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Section S1. Materials and Methods. All starting materials for the synthesis were purchased from
commercial providers and used without further purification (Sigma-Aldrich, Merck and the
others). FT-IR spectra were recorded using a Nicolet Fourier Transform IR, Nicolet 100
spectrometer in the range 400-4000 cm-1 using the KBr disk technique. X-ray powder diffraction
(PXRD) measurements were performed using a Philips X’pert diffractometer with
monochromated Cu-Ka (A=1.54056 A) radiation. The N2 adsorption/desorption isotherm was
measured at 77 K using a Micromeritics ASAP 2020 analyzer. The specific surface area was
calculated by the Brunauer-Emmett-Teller (BET) method. The samples were characterized with
by scanning electron microscopy (SEM) ZEISS SIGMA VP (Germany) with gold coating. The
samples were characterized using energy dispersive X-ray spectroscopy (EDAX) on a CamScan
MV2300 instrument with gold coating. Echrom GC A90 gas chromatography with a flame-
ionization detector (China) was employed (Agilent HP-5 capillary column, 30 m x 0.320 mm x
0.25 pm, temperature limits from 60 °C to 325 °C) for the symmetric reactions products. For
determining the enantiomeric excess (ee), a chiral column was used (Agilent CYCLODEX-B
capillary column, 30 m x 0.25 mm x 0.25 um, temperature limits from 50 °C to 230 °C).



Section S2. Structural Characterization
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Figure S1. N, sorption isotherms of MOF-801(D) at 77 K.
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Figure S2. N, sorption isotherms of CMOF-801(ASP-25) at 77 K, showing

hysteresis loop.
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Figure S3. N, sorption isotherms of CMOF-801(ASP) at 77 K, showing hysteresis
loop.
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Figure S4. TGA curves of the CMOF-801(ASP) obtained before and after activation
treatment for confirmation of generated defect sites, measured under 15 °C/min

heating rate and N, carrier gas flow.



Calculation of fumarate and aspartate ligands in CMOF-801(ASP)

The total weight loss in wt.% between 190°C (ligand containing state) and 519 °C (ligands are
decomposed) for CMOF-801(ASP) was calculated to be 41.22%.

The detailed calculations are;

CMOF-801(ASP): (90.94-53.45)/90.94 = 41.22 %

By taking into account, one of the six ligands is missed, and two aspartic acid present in the formula
of the dehydrated MOF-801 to form a defect structure, theoretical loss of all ligands to be

calculated as follows:

Z1504(0,C-(CH),-C0O2)5(0,C-(CH;)-(CHNH,)-CO,), [M.W=1257.73]

MW of (ZrO,)¢ = 739.272

Then estimated weight loss will be: (1257.73-739.272)/1257.73 = 41.22 %

Therefore, we can estimate that almost 1/6 ligand of its perfect crystal structure was missed in

CMOF-801(ASP), and two aspartic acid were substitued in the two fumaric acid position.
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Figure S5. BCNMR of (I) L-Aspartic acid, (I) CMOF-801(ASP), (III) Fumaric acid (IV) MOF-
801(D)
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Figure S6. XPS spectra of N1s in CMOF-801(ASP), clarified high density of NH;* relative to
NH,.
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Figure S7. Circular dichroism (CD) spectra of (a) pure L-aspartic acid in aqueous

solution.
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Figure S8. Circular dichroism (CD) spectra of (a) CMOF-801(ASP-25) dispersed
in aqueous solution
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Figure S9. Circular dichroism (CD) spectra of (a) CMOF-801(ASP) dispersed in
aqueous solution.
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Figure S10. SEM images for MOF-801(D).
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Figure S11. SEM images for CMOF-801(ASP).
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Figure S12. SEM images of MIP-202(Zr) sample obtained from reaction without
stirring. with permission from !.
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Figure S13. EDS spectra, and SEM-EDX elemental mapping of MOF-801(D).
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Figure S14. EDS spectra, and SEM-EDX elemental mapping of CMOF-801(ASP).
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Section S3. Ring-opening reaction Characterization

Table S1. Optimization reaction condition for Ring-opening reaction

of L-ASP& ZrCly

Entry | Catalyst Temperature (°C) Time Conversion (%) | Ee (%)
1 MOF-801(P) R.T 5 minutes 2 -
2 MOF-801(P) 50°C 24 hour 20 -
3 MOF-801(D) R.T 5 minutes 83 -
4 CMOF-801(ASP- | R.T 5 minutes 90 R
25)

4 CMOF-801(ASP) | R.T 5 minutes 100 R
5 Fumaric acid R.T 5 minutes 5 -
6 L-Aspartic acid R.T 5 minutes 8 R
7 ZrCly R.T 5 minutes 5> -
8 Physical mixture | R.T 5 minutes 10> -
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Table S2. Reaction scope for Ring opening reaction of epoxides with various nucleophiles
catalysed in the presence of CMOF-801(ASP) as a heterogeneous catalyst?

Entry Alcohol Epoxide Product Corzzf/i;:ion
o) \o
1 Methanol A@ @)\/ oH 100
e (0]
2 Ethanol % @)\/ oH 48¢
o]
(o)
3 2-propanol ©)\/OH 13¢
\o
R,
4 Methanol C 8¢
OH

2 Reaction conditions: epoxide (30 mg), alcohols (2 mL), CMOF-801(ASP) catalyst (5 mg), room
temperature, 5 minutes.

b Isolated product determined by GC.

CIn 15 minutes.
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Figure S15. PXRD pattern comparison before and after using of CMOF-801(ASP)
chiral catalyst for ring opening reaction.
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Figure S16. FTIR spectrum comparison (a) before and (b) after using of CMOF-801(ASP) chiral
catalyst for ring opening reaction.
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Figure S17. Circular dichroism for characterization of major enantiomer for the

ring-opening reaction.
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Figure S18. Reusability tests of CMOF-801(ASP) for Ring-opening reaction.
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Figure S19. '"H NMR of 2-methoxy-2-phenylethan-1-ol in D,SO,.

24



1.1x10%4
1.0x%10°%
9.0%107
8.0x107
7.0%x1074
6.0%10
5.0x107
4.0%10"
3.0%x1074
2.0%x1074

1.0x107 4

-1.0%107

0.04—

H, ,OCH;
2 OH

0.0

0.5 1.0 1.5 2.0 25 3.0

55 6.0 6.5

Figure S20. GC chromatogram for the ring-opening of styrene epoxide catalyzed
by CMOF-801(ASP)
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Figure S21. Chiral GC chromatogram for the ring-opening of styrene epoxide

catalyzed by CMOF-801(ASP)
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Table S3. Comparison of CMOF-801-(ASP) with other catalysts in ring-opening
reaction for epoxy styrene.

Entry | Catalyst Tem | Time Yield (%) Ref.
p
O
1 Ui0-66 55 12h 100 2
2 (R)-MOF-1 60°C | 24 95 3
3 R)-3 40°C |24 48 4
4 R)-3 60 °C | 24 66 4
5 TMU-50S 60 °C | 32 98 5
6 MOF-801(P) R.T 5 minuets | 10 This work
7 MOF-801(D) R.T 5 minuets | 83 This work
8 MOF-801(ASP) | R.T 5 minuets | 100 This work
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Section S4. Henry reaction Characterization

Table S4. Optimization reaction condition for Henry reaction.

Entry | Catalyst Temperature (°C) | Time Conversion (%) | Ee (%)
1 MOF-801(P) R.T 24 hour 15 -

3 MOF-801(D) R.T 5 minutes 89 -

4 CMOF-801(ASP-25) | R.T 5 minutes 92 R

4 CMOF-801(ASP) R.T 5 minutes 100 R

5 Fumaric acid R.T 5 minutes N.R -

6 L-Aspartic acid R.T 5 minutes 5> R

7 ZrCly R.T 5 minutes 14 -

8 Physical mixture of | R.T 5 minutes 17 -

L-ASP& ZrCly
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Table SS5. Reaction scope for Henry Reaction with various substituted benzaldehyde and
nitromethane catalysed in the presence of CMOF-801(ASP) as a heterogeneous catalyst ?

Conversion

Entry Aldehyde Solvent Product (%)
(1]

MeOH 100

(o] OH
NO,
H
(o] OH
NO,
2 H MeOH 100
O2N O2N

le) OH
NO,
3 H MeOH 81
H3;CO H;CO

o OH
NO,
4 H MeOH 100
cl cl

a Reaction conditions: aldehyde (2 mmol) and nitromethane (5 mmol) in 2 mL of MeOH at room
temperature for 15 minutes.

b Isolated product determined by GC.
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Figure S22. PXRD pattern comparison before and after using of CMOF-801(ASP)
chiral catalyst for Henry reaction.

30



Transmittance (a.u.)

1149

3200

3500 3000 2500 2000 1500 1000

Wavelength (cm)

Figure S23. FTIR spectrum comparison (a) before and (b) after using of CMOF-
801(ASP) chiral catalyst for nitroaldole reaction.
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Figure S24. Circular dichroism for characterization of major enantiomer for the
Henry reaction.
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Figure S26. '"H NMR of 2-Nitro-1-phenylethan-1-ol in D,SO,.
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Figure S27. GC chromatogram for the Henry reaction catalyzed by CMOF-
801(ASP).
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Figure S28. Chiral GC chromatogram for the ring-opening of styrene epoxide

catalyzed by CMOF-801(ASP)
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Table S6. Comparison of CMOF-801-(ASP) with other catalysts Henry reaction.

Entry | Catalyst Tem | Time Yield (%) Ref.
p
(O
1 Zn-MOF 70 48h 84 6
2 Cd-MOF R.T 72h 89 7
3 Sm-MOF 70 36h 43 8
4 [Cd2(Cu(salen)- | R.T 48h 31 9
MOF
5 Pd@DP- R.T 20h 96 10
Z1F67/CalA
6 MOF-801(P) R.T 15 minuets | 8 This work
7 MOF-801(D) R.T 15 minuets | 80 This work
8 MOF-801(ASP) | R.T 15 minuets | 100 This work
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Section S5. Oxazolidinone formation reaction Characterization

Table S7. Optimization reaction condition for Oxazolidinone formation

L-ASP& ZrCly

Entry | Catalyst Temperature Time | Pressure | Conversion | Ee (%)
°O) (hour) | (atm) (%)
1 MOF-801(P) 90 12 1 15 -
3 MOF-801(D) 90 12 1 20 -
4 CMOF-801(ASP- | 90 12 1 76 S
25)
4 CMOF-801(ASP) |90 12 1 90 S
5 Fumaric acid 90 12 1 N.R -
6 L-Aspartic acid 90 12 1 N.R S
7 ZrCly 90 12 1 N.R -
8 Physical mixture of | 90 12 1 7 -
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Table S8. Reaction scope for the three-component cycloaddition of CO, with aromatic
amines and substituted epoxides in the presence of CMOF-801(ASP) as a heterogeneous

catalyst?
Entry Aromatic amine Epoxide Product CO[EXZ;:ion
(o]
O
(0] N
1 NH, 90
)L
(o) N
2 NH; o 72
(0]
: )J\ NO
o N 2
(o]
0]
)L SH
(0] N
4 HSONHZ 83

@ Reaction conditions: epoxide (6.0 mmol), aromatic amine (2.0 mmol), CO, (1 bar), CMOF-
801(ASP) catalyst (50 mg), solvent-free, 12 h, 90 °C.



b Isolated yield calculated with respect to aromatic amine as determined by GC

—— After oxazolidinone formation
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Figure S29. PXRD pattern comparison before and after using of CMOF-801(ASP)
chiral catalyst for oxazolidine formation reaction.
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Figure S30. FTIR spectrum comparison (a) before and (b) after using of CMOF-
801(ASP) chiral catalyst for oxazolidinone formation reaction.
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Figure S31. Circular dichroism for characterization of major enantiomer for the
oxazolidinones formation reaction.
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Figure S32. Reusability tests of CMOF-801(ASP) for oxazolidinone formation

reaction.
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Figure S33. '"H NMR of 3,5-diphenyloxazolidin-2-one.
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Figure S34. GC chromatogram for the oxazolidinone conversion though
cycloaddition of CO, into styrene epoxide catalyzed by CMOF-801(ASP).
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Figure S35. Chiral GC chromatogram for the oxazolidinone conversion though
cycloaddition of CO, into styrene epoxide catalyzed by CMOF-801(ASP).
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Table S9. Comparison of CMOF-801-(ASP) with other catalysts in oxazolidine
formation reaction.

Entry Catalyst Tem | Press Time Co- Yield Ref.
p (bar) (hour) catalyst (%)
O
1 Ni-MOF 90 1 12 TBAI 78 11
2 Ui0-66 85 1 12 - 78 12
3 MOF-801(P) 90 1 12 - 7 This
work
4 MOF-801(D) 90 1 12 - 20 This
work
5 CMOF-801(ASP) | 90 1 12 - 90 This
work
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