosymmetry (Fig. 1B), the signals for methyl protons (-CH3) at δ 0.97 ppm, the signals for methylene
protons (-OCH2) at δ 3.93–4.05 ppm, the reason for the split was the same as 1a. A singlet at δ 3.98 ppm
was the absorption peak of the methyne group (-CH) at the 4- position of the piperidine ring, a singlet
from the cyclobutane protons (-CH) at δ 5.32 ppm, a doublet, a quartet and a multiplet from the aromatic
protons (-CH) were located at δ 6.92–7.01 ppm, δ 7.08 ppm and δ 7.37 ppm.
Compared the NMR data of 1, the non-C2-3,9-diazatetraasterane 2 with axisymmetric and central
symmetry showed a relatively complex proton spectra (Fig. 1C and Fig. 1D). On account of its asymmetry
of 2a, there were two triplet from the methyl groups (-CH3) at δ 0.95 and 1.00 ppm, a broad peak at δ 3.02
ppm was the absorption peak of NH, a single peak from the methyne group at the 4- position of the
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piperidine ring (-CH) at δ 3.91 ppm, a multiple peak at δ 3.91–4.03 ppm from the methlene protons of the
ethyl ester group (-OCH2), two singlet from the cyclobutane protons (-CH) at δ 4.41 and 5.21 ppm, three
multiplet from the aromatic protons (-CH) at δ 6.92–6.96, 7.03–7.24 and 7.29–7.57 ppm. Similarly,in the
proton NMR spectrum of 2b, the methyl groups (-OCH2CH3) were observed at δ 1.00 and 1.05 ppm, the
absorption peak of NH were located at δ 3.04 ppm, the methoxy groups (-OCH3) at δ 3.80 and 3.81 ppm,
the methyne groups (-CH) at the 4- position of the piperidine ring at δ 3.87 and 3.91 ppm, the methylene
groups (-OCH2) from ethyl ester group at δ 3.95–4.04 ppm, the cyclobutane protons (-CH) at δ 4.33 and
4.34 ppm, the aromatic protons (-CH) from the benzene ring substituted by methoxy at δ 6.88 ppm,
another aromatic protons (-CH) at δ 7.15–7.23 and 7.53 ppm. The 1H NMR spectra of 2a and 2b was
much more complicated and informative. Due to the asymmetry of the structure, two conspicuous triplets
from the methyl groups at δ 0.95 ppm and 1.00 ppm were observed (Fig. 1C) in the 1H NMR spectrum of
2a. Similarly, the same proton peaks at δ 1.00 ppm and 1.05 ppm were in the 1H NMR spectrum of 2b
(Fig. 1D). The methylene groups of 2 also split into multiplet at δ 3.91–4.03 ppm and δ 3.95–4.04 ppm,
respectively. And the reason was the same as 1, because the two hydrogen protons of the methylene
group were not equivalent.
Table 2
Comparison of chemical shifts (ppm) for compounds 1a, 1b, 2a and 2b
1a

1b

2a

2b

Methyl protons

t, 0.98

t, 0.97

t, 0.95, 1.00

t, 1.00, 1.05

Methene protons

m, 3.88–
4.01

m, 3.93–
4.05

m, 3.91–4.03

m, 3.95–4.04

Methoxy protons

—

—

—

d, 3.80, 3.81

NH groups

brs, 3.02

—

brs, 3.02

3.04

Prow protons

s, 3.95

s, 3.98

s, 3.91

s, 3.87, 3.91

Cyclobutane
protons

s, 4.32

s, 5.32

s, 4.41, 5.21

d, 4.33, 4.34

Aromatic
protons

m, 7.16–
7.55

m, 6.92–
7.37

m, 6.92–6.96, 7.03–7.24,
7.29–7.57

m, 6.88, 7.15–7.23,
7.53

2.2.2 Comparative analysis of NMR spectra
By comparison of the 1H NMR spectrum of 1 and 2, it was not difficult to find that the structural
symmetry had effects on the splitting of the methyl protons from ethyl ester group and cyclobutane
protons. In the 1H NMR spectra of 1a and 1b, the absorption peak of methyl groups in the ethyl ester
group was a triplet, respectively (Fig. 1A and Fig. 1B), which was due to the hydrogen atom of the methyl
group was located at the tail of the ethyl ester group and could be fast rotated by the C-C single bond to
eliminate the magnetic inequivalence. A special split phenomenon also could be found easily, which was
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a multiplet from methylene protons. From the perspective of the spatial structure of the molecule, the
hydrogen atom pairs of the methylene group were in an inequivalent magnetic field [16]. One of the ethyl
ester groups (C6-O2-C7-C8) in 1a was chosen to explain this phenomenon. The molecular structure of 1
has a mirror surface passing through two nitrogen atoms and two 4-position carbon atoms at phenyl and
a symmetry center in the center of the cage (Fig. 7A). As a result, all four ethyl groups were chemically
equivalent in 1a. The whole molecule was symmetrical, while along the pseudo-axially oriented the aryl
groups and H2 almost equally divided the cage. One of the methylene protons was closed to the phenyl
ring, and the other was nearby H7A, resulting in the two hydrogen atoms of methylene were in an
inequivalent magnetic field. Therefore, theoretically the splitting form of the methylene group should be a
double quartet and the integral ratio of four peaks was 1:3:3:1 by the homonuclear 2J-coupling (from
geminal protons of methylene group) and heteronuclear 3J-coupling (from vicinal protons of methyl
group), due to the partial signal overlap, it was replaced by a multiplet as shown in Fig. 1A. The carbonproton correlation of the δ 3.93 ppm proton singlet with the δ 43.82 ppm 13C NMR signal in the HSQC
spectrum provided the means to assign the singlet to the prow protons. The correlation of the δ 3.88–
4.01 ppm proton multiplet with the δ 60.84 ppm 13C NMR signal in the HSQC spectrum provided the
means to assign this multiplet to the methylene protons (Fig. 2A and Fig. 3), which further explained the
central symmetry of 1a.
It was not difficult to find that the structural symmetry also had effects on the shift and splitting of the
cyclobutane protons of 1 and 2. The shift of 1a was at δ 4.32 ppm, but the 1b was at δ 5.32 ppm. On
account of in 1a, the hydrogen atom on the piperidine ring was connected to the nitrogen atom, and in 1b,
the phenyl group was connected, the p-π conjugation between nitrogen atom and the phenyl group. The
electron cloud density was reduced and enhanced deshielding, the signal shift moved to the low field. The
cyclobutane protons split between 1 and 2 was somewhat different. The 2a and 2b had similar peak
shapes, because of their asymmetric structure. The four cyclobutane protons in compound 2a was two
singlets at δ 4.41 and 5.21 ppm (Fig. 1C), and in 2b was a doublet at δ 4.33 and 4.34 ppm (Fig. 1D). In
the spectrum of the HSQC of compound 2b (Fig. 4), the carbon-proton corrections of the δ 4.33 and 4.34
ppm proton singlets with the δ 55.0, 55.2 ppm 13C NMR signals in the HSQC spectrum to verify the two
singlets belonged to the four cyclobutane protons. And in the spectrum of 1a (Fig. 3), the corrections of
the δ 4.32 ppm proton singlets with the δ 55.10 ppm 13C NMR signal belonged to the four cyclobutane
protons. The reasons for the splitting of cyclobutene was similar to that of methylene. Introduction of a
methoxy group on the phenyl group in 2b resulted in a change in the steric environment of the
cyclobutane protons, as a result, the protons on both sides of the same cyclobutane were inequivalent,
and the two cyclobutane protons on the same piperdine ring were equivalent. So that the cyclobutane
protons of 2b had two singlet peaks, and that of 1a in a singlet.

2.3 X-ray diffraction analysis
In order to further analyze the influence of the structural symmetry of 1 and 2, the single-crystal X-ray
diffraction analysis of compounds 1a and 2b were carried out (Fig .7). The geometry of the piperidine
ring and cyclobutane of 1a and 2b were demonstrated in Table 3, Table 4 and Table 5. By comparing the
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torsion angles, the bond length and bond angle between piperidine ring and cyclobutane, the introduction
of the methoxy group at the phenyl group led to change in the chemical environment, thereby resulted in
magnetic inequivalence. The C2-3,9-diazatetraasterane 1a showed an inversion symmetry center and twofold symmetry. It consisted of two parallel cyclobutane rings and four piperidine rings. The 2b were
substituted by a methoxy group at the phenyl ring, its symmetry was broken with a non C2-3,9diazatetraasteranes. The conformation of the cyclobutane moiety of 2b was closed to a flat square with
the bigger torsion angles (C6-C7-C8-C9) of -3.2(2)° than that angles (C1-C2-C5-C4) of -2.9(2)° in 1a
(Table 3). The four valence angles of 2b were more distortion, the four C-C bonds are somewhat different.
The bond lengths of C1-C2(1.607(3)Å), C2-C3(1.565(3)Å), C3-C4(1.582(3)Å) and C1-C4(1.555(3)Å) were
different and probably due to the phenyl is off the axis. The piperdine rings (N1 and N2) showed a bigger
stern (C4-C5-C29, 114.8°>C8-C10-C11, 114.0°), and the bond lengths were little different (C4-C5,
1.557(3)Å, C5-C29, 1.526(3)Å, C8-C10, 1.553(3)Å, C10-C11 1.523 Å) (Tables 4 and 5).
Table 3
Geometry of the cyclobutane (C1-C2-C5-C4) of 1a (° and Å)

Quad

Cyclobutane (C1-C2-C5-C4)

Cyclobutane (C4-C5-C2-C1)

Angle

Angle

Distance

Distance

C1-C2-C5

90.5°

C1-C2

1.553 Å

C5-C2-C1

90.5°

C5-C2

1.589 Å

C2-C5-C4

90.3°

C2-C5

1.589 Å

C2-C5-C4

90.3°

C2-C1

1.553 Å

C5-C4-C1

89.2°

C4-C5

1.563 Å

C1-C4-C5

89.2°

C4-C5

1.563 Å

C4-C1-C2

89.8°

C1-C4

1.613 Å

C4-C1-C2

89.8°

C1-C4

1.613 Å

Table 4
Geometry of the piperidine ring (N1 and N2) (° and Å) of 2b
Piperidine(N1)

Piperidine(N2)

Angle
stern

prow

C8-C10-C11

C2-C10-C11

Distance
114.0°

116.5°

Angle

C8-C10

1.553 Å

C10-C11

1.523 Å

C2-C10

1.553 Å

C10-C11

1.523 Å
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C6-C5-C29

C4-C5-C29

Distance
115.2°

114.8°

C6-C5

1.531 Å

C5-C29

1.526 Å

C4-C5

1.557 Å

C5-C29

1.526 Å

Table 5
Geometry of the cyclobutane (C1-C2-C3-C4, and C6-C7-C8-C9) of 2b (° and Å)

Quad

Cyclobutane (C1-C2-C3-C4)

Cyclobutane (C6-C7-C8-C9)

Angle

Angle

Distance

Distance

C1-C2-C3

89.1°

C1-C2

1.607 Å

C6-C7-C8

90.7°

C6-C7

1.564 Å

C2-C3-C4

90.5°

C2-C3

1.565 Å

C7-C8-C9

90.6°

C7-C8

1.570 Å

C3-C4-C1

90.4°

C3-C4

1.582 Å

C8-C9- C6

89.7°

C8-C9

1.555 Å

C4-C1- C2

89.9°

C4-C1

1.555 Å

C9- C6-C7

88.9°

C9- C6

1.607 Å

3. Conclusions
The C2-3,9-diazatetraasteranes 1 and non-C2-3,9-diazatetraasteranes 2 were synthesized by the
dimerization of diethyl 1,4-dihydropyridines-3,5-dicarboxylates. Their structures were characterized by 1H
NMR, 13C NMR and single-crystal X-ray diffraction analysis. The NMR spectra analysis implied that the
structural symmetry of molecules had effects on the NMR spectra of 1 and 2. Through the analysis of
NMR spectra, we could conclude that the symmetry of the structure had a greater effect on the splitting of
the methyl protons from the ethyl ester group and cyclobutane protons. Due to the structural symmetry,
the methyl protons from the ethyl ester group and cyclobutane protons split into a group peak in 1, and
there were two groups of peaks in 2. Single-crystal X-ray diffraction analysis further explained their
structures asymmetry and supported the consequence of NMR analysis. The changed geometry of the
structure resulted in the spatial environment of the two methylene protons from ethyl ester group and
cyclobutane protons, and increasing the complited split of them.

4. Experimental Methods

4.1 Physical measurements
The chemical reagents used in this experiment were all commercially available and used without
additional purification. All reactions were monitored by TLC using silica-gel 60 F254 plates. 1H NMR
spectra and 13C NMR spectra were recorded on a Bruker Advance 400 spectrometer at 400 and 100 MHz
using CDCl3 as the solvent and tetramethylsilane (TMS) as an internal standard at ambient temperature
(25 ℃). Melting points were determined on a XT-5A digital melting point apparatus without corrected.
High-resolution mass spectral (HRMS) were recorded using a VG 70SE mass spectrometer from
Manchester, UK, which was operated in electron impact or electrospray ionization mode. The samples
were irradiated by a 365 nm LED lamp and 250 W medium-pressure mercury lamp while in quartz
cuvettes.

4.2 Chemical synthesis
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4.2.1 Synthesis of C2-3,9-diazatetraasterane 1a and 1b
The synthesis of compounds 1 was performed according to our previous reported procedures [17]. To be
specific, γ-cyclodextrin (0.5 mmol) aqueous solutions were added to the diethyl 1,4-dihydropyridine-3,5diicarboxylate (3 or 4, 1 mmol) in 100 mL tetrahydrofuran. The resulting mixture was sonicated at 60 ℃
for 2 h and a clear homogeneous solution was obtained, which was subjected to irradiation of 250 W
medium-pressure mercury lamp under nitrogen atmosphere for 8 h until complete conversion of the
reactant (monitored by TLC). Subsequently, the reaction solution was concentrated under reduced
pressure to remove organic solvents, the residues were recrystallized with dichloromethane/methanol
(V:V = 4:1) and afforded white solids as the target product.
Tetraethyl 6,12-diphenyl-3,9-diazahexacyclo [6.4.0.0 2,7 .0 4,11 .0 5,10 ] dodecane-1,5,7,11-tetracarboxylate
(1a). Yield 80%, M.P: 208.5-211.2 ℃. 1H NMR (400 MHz, CDCl3): δ (ppm) 7.60–7.46 (m, 4H), 7.19 (t, J =
7.2 Hz, 4H), 7.15 (d, J = 7.1 Hz, 2H), 4.32 (s, 4H), 4.01–3.87 (m, 10H), 3.02 (brs, 2H), 0.98 (t, J = 7.1 Hz,
12H).13C NMR (100 MHz, CDCl3) δ (ppm) 173.22, 137.43, 130.90, 127.80, 126.84, 60.84, 55.10, 48.82,
43.82, 13.89. HRMS (ESI), m/z calcd 603.2701 for C34H39N2O8 [M + H]+, found 603.2705. (CCDC:
1484747)
Tetraethyl 3,6,9,12-tetraphenyl-3,9-diazapentacyclo [6.4.0.0 2,7 .0 4,11 .0 5,10 ] dodecane − 1,5,7,11tetracarboxylate (1b). Yield 82%, M.P: 255.8-256.6℃ 1H NMR (400 MHz, CDCl3) δ (ppm) 7.37 (d, J = 3.9
Hz, 8H), 7.08 (q, J = 3.3, 2.4 Hz, 10H), 7.01–6.92 (m, 2H), 5.23 (s, 4H), 4.05–3.93 (m, 10H), 0.97 (t, J = 7.1
Hz, 12H). 13C NMR (100 MHz, CDCl3) δ (ppm) 172.8, 149.7, 136.6, 130.2, 129.5, 128.0, 127.0, 120.4,
117.5, 61.2, 57.9, 51.8, 44.1, 13.7. HRMS (ESI), m/z calcd 755.3342 for C46H47N2O8 [M + H]+, found
755.3346.

4.2.2 Synthesis of non-C2-3,9-diazatetraasterane 2a and 2b
The synthesis of compounds 2 was performed according to our previous reported procedures [13].
Dissolved an equivalent mixture of two different 1,4-dihydropyridine (3 and 4, or 3 and 5, 10 mmol) in
methanol, the solution was poured into a quartz cuvette, N2 was introduced as the protective gas. The
ring-shaped internally illuminated LED lamp (365 nm, 120 W) was used as the light source. The reaction
was completed about 10 hours (TLC monitoring). Then the reaction solution was concentrated, and
purified by flash column chromatography (silica gel), recrystallized with ethyl acetate/n-hexane (V:V =
1:4) to obtain the white solid.
Tetraethyl 3,6,12-triphenyl-3,9-diazapentacyclo [6.4.0.0 2,7 .0 4,11 .0 5,10 ] dodecane-1,5,7,11tetracarboxylate (2a). Yield 30%, M.P: 199.5-201.3 ℃. 1H NMR (400 MHz, CDCl3): δ (ppm) 7.57–7.29 (m,
6H), 7.24–7.03 (m, 8H), 6.92–6.96 (m, J = 4.2 Hz, 1H), 5.21 (d, 2H), 4.35 (d, 2H), 4.03–3.91 (m, 8H), 3.91
(d, J = 10.2 Hz, 2H), 3.02 (brs, 1H), 1.00 (t, J = 7.1 Hz, 6H), 0.95 (t, J = 7.0 Hz, 6H). 13C NMR (100 MHz,
CDCl3) δ (ppm) 173.04, 172.95, 130.82, 130.23, 129.40, 128.07, 127.80, 126.96, 126.90, 120.22, 117.38,
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61.10, 61.00, 58.04, 54.73, 50.60, 49.97, 44.28, 43.58, 13.92, 13.76. HRMS (ESI), m/z calcd 679.3025 for
C40H43N2O8 [M + H]+, found 679.3028.
Tetraethyl 6-phenyl-12-(3,4,5-trimethoxyphenyl)-3,9-diazapentacyclo [6.4.0.0 2,7 .0 4,11 .0 5,10 ] dodecane1,5,7,11-tetracarboxylate (2b). Yield 28 %, M.P: 255.2-256.8 ℃. 1H NMR (400 MHz, CDCl3): δ (ppm) 7.53
(d, J = 7.2 Hz, 2H), 7.15–7.23 (m, 3H), 6.88 (s, 2H), 4.33–4.34 (d, 4H), 3.95–4.04 (m, 8H), 3.91 (s, 1H), 3.87
(s, 1H), 3.81 (s, 6H), 3.80 (s, 3H), 3.04 (brs, 2H), 1.05 (t, 6H), 1.00 (t, 6H). 13C NMR (100 MHz, CDCl3) δ
(ppm) 173.2, 152.3, 137.3, 136.8, 133.0, 130.9, 127.8, 126.9, 108.5, 60.9, 60.8, 56.0, 55.2, 55.0, 48.9, 48.7,
44.0, 43.9, 14.0, 13.9. HRMS (ESI), m/z calcd 693.3018 for C43H49N2O11 [M + H]+, found 693.3021.(CCDC:
1537245)

4.3 X-ray crystallography
The X-ray data was collected on a Bruker D8 Venture system with graphite monochromatic Mo-Kα
radiation (λ = 0.7107 Å). The structure was analyzed by SHELXS2008 method, then continuous Fourier
and differential Fourier synthesis were carried out. The anisotropic displacement parameters of all nonhydrogen atoms on F2 were operated by using SHELXL2008, and the full matrix least square optimization
of F2 was carried out[18–21]. The hydrogen atoms were located from the positions of ideal geometry and
refined on a riding model, and based on the corresponding C-atoms [Uiso(H) = 1.2Ueq(C), or 1.5Ueq(C)].
Structure refinement parameters for compounds 1a and 2b were given in Table 1 and crystallographic
data were deposited with the Cambridge Crystallographic Data Center under deposition number CCDC1484747 (1a) and CCDC-1537245 (2b), respectively.
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Table 1
Crystallographic data of crystal of compound 1a and 2b
Basic parameters

1a

2b

Chemical formula

C34H38N2O8

C34H44N2O11

Formula weight

602.66

692.74

Calculated density (Mg·m-3)

1.320

1.362

Wavelength λ (Å)

0.71073

0.71073

Cryatl system, space group

Triclinic, P-1

Monoclinic, P21/n

Unit cell dimensions

a = 7.4749 (12)

a = 7.0677(17)

b = 12.4923(19)

b = 38.091(8)

c = 16.607(3)

c = 12.609(3)

α = 89.034 (10)°

α = 90.00

β = 86.956 (10)°

β = 95.486(5)

γ = 78.183 (7)°

γ = 90.00

Volume V(Å3)

1516.7(4)

3379.0(14)

Z

4

4

Absorption coefficient (mm-1)

0.094

0.101

F (000)

640

1472

Crystal size (mm3)

0.20 ×0.18 ×0.12

0.20×0.18×0.12

θ range for data collection (°)

3.10-27.58

3.09–27.50

Temperature (K)

113(2)

113(2)

diffraction illuminant

Mo K\a

Mo K\a

R factor

0.0736

0.0991
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Figures

Figure 1
Comparison of 1H NMR spectrum of 1a, 1b, 2a and 2b in CDCl3
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Figure 2
Key HSQC correlations (H→C) and H-H COSY (H→H) correlations of 1a

Figure 3
Expansion of HSQC spectrum of 1a in CDCl3
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Figure 4
Expansion of HSQC spectrum of 2b in CDCl3

Figure 5
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Expansion of H-H COSY spectrum of 1a in CDCl3

Figure 6
Expansion of H-H COSY spectrum of 2b in CDCl3

Figure 7
Single-crystal X-ray structures of 1a and 2b

Supplementary Files
This is a list of supplementary files associated with this preprint. Click to download.
Scheme01.png
Page 15/16

Scheme02.png

Page 16/16

