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1. General Method

All chemicals and solvents were purchased and used without further purification.
Single crystal diffraction data by XtaLAB AFC12 (RINC) single crystal diffractometer was
then collected under 100 K. The light source of the single crystal diffractometer adopts Cu-
Ka (A = 1.54184) monochromatized by a graphite monochromator. Powder X-ray
diffraction (PXRD) data was collected at 40 kV, 30 mA using microcrystalline samples on
a Rigaku Ultima IV diffractometer using Cu-Ko radiation (A = 1.5418 A). The
measurement parameters include a scan speed of 0.5°/min, a step size of 0.02°, and a scan
range of 20 from 3° to 40°. Thermogravimetric analysis was performed on a Mettler-
Toledo (TGA/DSC1) thermal analyzer. Measurement was made on approximately 5 mg of
dried samples under a N, flow with a heating rate of 10 °C/min from 40 °C to 800 °C. X-
ray photoelectron (XPS) spectroscopy spectra were performed by a Thermo ESCALAB
250XI system. Liquid '"H and '3C NMR spectra were recorded on a Bruker Biospin Avance
(400 MHz) equipment using tetramethylsilane (TMS) as an internal standard. The
following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t
= triplet, q = quartet, dd = doublet of doublet, dt = doublet of triplet, m = multiplet, Flash
column chromatography was performed using Merck silica gel 60 with commercially

available solvents.
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2. Synthesis and characterization of H,L. and 1

O O  cCul,KyCO3, L-proline OH  N,H,, EtOH
H0°C_©_| + UL > HOOC A ———> Hooc &5
dry DMSO, 90 °C o 90 °C =N
H,L

Scheme S1. Synthetic route of ligand H,L.

3,5-dimethyl-4-(4-carboxyphenyl)-1H-pyrazole (H,L) was prepared according to reported
procedures.!

Synthesis of the intermediate 3-(4-carboxyphenyl)-2,4-pentanedione: 4-Iodobenzoic acid
(2.5 g, 10 mmol), copper(I) iodide (0.2 g, 1 mmol), L-proline (0.25 g, 2 mmol) and K,CO;
(5.5 g, 40 mmol) were suspended in dry dimethyl sulfoxide (80 mL) and stirred for 10
minutes at room temperature. 2,4-Pentanedione (3.1 mL, 30 mmol) was slowly added
dropwise to the mixture and the initially blue mixture turned green within five minutes.
The suspension was heated to 90 °C and stirred for 24 hours. After the mixture was cooled
to room temperature, it was slowly transferred into hydrochloric acid (3 mol/L, 500 mL)
with vigorous stirring. An additional 300 mL of water was added to the suspension and
cooled in an ice bath. A large amount of solid was observed to precipitate. After filtration
and washing with ice-cooled water, the filter cake was dried over night at 80 °C in vacuum
to afford the the target compound (1.4 g, 6.4 mmol, 64 % based on 4- iodobenzoic acid) as
off-white solid. "H NMR (400 MHz, DMSO-ds, 298 K): 6 [ppm] = 13.14 (s, 1H), 7.89 (d,
J=28.1Hz, 2H), 7.69 (d, ] = 8.2 Hz, 2H), 2.17 (s, 3H), 1.87 (s, 3H).

Synthesis of 3,5-dimethyl-4-(4-carboxyphenyl)-1H-pyrazole (H,L). A solution of 3-(4-
carboxyphenyl)-2,4-pentanedione (1.4 g, 6.4 mmol) in ethanol (20 mL) was heated at 90
°C, 3 mL hydrazine monohydrate (80% in water) in ethanol (20 mL) was slowly added
dropwise to the mixture and and the reaction continued for 3 hours. After cooling to room
temperature the solution was concentrated under reduced pressure to one third of the
original volume. The residue was slowly added dropwise to 400 mL of ice water, and the
pH of the solution was adjusted to 6-7 with dilute hydrochloric acid. A large amount of
solid precipitation was observed. The precipitate was filtered and washed three times with
ice-cooled water and dried in vacuum over night at 80 °C to afford compound H,L (1.2 g,

5.5 mmol, 86 % based on 3-(4-carboxyphenyl)-2,4-pentanedione) as a white solid. 'H
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NMR (400 MHz, DMSO-ds, 298 K): & [ppm] = 13.00 (s, 1H), 7.89 (d, J = 7.9 Hz, 2H),
7.69 (d,J = 8.0 Hz, 2H), 2.24 (s, 6H).

Caution! The volume of solution should not exceed half of the volume of Pyrex tube to

avoid overloading in solvothermal synthesis.

Synthesis of complex 1. A mixture of Cu(NOs3),-3H,0 (5.8 mg, 0.04 mmol), H,L (9.7 mg,
0.045 mmol), 0.1 M HCI (0.05 mL), N,N-dimethylformamide (1.5 mL) and mesitylene
(1.5 mL) was sealed in a Pyrex glass tube, and then the resulting mixture was heated in an
oven at 80 °C for 72 hours. Afterward the mixture was cooled to rt with a cooling rate of 5
°C per hour to produce 1 as light green crystal (10.3 mg, yield 90 %, based on Cu). IR
(KBr): 3435 (w), 2916 (w), 1654 (m), 1608 (m), 1560 (w), 1541 (m), 1493 (w), 1402 (m),
1181 (s), 1034 (m), 1015 (m), 864 (s), 781 (m), 713 (w) cm™ .

&N—Cu—Ni
0,
HN-N Cu(NO3),-3H,0, 140 c

\

/ﬁ\)\ EtOH, 3 days N
\

Scheme S2. Synthetic route of complex 2.

Synthesis of reference complex 2.> Complex 2 was prepared according to reported
procedures with slight modification.? 3,5-dimethylpyrazole (96 mg, 1.0 mmol) and
Cu(NOs),*3H,O0 (120.8 mg, 0.5 mmol) were dissolved in a mixture of
EtOH/chlorobenzene (2/1 v/v, 3 mL). The mixture was sealed in a Pyrex tube and heated
at 140 °C for 72 h in an oven. Slowly cooling to rt, complex 2 as yellowish block crystals
could be obtained. Yield: 65% based on Cu.

Synthesis of HKUST-1 followed the described procedure.? Trimesic acid (504 mg, 2.4
mmol) and Cu(NOs),*3H,0 (1038 mg, 4.3 mmol) were placed in a 100 mL Schlenk flask.
A mixture of solvents (30 mL), which was prepared at a volume ratio of 1:1:1 of each
solvent (DMF-EtOH-H20), was added to the flask and sonicated for 10 min. The Schlenk
flask was placed in an oven at 85°C for 20 hours, then the blue crystals formed at the

bottom of the flask are HKUST-1.
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Fig. S2 The structural units formed by the coordination of H,L with Cu! and Cu in the

structure of 1.

Fig. S3 Perspective view of the 3D structure of the 1 along the (a) b- and (b) c-axes.
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Fig. S4 The structure of 1 has a three-dimensional cage-like network with different
porous channels along crystallographic a-axis. The yellow and green solid balls both have
a diameter of 15 A.

Fig. SS 2-interpenetrated structure of 1 following a simplified topology.
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Fig. S6 FT-IR spectra of H,L and 1.
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Fig. S7 CO, adsorption/desorption isotherms of activated 1 at 298 K.
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Fig. S8 The SEM image and EDS of 1.

3. Single Crystal X-ray diffraction analysis of 1

Suitable single crystals of 1 were mounted with nylon loops. Data was collected on
an Oxford Diffraction XtalAB [Rigaku (Cu) Xray dual wavelength source, Ko, A = 1.5418
A] equipped with a monochromator and CCD plate detector (CrysAlisPro CCD, Oxford
Diffraction Ltd) at 100 K. The structure was solved by direct methods and refined by full-
matrix least-squares refinements based on £2.47 Single-crystal structures of compounds 1
were solved by direct methods by ShelXS in Olex2 1.2. All non-hydrogen atoms were
refined with anisotropic thermal parameters, and all hydrogen atoms were included in
calculated positions and refined with isotropic thermal parameters riding on those of the
parent atoms. Crystal data and structure refinement parameters were summarized in Table
S1. CCDC Number 2336501 (1), contain the supplementary crystallographic data for this
paper. Topology information for 1 was calculated by TOPOS 4.0.35. Systre 8 program and
the commercial software CrystalMaker X were used to identify the underlying net of MOFs
and to generate/process the .cgd file for the nets. ToposPro® program was used for
computing point symbol and vertex symbol'? of the net. The RCSR (Reticular Chemistry
Structure Resource)!'! and Topcryst (The Samara Topological Data Center)!? online
databases can be used for searching nets and checking their occurrences in crystal

structures.
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Table S1. Crystal data for 1

Parameter

1

CCDC Number
Chemical formula
Formula weight
Temperature (K)
Crystal system
Space group
a(A)

b(A)

c(A)
a(deg)

/3 (deg)

7 (deg)

V(A3
VA
Peated (g cm)

p (mm!)
F(000)
Radiation
20 range for data collection/°
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on £?
Ri®, wRy® [1> 20 ()]
R2, wR,P (all data)

Largest diff. peak/hole / ¢ A3

2336501
(Cas Has Cug Ng Oy9)y
952.59
100.01(12)
orthorhombic
Cmcem
26.5883(19)
41.9586(14)
37.5283(16)
90
90
90)
41867(4)
16
0.605
1.192
7656.0
CuKoa (A =1.54184)
6.138 to 158.314
91177
22579 [Rint = 0.1059,  Rgigma= 0.1042]
22579/0/506
0.885
R,=0.0853, wR,=0.2177
R1=0.1354, wR,=0.2478

0.76/-0.43

*Ri = Z|Fy| - [Fe [[/ZIFo|. ® wRy = {[Zw(Fo? -FEPVE[WE?) 1% w = 1/[6*(Fy?) + (aP)* + bP], where P

— [max(F2,0) + 2 F.2]/3.



4. The cyclization reactions of epoxides with CQO,.

1 (0.5 mmol%) 0
2 + co - oA
AN 2 TBAB (5 mmol%) )\/0
R 50 °C, 12h R

Scheme S3. General procedure for cyclization reaction of epoxides amine and CO,.
General procedures for cyclization reaction of epoxides and CO; by 1: Added 1 mmol
epoxides compound, 0.5 mmol% 1 and 0.05 mmol tetrabutylammonium bromide (TBAB)
into the Schlenk bottle, and mixed evenly. The air in the Schlenk bottle was removed to

maintain a vacuum, 1 atm carbon dioxide was introduced into the Schlenk bottle, and the

reaction mixture was stirred at 50 C for 12 hours. The subsequent experimental process

was same as the previous reaction.

Table S2. TOF comparison between 1 and previously reported MOFs catalysts for
cyclization reaction of epoxides and CO,

Entry Catalysts P (atm) T (C) t (h) TOF(h') Ref.
1w 16.7
1 1 50 12 This
- 8 work
2 JNM-15m 2 55 6 82.5 13
3 JINM-14w 2 55 6 78.3 13
4 JINM-13m 2 55 6 70.8 13
3 Cu MOF 1 rt 48 88.5 14
4 Cul MOF 1 rt 48 5.0 15
5 Cu! MOF® 8 70 6 115.5 16
6 JLU-Liu21t 1 80 48 7.7 17
7 Cull MOF™ 1 60 12 20.6 18
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8 Cu' MOF® 12 60 12 32 19

9 Cull MOF® 1 90 24 20.2 20
10 Cu-URJC-8® 12 25 24 3.7 21
11 Cd-MOF-1t 1 80 16 16.4 22
12 HbMOF 1 1 30 24 415 23
13 Mn-MOF® 1 it 20 8.3 24
14 Zr-MOF® 1 100 4 49.7 25
15 NUC-5w 1 80 24 2.7 26
16 NUC-21® 1 60 6 8.3 27
17 ZHZ(%’;‘;ii)[b](“"‘" 1 28 16 25.0 28
18 Zn-2PDCw 10 55 12 1.7 29
19 Cuz(‘gTBl;%l\é[g](g’ﬂ' 1 28 24 245 30
20 [Zny(TPOM) (Lo]o 1 40 16 11.9 31
21 Cd-MOFw 1 50 12 206.25 32
22 Cu'/Cu" MOF® 1 90 5 28.6 33
23 CdMOF-2w 1 45 24 3.5 34

TOF is calculated directly using the optimal conditions given in the literature. [a] Reaction condition: 1 mmol substrate,
4.8 mg compound 1 (0.005 mmol, 0.03 mmol based on Cu), 1 atm CO,, and solvent free. 12 hours after the reaction, the
yield determinned by '"H NMR with 1,1,2,2-tetrachloroethane as the internal standard.

TOF: Turnover frequency was evaluated at optimal conditions and calculated by the mole number of product per mole
number of [b]catalysts or [c]catalytic metal active per hour.
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Fig. S9 Proposed reaction mechanism for the cyclization reaction of epoxides and CO,

catalyzed by 1.

5. The cyclization reactions of propargylic amines with CO,.
rt _R
///\Br + HN-R — = ///\H

Scheme S4. General procedure for the synthesis of terminal propargylic amine (3a-3e).

General procedures for the synthesis of terminal propargylic amine: Propargylic
bromide (10 mmol) was slowly added into the benzylamine compound (50 mmol) in
dichloromethane (20 mL) via a constant pressure drop funnel over thirty minutes, and the
reaction solution was stirred at room temperature for 12 hours. The reaction mixture was
extracted three times with dichloromethane and aq. NaHCO3, and the organic layer solution
was collected and dried over anhydrous Na,SO,. The reaction mixture was concentrated
and purified by column chromatography on silica gel eluting with 10:1 petroleum

ether/ethyl acetate to afford the corresponding product as pale-yellow liquid.
0]
R R3 1 (0.5 mmol%)

) — O N_R
NH-R; + CO, DBU (5 mmol%) /\ﬂ 1
Y rt,4h R,R2

Scheme S5. General procedure for cyclization reaction of propargylic amine and CO,.
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General procedure for the cyclization reaction of propargylic amine and CO,
catalyzed by 1: Added 0.5 mmol propargylic amine compound, 0.5 mmol% 1 and 0.025
mmol 1,8-Diazabicyclo[5,4,0]-undec-7-ene (DBU) into the Schlenk bottle, and mixed
evenly. The air in the Schlenk bottle was removed to maintain a vacuum, 0.1 MPa carbon
dioxide was introduced into the Schlenk bottle, and the reaction mixture was stirred at room
temperature for 4 hours. The mixture was rinsed with dichloromethane, filtered and
collected the catalyst and filtrate. After removing the solvent from the filtrate under
reduced pressure, 0.5 mmol 1,1,2,2-tetrachloroethane was added as an internal standard,
and the yield was calculated by 'H NMR. Finally, it was purified by flash column
chromatography on silica gel (petroleum ether: ethyl acetate = 15: 1) to afford desired pure

products. Different catalysts, solvents, and others were investigated in a similar procedure.
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Table S3. TOF comparison between 1 and previously reported MOFs catalysts for
cyclization reaction of propargylic amine and CO,.

Entry Catalysts P (atm) T (°C) Solvent t(h) TOF(h') Ref.
1 a1 b 142.8 .

! 1o - o I
1u 23.8 wor
2 WYU-11m 1 60 CH;CN 24 4.1 35
3 Cu,O@ZIF-8! 1 40  CH;CN 6 3.3 36
4 [Zn}16]-MOF®! 1 70  CH;CN 12 30.5 37
5 TMOF-3-Agt 1 50 DMSO 6 1.7 38

[Cu212] -Eu-
6 MOF® 1 70 -- 12 10.2 39
CuBr@NH,-

7 MIL-101¢ 1 rt CH;CN 8 2.4 40
8 Cu//Cu MOF 1 30 -- 0.17 230 41

TOF is calculated directly using the optimal conditions given in the literature. [a] Reaction condition: 1.2 g (8.3 mmol)
substrate, 4.8 mg compound 1 (0.005 mmol 0.03 mmol based on Cu), 1 atm CO,, and solvent free. 10 hours after the
reaction, the yield determinned by 'H NMR with 1,1,2,2-tetrachloroethane as the internal standard.

TOF: Turnover frequency was evaluated at optimal conditions and calculated by the mole number of product per mole
number of [b]catalysts or [c]catalytic metal active per hour.

S15



DBU

Fig. S10 Proposed reaction mechanism for the cyclization reaction of propargylic amine

and CO, catalyzed by 1.

6. Reusability of catalyst 1

N 1 after reaction of 5a with CO,

1 after reaction of 3a with CO,

MWMM

u J Simulated
10

20 30 40 50
20 (degree)

Fig. S11 PXRD spectrum comparison of simulated (black) and recovered 1 after catalyst
for cyclization reaction of epoxides and CO, (red) and cyclization reaction of propargyl

amine and CO,.

7. Characterization of compounds 4 and 6
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o«
c A °
4-(chloromethyl)-1,3-dioxolan-2-one (4a); 'H NMR (400 MHz, CDCl;, 298 K) 6 [ppm]
=5.13-4.82 (m, 1H), 4.55 (t, /= 8.6 Hz, 1H), 4.34 (dd, /= 8.9, 5.7 Hz, 1H), 3.74 (ddd, J
=41.9,12.4, 4.1 Hz, 2H). 3C NMR (101 MHz, CDCls, 298 K) & [ppm] = 154.82, 74.80,
67.22, 44.48.
o)
o<
Br\)\/o
4-(bromomethyl)-1,3-dioxolan-2-one (4b); 'H NMR (400 MHz, CDCls, 298 K) & [ppm]
=5.09 -4.84 (m, 1H), 4.58 (td, /= 8.5, 2.6 Hz, 1H), 4.33 (dq, /= 8.6, 4.1 Hz, 1H), 3.75 —
3.40 (m, 1H). BC NMR (101 MHz, CDCls, 298 K) 6 [ppm] = 154.35, 74.10, 68.14, 31.83.

o)
o<
o
4-(phenoxymethyl)-1,3-dioxolan-2-one (4¢); "H NMR (400 MHz, CDCls, 298 K) 6 [ppm]
=7.30 (t, J= 7.8 Hz, 2H), 7.01 (t, J= 7.3 Hz, 1H), 6.90 (d, J = 8.1 Hz, 2H), 5.04 — 4.98
(m, 1H), 4.59 (t, /= 8.4 Hz, 1H), 4.55 - 4.47 (m, 1H), 4.24 (d, J= 3.9 Hz, 1H), 4.12 (dd,
J=10.5, 3.4 Hz, 1H). 3C NMR (101 MHz, CDCl;, 298 K) & [ppm] = 157.85, 154.88,
129.75, 122.00, 114.68, 74.33, 66.95, 66.27.
o)
o<
/\/0\/’\/0
4-((allyloxy)methyl)-1,3-dioxolan-2-one (4d); 'H NMR (400 MHz, CDCls, 298 K) &
[ppm] = 5.85 - 5.75 (m, 1H), 5.25 -5.10 (m, 2H), 4.78 (td, J=9.4, 3.4 Hz, 1H), 4.44 (t,J
= 8.4 Hz, 1H), 4.31 (dd, J = 8.3, 6.1 Hz, 1H), 3.98 (dd, /= 5.7, 1.7 Hz, 2H), 3.68 — 3.45

(m, 2H). *C NMR (101 MHz, CDCls, 298 K) & [ppm] = 155.51, 155.05, 133.71, 117.55,
75.19, 72.34, 68.81, 66.16.
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\ro\/'\/o
4-(isopropoxymethyl)-1,3-dioxolan-2-one (4¢); 'H NMR (400 MHz, CDCls, 298 K) &
[ppm] =4.79 — 4.74 (m, 1H), 4.46 (t,J = 8.3 Hz, 1H), 4.34 (dd, /= 8.3, 6.0 Hz, 1H), 3.72
—3.44 (m, 3H), 1.12 (d, /= 6.2 Hz, 6H). 3C NMR (101 MHz, CDCl;, 298 K) 8 [ppm] =
155.22,75.33, 72.95, 67.16, 66.47, 21.92, 21.81.

o)
oA
1,4-bis(4-bromophenyl)buta-1,3-diyne (4f); '"H NMR (400 MHz, CDCls, 298 K) 8 [ppm]
=4.79 —4.69 (m, 1H), 4.44 (t, J= 8.2 Hz, 1H), 4.33 (dd, /= 8.2, 6.7 Hz, 1H), 3.70 — 3.33
(m, 1H), 1.15 (s, 9H). BC NMR (101 MHz, CDCls, 298 K) 6 [ppm] = 155.30, 75.33, 73.82,

66.53, 61.29, 27.28.
o)

PN
0

3-benzyl-5-methyleneoxazolidin-2-one (6a); 'H NMR (400 MHz, CDCls, 298 K) 6 [ppm]
=7.41-7.25 (m, 5H), 4.74 (d,J=3.0 Hz, 1H), 4.47 (s, 2H), 4.25 (d, J= 2.9 Hz, 1H), 4.03
(s, 2H). 3*C NMR (101 MHz, CDCls, 298 K) & [ppm] = 155.67, 149.02, 135.02, 128.99,
128.26, 128.18, 86.75, 47.82, 47.25.

(o)

N
ohel

3-(4-methylbenzyl)-5-methyleneoxazolidin-2-one (6b); 'H NMR (400 MHz, CDCl3, 298
K) 6 [ppm] = 7.18 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.69 (q, J = 3.1 Hz, 1H),
4.37 (s, 2H), 4.21 (q, J= 2.5 Hz, 1H), 3.98 (t,J= 2.4 Hz, 2H), 3.78 (s, 3H). *C NMR (101
MHz, CDCl;, 298 K) 6 [ppm] = 7.18 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.69 (q,
J=3.1Hz, 1H), 4.37 (s, 2H), 4.21 (q, J = 2.5 Hz, 1H), 3.98 (t, J = 2.4 Hz, 2H), 3.78 (s,
3H).
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(o)
O/U\N/\©\
)_/ o~
3-(4-methoxybenzyl)-5-methyleneoxazolidin-2-one (6¢); 'H NMR (400 MHz, CDCls,
298 K) & [ppm] = 7.18 (d, J = 4.6 Hz, 2H), 6.86 (d, J = 4.1 Hz, 2H), 4.69 (p, J = 3.0 Hz,
1H), 4.38 (d, J= 3.7 Hz, 2H), 4.24 — 4.17 (m, 1H), 3.99 (d, J = 2.3 Hz, 2H), 3.78 (s, 3H).

13C NMR (101 MHz, CDCl3, 298 K) & [ppm] = 159.56, 155.56, 149.10, 129.60, 127.01,
114.31, 86.61, 55.31, 47.21, 47.09.

0 F
o)LN/\©\
Ve '

3-(2,4-difluorobenzyl)-5-methyleneoxazolidin-2-one (6d); 'H NMR (400 MHz, CDCl;,
298 K) 6 [ppm] = 7.37 - 7.27 (m, 1H), 6.91 — 6.76 (m, 2H), 4.70 (q, J = 2.8 Hz, 1H), 4.46
(s,2H), 4.25 (q,J=2.5 Hz, 1H), 4.08 (s, 2H). BC NMR (101 MHz, CDCl3;, 298 K) & [ppm]
=159.88, 159.76, 155.45, 148.79, 131.90, 131.85, 131.80, 131.75, 118.31, 118.27, 118.15,
118.12, 112.11, 112.07, 111.90, 111.86, 104.33, 104.07, 103.82, 86.91, 47.50, 40.80

5-methylene-3-(pyridin-2-ylmethyl)oxazolidin-2-one (6¢); '"H NMR (400 MHz, CDCls;,
298 K) 6 [ppm] = 8.54 (d, J=4.2 Hz, 1H), 7.7 — 7.68 (m, 1H), 7.29 (d, J = 7.7 Hz, 1H),
7.22 (dd, J=17.6,4.9 Hz, 1H), 4.72 (q, J = 2.8 Hz, 1H), 4.56 (s, 2H), 4.25 (q, J = 2.4 Hz,
1H), 4.22 (t, J = 2.4 Hz, 2H). 3C NMR (101 MHz, CDCl;, 298 K) 8 [ppm] = 155.85,
155.14, 149.59, 149.17, 137.16, 122.95, 122.29, 86.69, 49.22, 48.12.

o

PN

O NH
4,4-dimethyl-5-methyleneoxazolidin-2-one (6f); '"H NMR (400 MHz, CDCl;, 298 K) &

[ppm] = 6.85 (s, 1H), 4.65 (d, J = 3.4 Hz, 1H), 4.24 (d, J = 3.4 Hz, 1H), 1.47 (s, 6H). 3C
NMR (101 MHz, CDCls, 298 K) § [ppm] = 162.21, 155.71, 84.26, 58.39, 29.38.
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'H NMR and 3C NMR spectra of compounds 4 and 6

-
QQQ
- T
1 | ! 1 | ! I | ! I

7 6 5 4 3 2 1 ppm

o
O

'"H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 4a.

[
=0} o ™ s8]
< o N <
p) < I~ <
- ~ © <
(I
ct AP
|
| . T ; T T T T T T T T T T
160 140 120 100 80 60 40 20 PpmM

BC NMR spectrum (101 MHz, CDCls, 298 K) of compound 4a.

S25



4.97
4.96
4.95
4.95
4.93
4.93
4.60
4.58
457
4.56
4.34
§4 32
383
[Q &1
3.59
3.58
3.57
3.55

\ -

cee

|2.07

3 2 1 'ppm

~
»
8
5N

'"H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 4b.

U]

[ap) o = [0

< A @

wn < @ —

2 ~ © ™

(I
Br\/k/

|
T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 ppm

BC NMR spectrum (101 MHz, CDCl;, 298 K) of compound 4b.

S26



0L'¥1
LR
ANA
€L¥1
LE'¥ 1
LE'¥ 1
CIAA

AN
By
LS'Y
€Sy
ISV
65 ¥
L9y

667
L0'S
c0's
€0'S

68'9
16°9
66'9
Ll0°L

€0'L
8c¢'L
0og'L
ce'L

/66°0
360

|Mﬁmm.o i

L0

S

_176%0

J,mw.r i

'H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 4c.

12799 ~
S6°99 /
eevsL

89vLL <
00zzZL —
G.6ZL

88'tGL ~
Ge'LGL 7

BBC NMR spectrum (101 MHz, CDCl;, 298 K) of compound 4c.

S27



€6°€7
1R
SG'¢g
29'¢
€9°¢ 1
G9'¢ 1
G9'¢€ 1
16'¢€ 1
16°¢1
86'¢
66°¢
oev
LEY
[A% 4
eer
vy
vr'v
YA
9LV
8LV
6LF
o8'v
cl's
GlL'g
6L°G
€2'S
9.'G
6L°G
L8'S

SN

clc

0¢
o't

Ot

o't
z0'C

60

ppm

'"H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 4d.

91°99\
18°89 ~
ve'ZL
61527

SGLLL—

LLeel —

S0'GS1L
1 GGG v

13C NMR spectrum (101 MHz, CDCl;, 298 K) of compound 4d.

S28



LY

ey
vS€
SS°€
1S€ 1
85°€ 1
65°€ 1
19°€

19°E 7
z9'g
v9's
go'c
ze'y
ve'y
ve'y
oc't
vry
op'p
St 1
IRE
s.v
9Lt
RE
R
61"

J\No.@

oel

c0'L

'66°0

oL

'H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 4e.

_‘w._‘mv.

é6’le

Ly'99~\
oL'L9~
S6'2L
€€°G.

¢Z'GG1 —

13C NMR spectrum (101 MHz, CDCl;, 298 K) of compound 4e.

S29



NOOTONOTNWTONODDNN DO O © u
PSRN OOMO00NWN T < N
TISTTISITITSISISITITITOOONOOO D N
. :

|
|

. | | . ; : :
7 6 5 4 3 2 1 Ppm

'H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 4f.

% DN (s0]
s M 0 © N ol
uw w MmO — ™~
- M~ I~ © © o
NS
>|’0
1 1
]
T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 pPpm

13C NMR spectrum (101 MHz, CDCl;, 298 K) of compound 4f.

S30



€e0'v
mN.vW
se'v
VA A

mh.vM.

VLY

8¢'L
62,
£e’L
Ge'L
9L
8¢'L
6e’L

Z02Z
lwfmo._,

3202
00l

'"H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 6a.

SZ' L~
z8 v

G198 —

8L'8cl
wm.wNFW
66°'8¢l .\.
co'sel

coevrl —
L9661 —

20 ppm

13C NMR spectrum (101 MHz, CDCl;, 298 K) of compound 6a.

S31



8L'¢
L6°¢E
86°¢t
66°¢c

0zZ'¥
0Z't
1Zh
NN._u\
ISY
891
69t
691
oLY

G8'9
hm.mv.

NF.\.M.

6L°L

/6'C
- 0¢
o'l

_MWD.N
- o'l

- 0¢
- c0'¢

"H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 6b.

60 LY
NN.EV
2865

2e'98 —

eyl —

L0221 ~
09621~

60'6¥L —
8G°GG1L ~
96651 —

20 ppm

13C NMR spectrum (101 MHz, CDCl;, 298 K) of compound 6b.

S32



8l'¢
16°¢
86'¢
86'¢
66'¢
66'¢t
6LY
ocy
X 4
Ly

(XA 4
NN.?\
LEY
8e'y

9%
89t
69t
0Lt
LL'Y

989
\uw.mv.

8l'L
mr.hw

\

(AORS

0¢

c0'L
6L

o'l

L0°¢
6L

'H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 6c¢.

B0 LY
E.QV
Le66

1998 —

Levil —

L0 L2 ~
09621~

oLevl —
956G} ~
98651 —

S33

120

140
BC NMR spectrum (101 MHz, CDCl;, 298 K) of compound 6c¢.

160




80"
vZ'v
Y2y
TS
9z Y
o'
69
oLy
0L
VLY
6L'9
189
¥8'9
G8'9
98'9
68'9

6¢'L
e L
£ee’L

Ge'L

N

16°L
€0’ L

'66°0

6L

60

00¢|

ppm

'"H NMR spectrum (400 MHz, CDCls, 298 K) of compound 6d.

og'of —
0s'Ly —
L6°98
¢g8'€0l
L0'¥0l
eevol
98'LLL
06°LLL
LOCLL
L2kl
ZL'8Ll
SL'8LL
L2'8LL
LE8LL

SLLEL
0g'Lel
g8'lel

o6'Lel
6L8FI

St'SSL
E.mmv/

88'651

tapsriuabuia it

20 ppm

BC NMR spectrum (101 MHz, CDCl;, 298 K) of compound 6d.

S34



b2
zz v
zTY
AL
STV
9T'¥ 1
9Z'¥ 1
95y
1LY
zLy
zLy
€LY
0T'L
LZ'L
zT'L
€T'L
8T,
0€'L
99,
1971
89'L
89/
0L'L
0L'L

mm.mv.

y5'8

cee
T

ppm

'H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 6e.

z/ N\

ZL'8% ~\
zzer”

-
o H_/
o

6998 —

B Ccl

s6zzl 7

9L LEL —
L6yl V.

6S 6|
PL'GSL =7
G8'GSGl /

20 ppm

13C NMR spectrum (101 MHz, CDCl;, 298 K) of compound 6e.

S35



6.85
4.65
4.64

AZ

La,
<

4.24
423

1.00 e
1.045%.__

-
6.19—=f_

— 162.21

— .
6 5 4 3 2 1 ppm

~ 1.06%?-

'H NMR spectrum (400 MHz, CDCl;, 298 K) of compound 6f.

-
M~ o » 0
G N % %
T9] < [0} (9)]
- s8] n o™

O
O/ILNH
7

: | :
60 140 120 100 80 60 40 20 ppm

3C NMR spectrum (101 MHz, CDCls, 298 K) of compound 6f.

S36



