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Metal ions: metal clusters (secondary building units)
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How to synthesize MOFs?

Reticular synthesis
Building blocks
O :
/ Strong bonding
>
Metal ions Organic linkers

Structural rigidity and integrity

remained unchanged

Retrosynthesis: within the building blocks, bonds break and form

Supramolecular assembly: building blocks are linked by non-covalent interactions

Furukawa, H.; Cordova, K. E.; O'Keeffe, M.; Yaghi, O. M. Science 2013, 3417 (6149), 1230444.
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Too fast crystalline growth with

8 10 ol
Zgisfconium(IV) chloride |
299 9oy

b trace metals basis

relatively amorphous structures
Heat

ZrCls 4 4'-biphenyldicarboxylic acid

Reversible and dynamic formation of crystals: modulators
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Organic waste Remove solvent
Wash with reaction solvent Vacuum and heat
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Wash with aqueous solvent

Aqueous waste
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Powder X-ray diffraction (PXRD)
_ Single crystal X-ray diffraction
determine bulk crystallinity of MOF samples by

obtain direct crystal structure of MOFs

comparing with simulated structures
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Dobdc = 2,5-dioxido1,4-benzenedicarboxylate
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Thermogravimetric analysis Aqueous stability testing
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NMR spectroscopy

Confirm the absence of organic linkers, modulators and solvent molecules
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Enhanced reactivity — MOF with dual active sites enabled cross coupling

Enzyme: multiple active sites MOF: multiple catalytic centers

Quan, Y.; Song, Y.; Shi, W.; Xu, Z.; Chen, J. S.; Jiang, X.; Wang, C.; Lin, W. J Am Chem Soc 2020, 742 (19), 8602-8607.
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B Jiang, JACS, 2019

DPZ (0.5 mol%)

] LA (20 mol%) | N
P N Hantzsch ester (1.5 equiv) NZ ’
©)J\H /\O\l 35 mg MS " "o
CHCIs/CeFsH = 4:1 Up to 93% yield, 90% ee
-50 °C, 3 W Blue light, 60 hr >30 examples

oo— |
MeO < | NICN
MeO \Sl NZ SN

Photocatalyst: DPZ Ar =2,4,6-iPrsCeH>

Two key components: PC + Lewis acid
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Quan, Y.; Song, Y.; Shi, W.; Xu, Z.; Chen, J. S.; Jiang, X.; Wang, C.; Lin, W. J Am Chem Soc 2020, 7142 (19), 8602-8607.
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0.14 mmol

Quan, Y.; Song, Y.; Shi, W.; Xu, Z.; Chen, J. S.; Jiang, X.; Wang, C.; Lin, W. J Am Chem Soc 2020, 7142 (19), 8602-8607.
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@) OH @) OH
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Al(NO3)3 L] HQO / N
|
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HO @) HO O
0.14 mmol 2 equiv 5.3 equiv

Quan, Y.; Song, Y.; Shi, W.; Xu, Z.; Chen, J. S.; Jiang, X.; Wang, C.; Lin, W. J Am Chem Soc 2020, 7142 (19), 8602-8607.



Enhanced reactivity — MOF with dual active sites enabled cross coupling

Construction of MOF: Lewis acid (Al) + Ir

@) OH @) OH
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| _N 3 mL DMF
>
AI(NO3)3 ® H0 = IN 120 °C, 12h
™ A
HO (@) HO (@)
0.14 mmol 2 equiv 5.3 equiv

Quan, Y.; Song, Y.; Shi, W.; Xu, Z.; Chen, J. S.; Jiang, X.; Wang, C.; Lin, W. J Am Chem Soc 2020, 7142 (19), 8602-8607.
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Quan, Y.; Song, Y.; Shi, W.; Xu, Z.; Chen, J. S.; Jiang, X.; Wang, C.; Lin, W. J Am Chem Soc 2020, 7142 (19), 8602-8607.
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O N

2 equiv 1 equiv 90% vyield
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without light none
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Catalytic reactivity
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Ir(Me2dcbpy)(ppy2)Cl (0.13 mol%)

O O A
>\—C5H11 Al(OTf)s (0.5 mol%) CHi, N
N—O X > | |
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Organic synthetic applications of MOFs

What are possible organic synthetic applications of MOFs?

Case study 2: Novel reagents based on MOFs
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Fluoxetine Fleroxacin analog
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F
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F
vinylidene fluoride trifluoropropene 0
i
(VDF) (TFP) os. C .0
| \C"“lvl <
(0]
R CFj4 _o” N
¢ A o1
F i
F F O
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Me” N O\©\ F CO,H Me NH,
CF

| O N
3 (\N N .
N\) F k/F —
Me” X
F
Fluoxetine Fleroxacin analog Seletracetam
antidepressant antibacterial anticonvulsant
i CF
=< 0 Balloon Molecular precursor Porous reagent holders
F
vmylldens I;‘Iuonde trlfluotlc_f;opene ICI)I aplvert
(VDF) (TFP) os. & 40
| \C%I\/’o"&c
F CFj4 _o” N
— A o1
F i
F F O
hexafluoropropene trifluoromethyl iodide
(HFP) (TEMI) product

” substrate

Underexplored gaseous fluorination reagents co

Keasler, K. T.; Zick, M. E.; Stacy, E. E.; Kim, J.; Lee, J. H.; Aeindartehran, L.; Runcevski, T.; Milner, P. J. Science 2023, 387 (6665), 1455-1461.
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Novel reagents based on MOFs

Thermal and chemical stability

Maximum pore volume

product

Favorable and reversible adsorption of fluorinated gases
“substrate

s/ high pore volume

s/ reversible adsorption

J high thermal stability

M2(dobdc)

M = Mg, Mn, Fe, Co, Ni, Cu, Zn

Which metal ion should be employed?
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Novel reagents based on MOFs

Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases
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1@ Fe,(dobdc)
77 ® Co,(dobdc) 2o
1@ Ni,(dobdc) —@—
64 ® Cu,(dobdc) o
1@ Zn,(dobdc) o
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4™ Cuybto),
A Fe,0(OH)(btc), &
14 ALOOH)(NH,-bdc),
37 ¢ ZeoliteY .
2' A =<|:
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- AH,___(kJ/mol)
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o

)

-AH = 37.7 kd/mol (experimental value)

hard-soft acid-base match (Mg?+ and F)

storage cap = 7.95 mmol/g, 34 wt%
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Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases
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Novel reagents based on MOFs

Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases

g- ® Mg, (dobdc)
® Mn,(dobdc) B .
7' ® Fe,(dobdc)
1® Co,(dobdc)
1@ Ni (dobdc) - e &'
6-1@® Cu,(dobdc) O
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54 © Mg,(m-dobdc) &
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| A Fe,O(OH)(btc), &
A AlLLO(OH)(NH,-bdc),
314 Zeolite Y
2 - I A I =<
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- AH,___(kJ/mol)

Volume of 1 mmol gas

Volume (mL)
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N
(&)
|
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o
|

23 mL
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Novel reagents based on MOFs

Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases

g- ® Mg, (dobdc)
® Mn,(dobdc) B .
7' ® Fe,(dobdc)
1® Co,(dobdc)
1@ Ni (dobdc) - e &'
6-1@® Cu,(dobdc) O
1@ Zn,(dobdc) o
54 © Mg,(m-dobdc) &
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4- B Cu,(btc),
| A Fe,O(OH)(btc), &
A AlLLO(OH)(NH,-bdc),
314 Zeolite Y
2 - I A I =<
15 20 25 30 35 40

- AH,___(kJ/mol)

Volume of 1 mmol gas

Volume (mL)

25 ~

20 -

N
(&)
|

RN
o
|

23 mL

0.13 mL
gas gas—MOF
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Novel reagents based on MOFs

Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases
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A AlLLO(OH)(NH,-bdc),
314 Zeolite Y
2 - I A I =<
15 20 25 30 35 40

- AH,___(kJ/mol)

Volume of 1 mmol gas

Volume (mL)

25 ~
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N
(&)
|
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o
|

23 mL

170-fold
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\/

0.13 mL
gas gas—MOF
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Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases
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Novel reagents based on MOFs

Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases

g]® Mg, (dobdc)
® Mn,(dobdc) B
1@ Fe,(dobdc)
’1e Co,(dobdc) i
1@ Ni (dobdc) — e @
6 ® Cu,(dobdc) o)
1@ Zn,(dobdc) o
54 © Mg,(m-dobdc) &
4 © Ni,(m-dobdc)
44® Cuybto),
A Fe,O(OH)(btc), &
14 ALOOH)(NH,-bdc),
37 ¢ ZeoliteY .
2' A =<|:
15 20 25 30 35 40

- AH,___(kJ/mol)

Mg2z(dobdc)

-AH = 37.7 kd/mol (experimental value)

hard-soft acid-base match (Mg?+ and F)

—@ storage cap = 7.95 mmol/g, 34 wt%

Under air: stable for one week at rt
stable at 120 °C for 24 hr
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Quantitative evaluation

enthalpy of adsorption (-AH ): large value indicates favorable adsorption

storage capacity: volume of fluorinated gases
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Storage capacity (mmol/g)
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® Mn,(dobdc) 0 Mgz(dobdc)
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4- m  Cu,(btc),
| A Fe,0(OH)(btc), &
A AI,O(OH)(NH,-bdc),
314 Zeolite Y .
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15 20 25 30 35 40

- AH, _(kJ/mol)
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Mgz(dobdc) at 300 °C

Activation of

V)4

Novel reagents based on MOFs

1 bar VDF gas at 0

°C for 40 min

100 - sonicate *
% 80-
S
S
—~ 60+
©
o
2
E’ 40 - )
E - o-Et20
S 207 e PhMe
) -o- DMF
0 - - —® -o- DMF (wax)
0 5 10 60 65 70
Time (min.)

solid-addition

Bring into glovebox,

freeze at -30 °C for 10 min

funnel

direct addition

(sonicate)

VDF —Mg2(dobdc)

wax capsule
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o BOH): F Pd(TFA)2(dtbbpy) (10 mol%)
R— =< > X
_ . DMF, 80 °C, 24h R _
VDF —Mg2(dobdc)
1 equiv ~8 equiv
F
F F
<O ; ;—
5 NC
o)
oVYie wax: 0 oYyie wax. 0 oYyie wax: 0 0 yle WaX o
74% vyield (wax: 80%) 66% yield (wax: 78%) 41% yield (wax: 65%) 44% yield (wax: 63%)

VDF —Mgz(dobdc) stability study

Ph
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B(OH) F Pd(TFA)2(dtbbpy) (10 mol%)

X
R— =< > X
_ . DMF, 80 °C, 24h R
Y
VDF —Mg2(dobdc)
1 equiv ~8 equiv
F
F F
<O ; ;
o NC
O
74% yield (wax: 80%) 66% yield (wax: 78%) 41% yield (wax: 65%) 44% yield (wax: 63%)
VDF —Mgz(dobdc) stability study
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Duration Freezer Freezer
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B(OH) F Pd(TFA)2(dtbbpy) (10 mol%)

X
R—: =< > I X
_ . DMF, 80 °C, 24h R
Z
VDF —Mg2(dobdc)
1 equiv ~8 equiv
F
F F
O 4 ;Q
o NC
O
74% yield (wax: 80%) 66% yield (wax: 78%) 41% yield (wax: 65%) 44% yield (wax: 63%)
VDF —Mgz(dobdc) stability study
Storage Glovebox Lab Desicaaion Wax Capsule
Duration Freezer Freezer
F
1d 83% 89% 82%
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7d 82% 80% 47% =
14 d 60% 64% 0%

2 MoS — — —
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B(OH) F Pd(TFA)2(dtbbpy) (10 mol%)

X
R—: =< > I X
_ . DMF, 80 °C, 24h R
Z
VDF —Mg2(dobdc)
1 equiv ~8 equiv
F
F F
<O ; ;
o NC
O
74% yield (wax: 80%) 66% yield (wax: 78%) 41% yield (wax: 65%) 44% yield (wax: 63%)
VDF —Mgz(dobdc) stability study
Storage Glovebox Lab Desicaaion Wax Capsule
Duration Freezer Freezer
F
1d 83% 89% 82% 80%, 82%*
3d 88% 83% 72% 77%
7d 82% 80% 47% 81% =
14 d 60% 64% 0% 82%

2 MmoSs — — — 77%, 81%*
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CFj KoCOs (2.0 equiv.)
=/ >

DMF, 140 °C, 24h

TFP—Mgz(dobdc)
~3 equiv

: \ \ CFS
R=r
>
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N Br DPPF Pd G3 (2 mol%)
rl - CFs3 K2COs (2.0 equiv.) X CFs
| / ——/ > R_I
DMF, 140 °C, 24h L

TFP—Mgz(dobdc)

1 equiv ~3 equiv
X _-CF3
\ CF3 \ CF3
1
&
o\) MeO,C S
60% vyield 80% vyield 76% vyield
N | Fc (0.3 equiv)
o A .F H20z (2.6 equiv.) o CFs
S F = > R—I
|
H2SO04 (1 equiv) Va
TFMI—Mgz(dobdc) DMSO/H,0

1 equiv ~4 equiv 100 °C, 16h
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KoCOs (2.0 equiv.)

Br DPPF Pd G3 (2 mol%)
i N CF,
[ _ —/ >

TFP—Mgz(dobdc)
1 equiv ~3 equiv

DMF, 140 °C, 24h

X _-CF3
/@/\/ CF3
O MeO,C

60% vyield

80% vyield

Fc (0.3 equiv)
H202 (2.6 equiv.)

[ N |
R_I k' 1IF
Y F7N

>
H2SOa4 (1 equiv)
| TFMI— Mgz(.dobdc) DMSO/H,0
1 equiv ~4 equiv 100 °C, 16h
H
N__CF, OMe
/ Ph\(o CFy CF,
. L
MeO HN’Q Ph MeO OMe
O
48% vyield 48% vyield 35% vyield

|
R=r
S
X CF3
aJ -
S

76% vyield

o)
CF
HN | °
N
H
31% yield



Organic synthetic applications of MOFs

What are possible organic synthetic applications of MOFs?

Case study 1: Enhanced reactivity

Case study 2: Novel reagents based on MOFs
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Organic synthetic applications MOFs

|_ “addressing currently unmet needs in catalysis
instead of trying to outcompete homogeneous

catalysts in areas where they excel” J
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