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Abstract Metal-catalyzed multicomponent reactions are versatile synthetic protocols often used to prepare a
range of different products. These reactions provide complete molecular diversity and high atom efficiency while
saving energy. Recently, metal-organic frameworks have attracted attention as environmentally friendly catalytic
systems as they possess an abundance of catalytic sites in ordered crystal skeletons. In this graphical review, we
highlight the recent progress made utilizing metal-organic frameworks to facilitate multicomponent reactions.

Key words metal-organic frameworks, multicomponent reactions, heterogeneous catalysis, transition-metal
catalysts, organic linkers

Multicomponent reactions (MCRs) are chemical processes where several reactants are com-
bined in one vessel to create a final product that contains most of the atoms from the starting
materials. Such processes involve a series of chemical transformations without changing the
reaction environment between steps. The result is a diverse range of molecules created more
efficiently than traditional step-by-step methods. Compared to multistep synthetic processes,
one-pot reactions improve efficiency, reduce waste production, and enable the rapid construc-
tion of more complex molecules from simple, readily available starting materials. This efficien-
cy is particularly appealing in the pharmaceutical industry, where quickly creating large librar-
ies of potentially useful compounds is important. Multicomponent reactions have been estab-
lished incorporating three, four, or more components, and numerous studies have been
reported on the development of new MCRs.

MCRs align with the fundamental principles of green chemistry by producing complex final
products in a single step through innovative synthetic approaches that are environmentally

sustainable. Some notable advantages of utilizing MCRs include generating less waste, conserv-
ing resources, and reducing energy requirements. These advantages have captured the atten-
tion of researchers aiming to develop cutting-edge green chemistry processes.

In recent years, metal-organic frameworks (MOFs) have become important in chemical re-
search due to their large surface areas, high porosities, low densities, ease of separation, high
crystallinities, and abundant catalytic metal centers. These specific properties, combined with
the low solubility of MOFs, allow for their wide application as heterogeneous catalysts, facili-
tating their recovery and reuse. Hence, they are considered to be green and recyclable catalysts.
MOFs are made from metal ions or clusters linked by organic molecules and are used in various
sustainable technologies. The solvothermal method is commonly used to produce MOFs be-
cause it allows precise control over their shape and size. Additionally, microwave-assisted syn-
thesis speeds up the process, resulting in high yields and well-defined properties.

In addition, MOFs are micro/mesoporous crystalline solids. Their lattice is formed by connect-
ing metallic nodes, comprising metal cations or clusters of a few metal ions, with rigid organic
linkers possessing two or more coordination positions. The organic linkers are incredibly di-
verse, mostly based on carboxylates, N-donor groups, or even phosphonates, and have a variety
of configurations. MOFs, due to their high abundance, low cost, non-toxicity, and environmen-
tally friendly nature, have attracted significant attention compared to noble-metal-based ma-
terials.

The specific choice of metal ions and organic linkers significantly affects the properties and
functionality of MOFs. Metal-organic frameworks exhibit diverse properties based on the
types of ligands and surface functional groups they possess. The porosities of MOFs can be ad-
justed by altering the size of these components. MOFs can also be modified either before or
after they are made. Despite their advantages, MOFs face challenges in practical applications,
including high production costs, chemical stability issues, and recycling difficulties. However,
they show promise as recyclable green catalysts in multicomponent reactions due to their
abundant acidic sites. The properties of MOFs bestow them with significant potential for vari-
ous applications, such as in drug delivery and heterogeneous catalysis, and as heavy metal ab-
sorbents, supercapacitors, and sensors. Research in this area is still developing, and this graph-
ical review highlights recent progress in using MOFs to facilitate MCRs.
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1) Zn-containing metal-organic frameworks (part 1)

Synthesis of Zn-MOF microspheres: Synthesis of MMI and TLL@MMI: Synthesis of Zn-Bp-BTC MOF:
r H P
i HO. c@co H ToH
= o 2 2
I.~'|| N +  Zn(NO3);.6H,0 M—- Zn-MOF  microspheres
H N/I\/I\NH DMF:H50 (6:1)
2 2 (vellow powder) DMF B TLL™ HO,C CO.H
L J + Zn(NO3)p4H,0 ——= (MMl ——— + 120°C, 4 h
: L S = e (Zn-Bp-BTC MO
The synthesis of polyhydroquinolines: Zn(NO3),.6H,0 DMF .
NH,
o} : +
Multivariate of MOF-5/IRMOF-3 —
HO?C@CO'*’H " Thermomyces lanuginosus lipase N N
O Ar O s "
Ar—CHO J
Zn-MOF
- | OEt One-pot synthesis of 1,3,5-trisubstituted pyrazoles: Synthesis of 2-amino-4H-chromene derivatives:
+ PEG-400, 80 °C, 1-3.5h r - — - - r
NH,OA )UL i : i s AN Ar=CHO
4OAC , o i
OEt | g @Rz R B o Ar
-Bp-BTC N
Notable features ' * _~_NHNH, 7 n-N. s HEETON: e o (] .
a R o
- This research aims to create nanoporous Zn-MOF microspheres with defined structures ‘ RZ@/ EtOH,45°C,8h 28 Ly + EtOH, 80°C (4 NH;
and excellent catalytic properties. | 0. 0
[ + / >
» - 4 NO; |

- Recyclability of the heterogeneous catalyst eliminates the use of harmful and costly | R2 R

metal catalysts while decreasing the cost of products.

1a) Ramish, Sci. Rep. 2022, 12, 1479. 1b) Rangraz, ACS Omega 2024, 9, 19089, 1c) Madasamy, New J. Chem. 2019, 43, 3793.

Synthesis of IR-MOF-3-ILOAc-Fe(acac)s:

NH;,

7N
Zn(NO3) A NQCHO ; 2N\/\01 Sodium acetate _ stirered, 24 h, 80 °C P e
HO,C coH — 5 (IRMOF3) ——— = (4-PCIRMOF-3) ; 7 IR MOF-3- ILOAc-Fe(acac];, )
DMF Chloroform —_— o Chloroform acetone Fe(acac); - T

Synthesis of pyrimido[4,5-b]quinoline derivatives: Further reading

’ R 1a) Ramish, Sci. Rep. 2022, 12, 1479. 1f) Macreadie, Angew. Chem. Int. Ed. 2019, 132, 6146.
o J . I S EL = r
» - F’ IR-MOFQ ILOAc-Fe(acec)s - 1b} Rangraz, ACS Omega 2024, 9, 19089. 1g) Patel, Mater. Chem. Front. 2021, 5, 304.
+  Ar—CHO )§ ------------ i N | ] 1c) Madasamy, New J. Chem. 2019, 43, 3793.
ke 1h) Alkas, Asian J. Chem. 2019, 14, 1164.
0 o) T H 1d) Karami, Res. Chem. Intermed. 2022, 48, 1773.
1e) Mahdavi, Heliyon 2024, 10, €26339. 1i) Xuan, Chem. Soc. Rev. 2012, 41, 1677.

1d) Karami, Res. Chem. Intermed. 2022, 48, 1773.

Figure 1 Zn-containing metal-organic frameworks (part 1)
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1) Zn-containing metal-organic frameworks (part 2)

Structure and synthesis of Zn(BEDC)MOF:

-

FNMez

0
CO,H ooc\©\<0,_z,ﬁ_.o>,®,coo

DMF d b

+  Zn(NO3)y6H,0 ———— > ‘0 O
110°C,12h ¢ o o

R
CO,H ooc \ Co0

Synthesis of spiro[diindeno[1,2-b:2',1"-e]pyridine-11,3"-indoline]trione derivatives:

o}

0
g
2 + Ar—NH,  + 0 -
N Solvent-free, 80 °C
H

o}
2a) Ghasemzadeh, Green Chem. Letf. Rev. 2018, 11, 47.

Synthesis of pyrimido[4,5-d][1,2,4]triazolo[1,5-a]pyrimidinedione derivatives:

Synthesis of spiro[indoline-3,4'-pyrrolo[3,4-c]pyrazoles]

N, (_Zn(BDC)MOF R.
W "N . a—cHo - ' N’N‘>
R~ \ﬂ/ "R * N— Ultrasonic irradiation, 40 °C O}\N N’L"'N
o) Solvent-free h H
2b) Abdollahi-Basir, J. Mol. Struct. 2019, 1195, 302. R
Synthesis of pyrimido[4,5-d]pyrimidines:
o] (o] Ar
Roy Aoy R _Zn(BDC)MO R. Ph
Ph—NCS +  Ar—CHO  + i [ /’L
07 “F  NH, Solvent-free, 80 °C 0P N7 N s
|2c) Abdollahi-Basir, Polycyclic Aromat. Compd. 2019, 41, 1580. g M

reflux, 3 h

o] NH,
=
=0+ [ -
= N s
H R? CO,Me

| 2d) Rad, Iran. Chem. Commun. 2019, 7, 390.

Synthesis of MOF-5 and CoFe,0,@Si0;NH,@MOF5:

CO,H
DMF, reflux CoFe,0,@Si0;NH,
+ Zn(NO;); 6H,0 ——— _—
sem 48 h @ 1. CHyCl, r.t., 48 h
CO,H 2. drying at 60 °C

Synthesis of quinazoline and 1,2-dihydroquinazoline derivatives:

o
~~CHO OFe,0,@SIO,NH,@ & "
o] N
I/ - . Ph p
EtOH, 60 °C N

NH4OAc

2e) Boroujerdian, Environ. Res. 2023, 236, 116708.

Synthesis of CoFe,0,@Si0@IRMOF-3:

gy YT NH,OH  Zn(NOg),-6H,0, DMF =
+ ——— CoFe;, 0y —— CoFe0,@Si0, x = = :-\.\
2-aminoterephthalic acid
L COC'Z

Synthesis of functionalized dihydro-2-oxopyrroles:

CO,R!
2 OR!

HN-R2 + ||+
CO,R!

HoN—Ar  + HJ\

2
MeOH, r.t. NHR

2f) Zhang, Synlett 2016, 28, 734.

Notable features Further reading

2a) Ghasemzadeh, Green Chem. Lett. Rev. 2018, 11, 47.

2b) Abdollahi-Basir, J. Mol. Struct. 2019, 1195, 302.

2c) Abdollahi-Basir, Polycyclic Aromat. Compd. 2019, 41, 1580.
2d) Rad, Iran. Chem. Commun. 2019, 7, 390,

2e) Boroujerdian, Environ. Res. 2023, 236, 116708,

2f) Zhang, Synlett 2016, 28, 734.

2g) Vignatti, ChemCatChem 2018, 10, 3995.

- Some significant features of the synthesis
of 1,2-dihydroquinazoline derivatives
include environmentally friendly and cost-
effective methods, reusable catalysts, high
separation efficiency, easy preparation,
and short reaction time.

Figure 2 Zn-containing metal-organic frameworks (part 2)%-9
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1) Zn-containing metal-organic frameworks (part 3)

Synthesis of IRMOF-3/PSTA/Cu:

Synthesis of the CurOAc ligand and Zn-CurOAc bio-metal-organic framework:

NH

2 o m—
HOQC + Zn(N03)2.6H20 — klﬁﬂol:ﬁ}
K. 1)DMF,50°C, 24 h
CO,H -

2O
S0,Cl NH (‘ 2) Cul NPs, rt, 12h
Py 2 EtOH
* NN o
= J\ —  » Porous PSTA
50,C1 HzN™ "N™ "NH;
Synthesis of quinoline derivatives:
Ph
RS NHZ Al SN
| N + Ar—CHO + Ph—= |
R/ MeCN, 80 °C R/ 2ty
3a) Koosha, RSC Adv. 2023, 13, 11480.
Synthesis of Ag;PO,@MOF-5:
f CO.H )
DMF, Et;N NayHPO,
Zn(0Ac); +
stirred, rt.,, 3h AgMNO4
CO,H stirred, r.t.,6h

Synthesis of various indenoquinolinedione derivatives:
o} (0]

o Ar—”

3b) Rather, Appl. Organomet. Chem. 2019, 33, 5176.

-

o o o 0
MeO = e OMe  NaOH (10%) MeO. = == OMe
——————————
O O 2 o0 O
HO oH 7080°C.4h '3 0@Na
Curcumin
o o0
5 e DOH MeO X p OMe
70-80°C, 4 h e e Zn(OAc);-2H,0
2) HCl BRee™ e CurOAc 07 "COH  soivothermal, 100 °C
a curcumin-based ligand
Zn
o 0
MeO Y = OMe
0, G - @ o}
e 8] AC (o] =
Bio-MOF
Conversion of aldehydes into tetrahydroquinazolinones:
Ar
* PN *  Ar—CHO - NH
HaN™ “NH, EtOH , rt, 3-6 h ke
H o

3c) Movaheditabar, Appl. Organomet. Chem. 2022, 36, eB602.

3a) Koosha, RSC Adv. 2023, 13, 11480.
3b) Rather, Appl. Organomet. Chem. 2019, 33, 5176.

3c) Movaheditabar, Appl. Organomet. Chem. 2022, 36, e6602.
3d) Rostamnia, Appl. Organomet. Chem. 2014, 28, 359.

3e) Yoon, Chem. Rev. 2012, 112, 1196.

3f) Corma, Chem. Rev. 2010, 110, 4606.

Further reading 5, jiang Chem. Commun. 2011, 47, 3351.

3h) Lee, Chem. Soc. Rev. 2009, 38, 1450.

3i) Hu, Microporous Mesoporous Mater. 2018,

256, 111.
3j) Sudarshan, Chem. Asian J. 2024, 19,
£202400380.

Synthesis of polyhydroquinolines:

C O Ar—cHo o Ar
CIRMOF-8)(4 mol%) 0 R

+ -

60 °C N
o H

RN

NH,OAc

3d) Rostamnia, Appl. Organomet. Chem. 2014, 28, 359.

Notable features
- The benefits of this method are:
* Short reaction times
* Small amount of catalyst required
* Easy recycling
- This method is especially
beneficial as it does not require
toxic organic solvents, making it a
green and effective way to
synthesize Hantzch
polyhydroquinolines.

Figure 3 Zn-containing metal-organic frameworks (part 3)3-
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1) Zn-containing metal-organic frameworks (part 4)

Synthesis of IRMOF-3 and Cu@IRMOF-3:

Synthesis of NiFe,0,@MOF-5

e

NiCo,0,@0CMC@Zn(BDC)

AN N
14
oh

oM

4b) Hojjat Najafi, Polycyclic Aromat. Compd. 2019, 41, 1418.

a o

w H,O/EtOH

OH
e OMe

HO

5
NH2 FeCI3 . .
HO,C i & i, NiFe;04 Sodium citrate _ ¢trate.functionalized NiFe;0,4
+ z0NOy, —OUF . GRVGE® — > NiCl,
COH 100°C, 18 h Cu(OAc), Zn(NO;),-6H,0
- e
) o H,BDC, DMF
Synthesis of polyhydroquinolines: g
[ Synthesis of 2-substituted alkyl and aryl(indolyl)kojic acid derivatives:
o Ar O
[ OR
N |
H
NH,OAc
4 MOR !
4a) Taghavi, Chem. Methodol. 2022, 6, 639. 4c) Zhang, New J. Chem. 2017, 41, 7108.
Synthesis of NiCo,0,@0CMC@Zn(BDC): o o IRMOF-3-catalyzed three-component Biginelli reaction:
OH COH OCH,COO Na 0
o, c—" o, H NJJ\NH S Ar
HO g ————» HO o 2 2 C_IRMOF-3 (4 mol%) Ei. NH
_ NH, NH, + 2 2 LL
KRR 0-Carboxymethyl Chitosan (OCMC) T refitox; 4-6h N o
‘ NiCo,0,4 nanoparticles % NiCo,0,@0CMC w&. Ni00204@OCMC@Zn(BDC]] IRMOF-3-catalyzed Hantzsch condensation:
NH,O0Ac o Ar
Synthesis of pyrano[2,3-d]pyrimidine-2,4(3H)-diones: + < IRMOF-35(4 mol%)_ R “-h’ 5
[ 0 0 Ar—CHO 2 E \’fll\ reflux, 4-6 h '\..N/
Y, aeoro N

4d) Rostamnia, RSC Adv. 2014, 4, 10514.

Further reading
4a) Taghavi, Chem. Methodol. 2022, 6, 639. 4e) Zou, Dalton Trans.

4b) Hojjat Najafi, Polycyclic Aromat. 2012, 41, 3879.
Compd. 2019, 41, 1418. 4f) Thimmaiah, Tetrahedron Lett.

2012, 53, 4870.
4c) Zhang, New J. Chem. 2017, 41, 7108.

4g) Lonardi, Chem. Sci.
4d) Rostamnia, RSC Adv. 2014, 4, 10514, 2018, 9, 2042,

Synthesis of porous ZnPO-MOF:

g COOH
I COOH

HOOC ‘

HOOC
DMF
ZI"I(NO3)2'6H20 80°C
ZnPO-MOF)

\

4e) Zou, Dalton Trans. 2012, 41, 3879.

Synthesis of 2-amino-6-thiopyridine-3,5-
dicarbonitriles:

R'-CHO
4 1
(ZnPO-MOF) i

l/cw . A CN
Neat, 100 °C

N R2S” N7 “NH,

:

R?SH

4f) Thimmaiah, Tetrahedron Lett. 2012, 53, 4870.

Figure 4 Zn-containing metal-organic frameworks (part 4)*-9
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1) Zn-containing metal-organic frameworks (part 5)

Synthesis of Zn-CA-MOFs:

-

0©
COH

HO,C CO,H pe) o

OH i i ,
160 °C, 24 h P
+ DMF-H20 (6:1) o

Zn(NO;3);.6H,0

HO

OH )
0HO~“ 0O o
| .“"'"-H I ~H._
AT T
X “ _," .'\ H-}-
0. ? o. o. ¥ o
L ° 0© HO” O |

Synthesis of "Zn,(NH,-BDC),(4-bpdh) MOF",(TMU-16-NH,):

Zn; Zn-CA-MOFs

Synthesis of various pyranopyrazole derivatives:

5a) Koolivand, Appl. Organomet. Chem. 2022, 36 ,e6656.

o uly N)\—N |

~ T Wy

0o o
CN Zn-CA-MOFs CN 0 Ar
MOEt + HZN_NHz + r + Ar—CHO ———— . N/ | I CN + HZO’ vofux —
CN H,0, reflux N r Ar—CHO H,N  CN
N~ 07 NH, CN

. 5c) Beheshti, Inorg. Chem. Commun. 2018, 94, 80.

NH»
-
[ N Zn(NO3), "
/ N-N / " HO c—@—co H GvuU-16-N
NQ/L N . : 80°C,72h
5b) Safarifard, CrystEngComm 2014, 16, B660.
Synthesis of pyrano[2,3-d]pyrimidines: Notable features

- Zn-MOFs containing tetrahedral Zn?* ions
show lower chemical stability compared to those
with a different coordination environment.

- The slab-shaped Zn-MOFs with abundant Lewis
acid (Zn®*) and Lewis base (02~ sites were also
thermally and chemically stable, showing good
reusability.

Synthesis of IRMOF-3 and CUP-1 catalysts:

Coupling of aldehydes, alkynes, and amines:

-

| "PM: Post-synthetic modification " OP: One-pot synthesis

NH, R'-CHO NR2R®
DMF e dioxane R
HO,C COzH + Zn(NQO3z);-6H,0 ———— » (|RMOF-3 + Ph—=——-H X
R2 Cat. A\
NH, R smmas
N
COMH  pume / ;
HO,C COzH + Zn(NO3),-6H,0 + —_— g
NH,
COH 5d) Lili, RSC Adv. 2014, 4, 13093
NaAuCl ; . .4, :
HOZCGCOEH + Zn(NO3);6H,0 + Me—COH —2MF _ ip.4 i G,
i MeCN Synthesis of a-amino phosphonates:
H .
RNH o i
NH SR i TBRMOE
CO,H M | B CIRMOF-3» Wl
i DMF 3 + Meo-f~oMe —— » _L__ome
HO,C CO.H + Zn(NO;),6H,0 + Me—C-:OH —_— -(ﬂchP-‘I(OP A Ar P
. AuCI N a Ar—CHO i1 “OMe
H R o} |

) 5e) Rostamnia, Microporous Mesoporous Mater. 2013, 179, 89.

Further reading

5a) Koolivand, Appl. Organomet. Chem. 2022, 36,
e6656.

5b) Safarifard, CrystEngComm 2014, 16, 8660.
5c) Beheshti, Inorg. Chem. Commun. 2018, 94, 80.
5d) Lili, RSC Adv. 2014, 4, 13093.

5e) Rostamnia, Microporous Mesoporous Mater.
2013, 179, 99.

5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.
5g) Van Vieet, Chem. Rev. 2018, 118, 3681.

5h) Bao-Le, Appl. Organomet. Chem. 2021, 35,
e6064.

5i) Chanda, Inorg. Chem. 2024, 63, 5598.

5)) Konnerth, Coord. Chem. Rev. 2020, 416,
213319.

5k) Dhakshinamoorthy, Chem. Soc. Rev.
2018, 47, 8134.

Figure 5 Zn-containing metal-organic frameworks (part 5)°*
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2) Zr-containing metal-organic frameworks (part 1)

Synthesis of UiD-66 MOF:

Synthesis of spirooxindole derivatives:

COH
HCI, 80 °C
DMF, 16 h
CO,H

cl,_

Cl
r. +
(o o]

Ui0-66 MO

—— H,BDC o
OJ\N
12+ |

= lZf604(0H)4]

Gosomen

A L

o]
Y
}\ | +
o] l‘rl NH,
RZ O o
N Rl
+ X
hFiz =<N:§ ' UN%:O
RZ 0O H

6a) Mirhosseini-Eshkevari, Appl. Organomet. Chem. 2019, 33, 5027.

|
O N
UiO-66 MOF|, Sonication Y

EtOH, r.t.

=

[0} o}
Rl
et
N
e} H

EtOH, r.t.

Synthesis of benzo-fused seven-membered
heterocyclic compounds:

0] o] NH,
+ Ar—CHO + @
XH

=2 iR

6b) Mirhosseini-Eshkevari, ChemistrySelect 2020, 5, 14554.

UlO 66 MOF

Solvent-free rt

Synthesis of IMIZ-BAIL:

I/\NH+2< \::2 —_—

Synthesis of IMIZ-BAIL@Ui0-66:

]

—\ 2504
O8N @ N~ 50— HO:,S\/\:/\N-‘ ® \N/\/{/SOE;H
b ~

Synthesis of dihydropyrido[2,3-d]pyrimidines:

HSO@

HSOe

Ar—CHO  +

IMIZ-BAIL

=(N

0

w
/

dehydrated

suspended in

refluxed & stirred

+  IMIZ-BAIL

under vacuum, 110 °C, 12 h

toluene & imidazole

IMIZ-BAIL@UIO-66

80°C,12h

6c) Mirhosseini-Eshkevari, ACS Omega 2019, 4, 10548,

IMIZ-BAIL@UIO-66

Solvent-free, 100 °C, 10 min 0

it

Synthesis of Zr-MOF/rGO Nano catalyst:

Synthesis of spirooxindoles:

-

(0]

[ Zr-MOF/rGO Nano catalyst ]

Graphite powder ~Oxldston,, Graphene Oxide (GO) ——= [Zr-l\.-'lOF;r GO Nanocatalyst] 0 + CrN + R1JJ\/I‘LR2
Autoclave H

*rGO: reduced Graphene Oxide

6d) Kumar, J. Mol. Struct. 2023, 1287, 135653.

EtOH-H.0 (1:1), r.t., stirred

Synthesis of ED/UiO-66 MOF:

_anhydrous toluene syspended solution ethylene diamine (ED) accumulated and dispersed in driedatrt.
reflux, 24 h EtOH
Synthesis of 2-aminothiophene derivatives:
o S8, R!' CN
or R\)LRi L & % (!:/N R2 /N o o / \ 6e) Erfaninia, Appl. Organomet.
S-S 100 °C, 5 min s 2 s7 "NHa | chem. 2018, 32, 4307.

Further reading 3

Ba) Mirhosseini-Eshkevari, Appl. Organomef. Chem. 2019,
33, 5027.

6b) Mirhosseini-Eshkevari, ChemistrySelect 2020, 5, 14554.
6c) Mirhosseini-Eshkevari, ACS Omega 2019, 4, 10548.
6d) Kumar, J. Mol. Struct. 2023, 1287, 135653.

6e) Erfaninia, Appl. Organomet. Chem. 2018, 32, 4307.

6f) Chen, RSC Adv. 2013, 3, 2971.

6g) Pascanu, J. Am. Chem. Soc. 2019, 141, 7223.

Figure 6 Zr-containing metal-organic frameworks (part 1)%-9
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2) Zr-containing metal-organic frameworks (part 2)

Synthesis of TEDA-BAIL:

Synthesis of pyrimido[ 4,5-d ]pyrimidine derivatives:

+ TEDA-BAIL

under vacuum 110 °C, 12 h

toluene & imidazole

TEDA-BAIL@UIO-66
80°C, 12 h

HSO@ — HSOY o]
E(sj + 2 S\ — 038\/\/\ /W803 SO » HO S P) @/\‘/4\\/803H R'l X o] Ar
‘o N/\,N NN N g ot R1
| Sonication, EtOH, r.t. N NH
s + HNTONH; 4+ Ar—CHO |
Synthesis of TEDA-BAIL@UIO-66: TEDA-BAIL 07 "N""NH, e sk
R TEDA-BAIL@UiO-66 07 N H X
dehydrated suspended in refluxed & stirred R!

7a) Mirhosseini-Eshkevari, ChemistrySelect 2019, 4, 12920.

Synthesis of Zr-MOF-PC and Zr-MOF-FePC:

Synthesis of TEDA/IMIZ-BAIL:

7b) Azarifar, ChemCatChem 2017, 9, 1992,

C 0 N
O‘CHO Q\ - R NN+ ( ¥ é’_ B H,S04 stirred, 80 °C, 72 h o
3 \ vy 0 N TEDAJ/IMIZ-BAIL (ionic liquid)
MeCN EtOH H toluene
_e l\:‘lg I\Iu"le Synthesis of TEDA/IMIZ-BAIL@UiO-66:
: 00 B NH )
2
u.o 66-NH / f @)N//_Q IR dehydrated i fluxed & stirred
2] O Zr-MOF PC . \Fe S ® Zr-MOF-FePC ehydrate - suspended in refluxe stirre [ TEDAIMIZ-BAIL@Ui 0-66]
1 7% T under vacuum  toluene & imidazole 100°C,12h
cl TEDA/IMIZ-BAIL 110 °C, 12 h
070 070
L Me Me Me Me Synthesis of dihydropyrazolo[4',3':5,6]pyrano[2,3-d]pyrimidines:
Synthesis of a-acyloxy amide derivatives: Ar O
0] (0] | i0-
R e i 8w Y (Teamizsniouoss)| W R
N OH Zr-MOF-FePC |, r.t. HaN—NH; + OBt + Lo R’N - = N | A
| - + + Ph—CO,H \)[1/ reflux, solvent H O r;.! X
hv, MeCN R

89-98%

7e) Mahmoudi, J. Mol. Struct. 2019, 17194, 1.

Synthesis of Ui0-66-SO;H MOF:

Notable features

N
cl, Cl s

2/ " 120°C,40h
c’ el HO,C

COLH

7c) Lin Foo, Dalton Trans. 2012, 41, 13791.

- Zr-MOFs usually exhibit high porosity.

- Many Zr-MOFs possess good thermal and
chemical stability.

21604(OH)(HSO3BDC)5x(B0Ce x| [[Ui0-66-50H
\' A

Synthesis of dihydro-2-oxopyrrole derivatives:

| 7d) Ghorbani-Vaghei, RSC Adv. 2016, 6, 29182.

RZ/=
Me0,C-C=C-CO,Me + RICHO + @—NHQ

- Zirconium has a high affinity for oxygen donor
ligands; synthetic methods for Zn-MOFs are
generally simple and reproducible.

Solvent or Solvent-free z
- In carboxylate-based Zr-MOFs there is a

R?2
R2 G
MeOQ,C

strong bond between the Zr and the carboxylic linkers.

Further reading
7a) Mirhosseini-Eshkevari, ChemistrySelect 2019, 4, 12920.

7b) Azarifar, ChemCatChem 2017, 9, 1992.

7c¢) Lin Foo, Dalton Trans. 2012, 41, 13791.

7d) Ghorbani-Vaghei, RSC Adv. 20186, 6, 29182,

7e) Mahmoudi, J. Mol. Struct. 2019, 1194, 1.

7f) Abdolmohammadi, Z. Naturforsch. 2015, 70, 171.
7g) Shaabani, ChemistrySelect 2017, 2, 11906.

7h) Gong, J. Am. Chem. Soc. 2019, 141, 7498.

5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.

Figure 7 Zr-containing metal-organic frameworks (part 2)>"72-h
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Structure and synthesis of ChCl@Ui0-66-Urea:

2) Zr-containing metal-organic frameworks (part 3)

Synthesis of UiO-66-NH,-MOF@COF:
i s ]2
i CO,H
cl_cl e DMF, HOAC 0 =N _©_”=C=°
£ 80°C,4h
Cl,ZRC] + — e ————— > UiO-66- NHz —{uao-sa-Urea| ChCI@Ui0-66-Urea NYNH2
DMF, 40 °C, 48 h NP M _N  ———— (Ui0-66-NH,MOF@COF|
COH j’\ Ui0-66 2 \rIJ/HQ
N7 N
et E% b
’.‘)]\'?' ‘.'ci‘é j Ui0-66-NH, MOF Synthesis of 2,3-dihydroquinazolin-4(1H)-ones:
H H PN e i
°ci—Ne N M o Zr cluster g NHz i Q
g NTN— Ui0-66 cluste | (uio-s6-NH,-MOF@COH N
Y (o]
! 'ﬁ/@ 0 NH, L kgl v L NN
he NSo F S N e
o ChCI@UiO-66-Urea \—- H;BDC H R R? =
L ) 85-98%
_Synthesis of 2-amino-4H-chromenes: CHO
OH OH NH; NH [u.o 66- NHZ-MOF@COF
\ CHO r(:N ChCI@UiO-66-Urea| 400 oc 0\ N e ,& +  NH,0Ac
or At or e 1
oo Solvent-free b Ar R1 _R
. _ OG 87-96%
8a) Akbarian, J. Mol. Lig. 2021, 325, 115228. 0" 50 -
' ' 8c) Ghasemzadeh, Nanoscale Adv. 2023, 5, 7031.
Synthesis of UiO-66-NH-CH,CH,N(CH,PO,H,),: Synthesis of tetrazolo[1,5-a]pyrimidine-6-carbonitriles:
H
i N
HN_ N NH % .
i = olvent-free, 100 °C N
o ~NH2 CH,0, MeOH H,P0, MeCN —P-OH ’DN/NN + Ar—CHO + Y/ ———— Na"s
- - - H = i0-66- -N
NHz  80°C, 24 h, DMF rt,24h rt,24h H"“VT_PH o R NN ey
Al
O r
UiO-66-NH, [UiO-GG-NH-CHZCHzN(CHzpozHZ)g 8d) Abdollahi-Basir, Polycyclic Aromat. Compd. 2022, 42, 5719.
Notable features Further reading
.Synthesis of polyhydroquinoline derivatives: - What are COFs? 8a) Akbarian, J. Mol. Lig. 2021, 325, 115228.
8b) Askari, Catal. Lett. 2022, 152, 1517.
CHO Covalent Organic Frameworks are a 8c) Ghasemzadeh, Nanoscale Adv. 2023, 5, 7031,
. 0o o class of crystalline porous materials 8d) Abdollahi-Basir, Polycyclic Aromat. Compd. 2022,
Y Y PP Ny (Ui0-86-NH-CH,CH,N(CH,PO,H,),) constructed from organic building 5
LS oEt + NHOAc + | P blocks linked together by strong 8 ’ ol y Chem. Het J Comod. 2015, 51. 899
H R/ EtOH, 70 °C covalent bonds into extended two- or BE)K' y:el, C:m' ;em;y C'zo?[’:p“? 861"I kst
i . irchon, Chem. Soc. Rev. , 47, ?
. 8b) Askari, Catal. Lett. 2022, 152, 1517. three-dimensional frameworks.

8g) Xu, Chem. Eur. J. 2018, 24, 15772,

Figure 8 Zr-containing metal-organic frameworks (part 3)%2-9

© 2024. Thieme. All rights reserved. SynOpen 2024, 8, 300-327
Georg Thieme Verlag KG, Oswald-Hesse-StralRe 50, 70469 Stuttgart, Germany




310
'THIEME

SynOpen Y. Latifi et al.

2) Zr-containing metal-organic frameworks (part 4)

Synthesis of POM@PCN-222 (Polyoxometalate-containing mesoporous Zr-MOF):

CggHesNsO32Zrs (PCN)  Sonicated, rt.

H3PW,204 + deionized water ————  Acidic solution -
stirred, 36 h

POM

.

. Synthesis of 1,4-dihydropyridines:

CHO
9 3
x M Qow M
| + 2 OoMe  *+ —C-0 NH4
/ Z Solvent-free, 60 °C
X

9a) Karamzadeh, Appl. Catal., B 2022, 303, 120815.

Synthesis of a Zr-MOF-based copper complex:

N=<
§o1 NH, HN—{ N
Glis, 500 Nt < TCT, 12h { NX
sl DMF, HOAc . i
o 4 o] 24 h THF (dry), r.t.
COH . = Zr cluster
A
N

N 7 N RN H—Q
® Qo
N =N

NH, Nl

Y Cu(OAc), OAC—py,- 'N\fN“Cﬂl
7 ~
THF (dry), reflux, 24 h NH EtOH, reflux, 2 h OAC NH OAAC

2r-MOF-based Cu complex [UiO-SS-NHze"I'CTIE-arnino-Pyr@Cu J

Synthesis of Basu-Proline MOF:

Synthesis of pyrazolo[3,4-b]pyridine-5-carbonitriles:

cl
CHO
(Ui0-66-NH,/TCT*/2-amino-Pyr@Cu )

=
NC\)J\OEt * |,/ Solvent-free, 110 °C, 120 min

NH, "

9b) Tavakoli, Nature 2023, 13, 9388. *TCT = (2,4 6-trichloro-1,3,5-triazine)

Basu-MOF

A

DMF, HOAc
120°C, 24 h

. = Zr cluster

Basu-Proline-MOF|

Synthesis of dihydropyrano[3,2-cJchromenes:

OH

:/L CN
i + rN
[0 0] B

+ I\
S

R
9c¢) Benrashid, Sci. Rep. 2023, 13, 17608.

CHO
—_— -

EtOH, reflux

63-94%

NH,
O\CN
0" Yo ~F

R

Further reading

9a) Karamzadeh, Appl. Catal., B 2022, 303, 120815.

9b) Tavakoli, Nature 2023, 13, 9388.

9c¢) Benrashid, Sci. Rep. 2023, 13, 17608.
9d) Nasr-Esfahani, J. Mol. Catal. A: Chem. 2014,

382, 99.

9e) Li, Angew. Chem. Int. Ed. 2020, 59, 9319.

9f) Majewki, J. Mater. Chem. A, 2018, 6, 7338.

9g) Li, Sens. Actuators B: Chem. 2020, 306, 127608.
9h) Feng, Chem. Rev. 2020, 120, 13087.

Notable features -

- Pyrazolo[3,4-b]pyridine-5-carbonitriles:
These compounds may have biological

of indole and pyrazole moieties.

- Poly Oxo Metalates (POMs):

These metal oxide polyanion compounds are
primarily made of early-transition metals
linked by oxygen. POMs have been reported
for catalytic applications due to their versatile
structures.

.

and medicinal applications due to the presence

Figure 9 Zr-containing metal-organic frameworks (part 4)%-"
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2) Zr-containing metal-organic frameworks (part 5)

Synthesis of 2,4,6-triaryl pyridines:
Solvent-free, 100 °C

0
UCHO
+ v +  NH0AC —/ —— &
R?

6a) Mirhosseini-Eshkevari, Appl. Organomet. Chem. 2019, 33, 5027.

Synthesis of imidazo[1,2-a]pyridines:

R‘I

Z =N =\ R
Nce om@ aN RN\
* HN
ZN=CR  Sowentfree,rt HNO 80-93%

Synthesis 3,4-dihydroquinoxaline-2-amines:

NH. 1 H ge
2 R N
® o i fr@ .
O_NC + R NH, + R2 TSR3 P 80-88%
Solvent-free, r.t. N :
| 79) Shaabani, ChemistrySelect 2017, 2, 11906.

Synthesis of ( UIO-GS@SchIff—Base-Cuz*} MOF:

NH
s 2

1) EtOH, Ny, reflux, 24 h
2) Cu(OAc), EtOH, N, reflux, 24 h

\

Synthesis of dihydropyrano[2,3-c]Jchromenes:
OH
S CHO CN m [UiO—GG@Schiﬂ—base—Cuz"J
+
v CN * oo 35-92%
R

Solvent-free, 90 °C
| 10a) Ghobakhloo, Inorg. Chem. 2022, 61, 4825.

Synthesis of Cu**@Uio-66-AST:

CO,H
NH, 0y
cl,_cl I
2 . _HCLDWE _ ((io.e6-NH, ) + —<\ >—N— —< >—S-N LD
o el T120°C. 240 o N
CO,H
Ui0-66.__
0 H
EtOH, 24 h - _Cu(OAch EtOH (e @UIO-AST
reflux N=N 8- N — rt,2an L
o}
Ui0-66-AST
: 5 —\ Uio-66
Hoo
Structure of Cu?*@Ui0-66-AST: ———» {yw“s”—Q—mN
W
(TN

Synthesis of spiroindole-pyranopyrazoles:

o]

o 0O
CN
CE;S:O e AAGE M e,

K CN

 Cu?*@UIO-AST |
—_—

EtOH, r.t.

o H
CNH cu*@uio-asT  HaN- O~ N,

O 4+ EtO,C-C=C-CO,Et + r + HyN—NH, | N

N CN EtOH, r.t, NC

K O CO,Et

C
_ 10b) Ghasempour, Appl. Organomet. Chem. 2024, 38, 7402.

Notable features Further reading

Application of an imidazo[1,2-a]pyridines derivatives:

Oj,N(ME)z

HN

R—/ =
%,N:{// O

10a) Ghobakhloo, Inorg. Chem. 2022, 61, 4825.

10b) Ghasempour, Appl. Organomet. Chem.
2024, 38, 7402.

10c) Arellano, J. Heterocycl. Chem. 1982, 19, 321.

6a) Mirhosseini-Eshkevari, Appl. Organomet. Chem.
2019, 33, 5027.

in treatment of sleep disorders 7g) Shaabani, ChemistrySelect 2017, 2, 11906,

Figure 10 Zr-containing metal-organic frameworks (part 5)%79:102-¢
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| 3) Cr-Containing metal-organic frameworks (part 1)

Synthesis of MIL-101(Cr):

Synthesis of Fe;0,@PAA@MIL-100(Cr):

Further reading
11e) Mahmoudi, Polycyclic Aromat. Compd. 2022, 42, 7526,
11f) Oudi, J. Colloid Interface Sci. 2020, 561, 782.
11g) Wang, Chem. Soc. Rev. 2009, 38, 1315.
11h) Qin, ACS Catal. 2020, 10, 5973.

11a) Tripathi, Inorg. Chim. Acta 2024, 565, 121989.
11b) Liu, NanoSelect 2021, 2, 1968.

11c) Shaabani, Tetrahedron 2018, 74, 1832,

11d) Ghasemzadeh, Heliyon 2022, 8, 10022.

CO.H )
. $0aH Autocl Tri -, id
* Cr(NO3)y9H,0 ——= Mixture AB —— Autoclaved — filtered and dried —» | MIL-101(Cr) Fe (Ill) + + NaOAc ——2Y5 [Fe,0,@PAA |— e 8€ [ 0,@PAA@MIL-100(Cr)
Sonicated for 10 min Sonicated for 1 h (220 °C, 8 h) stirred, 80°C, 2 h
COzH "Solution B" L PAA " n )
“Solution A" Synthesis of pyrido[2,3-d]pyrimidines: =
Synthesis of dihydropyrimidinones: o o) X
CHO
- NH | Fes0,@PAA@MIL-100(Cr)
o 9 ; L * * g - "
i . )J\/u\oa . HZNJLNHZ ] s T H s
P 80°C o]
11d) Ghasemzadeh, Heliyon 2022, 8, 10022.
11a) Tripathi, Inorg. Chim. Acta 2024, 565, 121989,
Synthesis of TEDA-BAIL@MIL-101(Cr):
Synthesis of tetrahydroquinoline derivatives: L e ©n ; ~
2 MiL101(cr| + [TEDA-BAL] o
CH ¥ HSO HSO,
e ¢Ho s N \\| : ?‘Ef;itl; :’E. HOas\/\‘/\%’/DN@/\/“\/SO;,H
@ &o MIL-101(Cr) R2 ; -BAIL: )
+ + I —— 1 N N ‘,
\\Rz R \ — |TEDA BAIL@MIL 101(Cr)| : TEDA-BAIL )
R! L\fo Synthesis of pyrimido[4,5-b]quinolines:
11b) Liu, NanoSelect 2021, 2, 1968. ' 0 o Ar O
0, o}
Tandem oxidative isocyanide-based cycloaddition reactions: HNJJ\NH TEDSERILMIL e ‘ HN 7
x —-NH
Ar—=CHO + * OMO * Behity EtOH, H,0, r.t., sonication OZ>N" N
R2 R2 H &
OH NH, e R 7% 11e) Mahmoudi, Polycyclic Aromat. Compd. 2022, 42, 7526.
I = R3
2 2 |MIL-101(C g
o e h & RWR ( r’l- ROH Sy d 4 Synthesis of MIL-101-NH-CO-(CH,);-COOH:
| + C=N-R® + N - . — or
5 2 = o O Air, MeCN, 80 °C HN | = ON CoH
R! R2 1 = 2 2
Ry [/ 3\ } ‘/ + Ol H,0 SnCly, EtOH _ CH,Cly, reflux, 72h “M,H01_NH_CO_(CH2)3_COOH||
=/"R R HO,C 180°C,120h  70°C,6h  dihydro-2H-pyran-
11c) Shaabani, Tetrahedron 2018, 74, 1832, 2,6(3H)-dione )

Synthesis of quinazolin-4(1H)-ones:

= MIL-101-NH-CO-(CH,);-COOH| N
ki h + RCHO + R2NH, L,
N0 80 °C, Solvent-free, 20 minto 5 h N7 R1

H 11f) Qudi, J. Colloid Interface Sci. 2020, 561, 782. H

Figure 11 Cr-containing metal-organic frameworks (part 1)''2-h
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3) Cr-containing metal-organic frameworks (part 2)

Synthesis of MIL-101(Cr)-NH; and MIL-101(Cr)-N{CH3PO3H3),:

CO,H

Cr(NO3)39H,0 + +NaOH + H,o Stimed, 150 °C, 10

SO4H
o 3

MIL-101(Cr)-NH, + HJLH + HsPO3 4+ EtOH +

min cooling, r.t. refluxed, 8 h

MIL-101(Cr)-NH,

autoclave, 12
CO.H

MIL-101(Cr)-N(CH,PO3H,),

h DMF, 100 °C, 24 h

dried, 70 °C

Synthesis of N-amino-2-pyridone and pyrano[2,3-c]pyrazole:

. I/CN

CN

HzN_NHz +:

12a) Babaee, ACS Omega 2020, 5, 6240.

A

[MIL-101(CH-N(CH,POsHo)| i s | MIL-101(Cr)-N(CH;PO3Hy |

+

HzN_NHz +

N anomeric-based oxidation

NH,

Synthesis of ED/MIL-101(Cr):

Hantzsch coupling:

-

dehydration

1) >Nz

R —

MIL-101(Cr)

OMS-MIL-101(Cr)

0
CHO o 0
=
@/ . \’ii . MORz + NH,OAc |EDMIL-101(Cr)
R o}

12b) Rostamnia, Appl. Organomet. Chem. 2018, 32, 4370.

| ED/MIL-101(Cr)

2) toluene, reflux

Synthesis of MIL-100(Cr)/NHEtN(CH,PO3H,),:

CrOz + Hozc—O—cozH + HF + deionized water

En/MIL-100(Cr) | + CH,0 + H;PO,; + HCI (37%) + EtOH

12c) Sepehrmansouri, J. Mol. Catal. 2020, 481, 110303.

i i i suspend in 10 mL ultra-dry toluene i
stirred kept and dried |MIL-‘|00(Cr)| |MILA 100 (Cl')l Activated uspl I u ry tolu stirred under Ar gas En/MIL-100(Cr)
rt.2h 220°C,4d 200°C,2h 16 h
Synthesis of pyrimido[4,5-b]lquinolone derivatives:
reflux i (o] (o] ~
MIL-100(Cry/NHEN(CH,PO3Hy), | HNJEL . A—cho . \gz’r [ MIL-100(CrYNHEIN(CH,POsH,), | i &
X)\N NH, DMF, 100 °C X N N
H H H

- The size and shape of the pores in Cr-MOFs can be adjusted by

Notable features

- Cr-MOFs exhibit good thermal and chemical stability. This property allows their use under harsh operating conditions.

Further reading

12e) Hosseini, RSC Adv. 2018, 8, 27131.

12f) Safaei-Ghomi, J. Chem. Res. 2015, 39, 410.
12g) Hu, Cryst. Eng. Commun. 2017, 19, 4066.
5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.

12a) Babaee, ACS Omega 2020, 5, 6240.

12b) Rostamnia, Appl. Organomet. Chem. 2018, 32, 4370.
12¢) Sepehrmansouri, J. Mol. Catal. 2020, 481, 110303.
12d) Kholdeeva, Catal. Today. 2014, 238, 54.

varying the organic ligands used in their construction.

Figure 12 Cr-containing metal-organic frameworks (part 2)°122-9

© 2024. Thieme. All rights reserved. SynOpen 2024, 8, 300-327
Georg Thieme Verlag KG, Oswald-Hesse-StralRe 50, 70469 Stuttgart, Germany




314
‘"THIEME

SynOpen Y. Latifi et al.

| 3) Cr-containing metal-organic frameworks (part 3)

Synthesis of MIL-101(Cr)@HMTA-BAIL:

N
l/ stirred filtered out & washed  stirred dehydrated
N~ {.._..-N +4 - > |HMTA-BAIL
L—N-\/ 0,,3;\0 80°C,72h with diethyl ether 80 °C,8h  at 110 °C under vaccum
MIL- 101(Cr)
dehydrated stirred refluxed _ under vaccum _ 5 5
, T10°C, 12h> 80°C. 12h~ 80°C,12h ~110°C.an — LML 101(Cn)|@/HMTA-BAIL]

HMTA-BAIL

Synthesis of tetrazolo[1,5-a]pyrimidine-6-carbonitriles using HMTA-BAIL@MIL-101(Cr):

N
ANS—NH
NE—I : eN [MiL101(Cn@[HmTa-BAL
CHO -
HN Solvent-free, 100 °C
==
| —R
=

13a) Abdollahi-Basir, Sci. Rep. 2021, 11, 5109.

Synthesis of PTA@MIL-101(Cr):

Biginelli reaction:

Sonicated & stired |
MIL-101(Cr)| + Phosphotungstic acid (HsPW;;04,) + distilled water % PTA@MIL-101(Cr)
rt,48h

R" 0O

HNJrLORZ
x)\m 75-00%

0O o X

1.
R-CHO + )\/U\ORZ + HzNJLNHz

13b) Saikia, Appl. Catal., A 2015, 505, 501.

PTA@MIL-101(Cr)
—_—
100 °C, Solvent-free

= =

Synthesis of MIL-101(Cr)-SO3H:

Synthesis of 2-amino-4H-chromenes:

CISO4H washed and distilled

stirred in 30 mL CH,Cl,
MIL-101(Cr)

0 °C, 20 min

MIL-101(Cr)-SO4H

CH,Cl,

with water and acetone

\

CHO

O CN /@\ MIL-101(Cr)-SO3H
==

| = I/ +

NP CN H o 100 °C, H,0

13c) Saikia, RSC Adv. 2016, 6, 15846.

Synthesis of MIL-101(Cr)@EDTA-Zn2*:

Synthesis of polyhydroquinolines:

EtOH EDTA ligand stirred for 24 h Zn(OAc), 2H,0

MIL-101(Cr)@EDTA-Zn?*

MIL-101(Cr)

reflux EtOH, reflux, 24 h

OEt

MIL-101(Cr)@EDTA-Zn?*

. 5 CHO
@ .
+ + NH,0Ac +
IF o
R

13d) Nikseresht, ACS Omega 2024, 9, 28114,

Notable features

- The presence of high valence Cr** ions and their strong interactions with the bridging ligands enhances the
catalytic activity and adsorption capacity of MOFs.

- Some Cr-MOFs exhibit excellent catalytic properties. This feature enables their use in various chemical reactions.

Further reading

13e) Zhou, Green Chem. 2021, 23, 5456.

13f) Karmarker, Sep. Purif. Technol. 2019, 215, 259.
13g) Liu, Mater 2017, 10, 99.

11h) Qin, ACS Catal. 2020, 10, 5973.

13a) Abdollahi-Basir, Sci. Rep. 2021, 11, 5109.
13b) Saikia, Appl. Catal., A 2015, 505, 501.
13c) Saikia, RSC Adv. 2016, 6, 15846.

13d) Nikseresht, ACS Omega 2024, 9, 28114,

Figure 13 Cr-containing metal-organic frameworks (part 3)''h132-9
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4) Cu-containing metal-organic frameworks (part 1)

Synthesis of [PyrrSi][Cl]@Cu-Cit-MOF:

OEt

€] 7
QEt cl Si-OEt i
N, at he !
(' 5 5 CIMS}i—OEt > atmosphere @N_/\/CI)EI [PyrrSi][Cl]
hll OFt 40°C, 24 h \
CO,H Autoclave (160 °C, 24 h)
HO,C CO,H  + Cu(NOs),.6H,0 o
OH DMF=H,0 (6:1)
© CI)EI )
cl Si-OEt Dioxane
+ N_/\/ 1 i ?
C®\ OEt 90°C, 24 h
Synthesis of 2,4,5-trisubstituted imidazoles:
v X
PyrrSij[Cll@Cu-Cit-MO N "NH
+ Ar—CHO + NH4OAc - —
Q O ) MeOH, 80 °C, 10-18 min

14a) Zameer, J. lonic Lig. 2024, 4, 100074.

Synthesis of the Cu-BTC framework (HKUST-1):

-

Autoclave
180 °C, 24 h

Cu(NO3); +  EtOH +  deionized water

Synthesis of tetrazole derivatives:

R—CHO + NaN; + NH,OH-HCI A
Water reflux, 120 °C, 4 h R™ ™y
H |
1 o9 R' O
R'-CHO
Ve
4 "N OR?
+ N, /*
NH, PEG-600, 100 °C, 2-2.5 h M N
Nz
NanN = H
: SNV NH,

14b) Kal-Koshvandi, ChemistrySelect 2020, 5, 3164.

Synthesis of Cu-MOF:
CO.H

CO,H 1) DMF

2) Autoclave (80 °C, 4 h)

+

Cu( N03}2. 3 HQO

malononitrile and cyclohexanone:

One-pot domino reaction between 2-hydroxy-1,4-naphthoquinone, benzaldehyde,

Further reading
14a) Zameer, J. lonic Lig. 2024, 4, 100074,

14b) Kal-Koshvandi, ChemistrySelect 2020, 5, 3164.

14c) Mollabagher, RSC Adv. 2020, 10, 1995.
14d) Yang, Angew. Chem. Int. Ed. 2024, 63,

0 €202318115.
O Ar d (o] 0o 14e) Saha, Inorg. Chem. 2024, 63, 10832.
) o d —ar 14f) Kumar, Chem. Rec. 2017, 18, 506.
I 0" "NH, N\_/ NH, 14g) Gupta, Dalton Trans. 2018, 47, 1624,

14h) Mansano Willig, RSC Adv. 2020, 10, 3407.
14i) Taheri, Polycyclic Aromat. Compd. 2022,

14c) Mollabagher, RSC Adv. 2020, 10, 1995.

42, 6523.
14j) Sharma, ACS Omega 2018, 3, 15100.

Figure 14 Cu-containing metal-organic frameworks (part 1)
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4) Cu-containing metal-organic frameworks (part 2)

Synthesis of COF-MOF*:

* Melamine terephthalaldehyde covalent organic framework/copper tetrabenzenecarboxylic acid metal organic framework

-

CHO
HoN N _NH, HaN
Y DMSOQ, Solvothermal 7 "i
NN ¥ N NH _N. HN” "NH _N.__NH,
Y 180 °C, 14 h =N H T T
NH, L - HoN N\fN N\rN
: NH NH,
HN._Ng
|
N\?N
HO,C CO,H .
HO,C COzH W—N""NH __N_ HN” “NH __N___N-CumQ OH
w0 OH FN*H TS TS
NN NN HO On,
HO O~Cu-NH Y jﬁ
Cu(NO
U(NQO3)p S 3 NH HN, 0 o]
Cun~
HN._ _N
-
i
- (COF-MOE)

Synthesis of 2-aryl-substituted 2,3-
dihydroquinazoline-4(1H)-one derivatives:

Synthesis of Cuy(BDC),(DABCO):

R
Ny
HN O + NHsOAc + I/
)0
d CHO

80-100 °C

Solvent-free

-]

o]
L,
N =
—R
noo U

~

N
HOZC—Q—CC!zH + E%j + Cu(OAc), H,0
N

Ball-milling
washing—drying

" .

Synthesis of tetrazole derivatives:

NH,OHHCI  + NaN3 + R—CHO
RJ\ N

15a) Baymaninezhad, Res. Chem. Intermed.
2023, 49, 5101.

15b) Tourani, ChemistrySelect 2018, 3, 8332.
Synthesis of 2-substituted benzothiazoles:

/@1-@

Synthesis of Cuy(NH,-BDC);(DABCO):

Synthesis of 4H-pyran derivatives:

Synthesis of 1,2,3-triazole derivatives:

R—CHO Sg DMF, 110 °C

15¢) Zandieh, Catal Letters 2023, 153, 3527.

P

CO.H
N
+  Cu(DAckH,0 + E%]
N
CO.H

rt,2h | Ball-milling

Ar—CHO

éﬁ

Ball-milling, r.t.

RZ—
+
R—X
+
NaN,

R2

= No N,
EtOH, 60 °C N R

15e) Tourani, Sci. lran. 2019, 26, 1485.

Synthesis of tetrazole derivatives:

NH,OH-HCI

+
R—CHO

15d) Akhlaghi, Heliyon 2023, 9, e13522.

+
NaN;

DMF, 140 °C N

15f) Liu, Org. Chem. Front. 2022, 9, 6179.

- g AN

Further reading
15a) Baymaninezhad, Res. Chem. Intermed. 2023,
49, 5101.
15b) Tourani, ChemistrySelect 2018, 3, 8332,
15c¢) Zandieh, Catal .Lett. 2023, 153, 3527.
15d) Akhlaghi, Heliyon 2023, 9, e13522.
15e) Tourani, Sci. Iran. 2019, 26, 1485.
15f) Liu, Org. Chem. Front. 2022, 9, 6179.
15g) Akbari, RSC Adv. 2017, 7, 40881.

15h) Panahi, Microporous Mesoporous Mater. 2017,
244, 208.

Figure 15 Cu-containing metal-organic frameworks (part 2)'%2-h
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4) Cu-containing metal-organic frameworks (part 3)

Synthesis of CoFe,0,@0CMC@Cu(BDC): Synthesis of Cu(BDC)MOF:
oph CoFe,0 oeHe Core,0,@ocme) 2200 SO - Cu(No
FeCl3.H,0 CoCly6H,0 —— = oFe;04 — Oa — u(NOz), + HO c—@—co 1
s o Al 100°C, 24 h 70°C, 12 h Autoclave 32 2 2
Synthesis of curcumin derivatives: DMF | Air, 110 °C

16e) Carson, Eur. J. Inorg. Chem.
2009, 16, 2338.

X

HN NH HO

+ Ar—CHO -

reflux, 2 h

(0] (e]

\

Synthesis of imidazopyridines:
Synthesis of xanthenes, quinazolines and acridines: |

NH |
o] (o] o) 2
OH o
==
D« O W

I)I

1
0 Ar RI-CHO + @‘ + R?
= |

Ar O
| N or or
HoMN NH |
R/ - 2 Ultrasound, 10-20 min = 0 toluene
e | 120°c | S
Y 30h

16b) Ghasemzadeh, Appl. Organomet. Chem. 2020, 34, e5580.

EZ

H
1 |
Synthesis of [Cu(pymo),]: Synthesis of indoles: Further reading | xR |
f ) 5 R? 16a) Ghaffarian, J. Mol. Struct. Nl
CuXz +  Hpymo-HX k™ RS _, 14-dioxane 40°C,21h N-R? 2019, 7786, 204.
+ RICHO + H_R m . 16b) Ghasemzadeh, Appl. Organomet. R? |
H,0 | NH3 or MeNH, NHTs Cu(pymo), N.T R >95% Chem. 2020, 34, e5580.
5 16c) Tabares, J. Am. Chem. Soc. |
Synthesis of propargylamines: 12001, 123, 383. ?
" s R? 16d) Luz, J. Catal. 2012, 285, 285. il 1 I
Culpymo); T — 4 Mdone40°C21h R L o285 995 |
b + R*CHO + =—R F N 99% 16e) Carson, Eur. J. Inorg. Chem.
16c) Tabares, J. Am. Chem. Soc. Cu(pymo), RY R? | | 2009, 76, 2338, R2
2001, 123, 383. 16f) Taher, RSC Adv. 2017, 7, 178086. 16f) Taher, RSC Adv. 2017, 7, 17806.
\ - /" 16d) Luz, J. Catal. 2012, 285, 285. ) 2

Figure 16 Cu-containing metal-organic frameworks (part 3)'62-f
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| 5) Fe-containing metal-organic frameworks (part 1)

Synthesis of CB Fe-MOF@Fe3;04NFC: Synthesis of 3,4-dihydropyrano[3,2-c]Jchromenes:
8 ) 0 |
= fo] : : MNHz
stirred
v 02+ ceionizedwater + FeNOgy — e Fe-MOF OH \\CN
Ne I 80°C 70°C, 12h CN CB Fe-MOF@Fe;04NFC ?
OH H (o] = : r . x~CHO et = =
— o i o | CN I// reflux, H,O 0o ! /“_R
; i ; i irradiati ashe 8
+ Fes0, 10 min mixture /nicrowave irradiation Wi 175 C CB Fe-MOF@Fe;04NFC . - R
900 W, 90 min 20% HOAGC 30 min 17a) Sheikhhosseini, Front. Chem. 2022, 10, 984502, 81-98%
Synthesis of MIL-53(Fe) MOF: Synthesis of Fe(INA)(NH,-BDC):
FeCly + HOQCOCOZH +  DMF (Solvent) Slogaed B0 MIL-53(Fe)MO
15 h, Solvothermal NH
2

- o FeCl,-4H,0
HO;C—G—COzH + N/”\:\>—002H ST e
Synthesis of pyrano[2,3-c]-pyrazoles: =

DMF, 120 °C (
CHO o o N
x
@/ +  HoN-NH, 4 MOEt + Cgl

R

\a

EtOH, rt.
Synthesis of TAPs from benzyl alcohols:

| 17b) Ghasemzadeh, Appl. Organomet. Chem. 2019, 3, 4679.

Synthesis of pyrimido[4,5-d]pyrimidines: OH (0] 0] W
=

o == O  Ar
rt L R R & | o [ Nge s [[ Dge  EtOH NHOAC, Sunight, Air flow
Loy S, D -
| 4 5
DWI\NH +  Ar—CHO + e ke P R2 R2
O 21 N ]

2 Solvent-free, 110 °C

17¢) Abdollahi-Basir, J. Mol. Struct. 2019, 1197, 318. 86-98% 17d) Rouzifar; o Phofochen. Fliofot/al. A 2024, 447, 115263,
Further reading Synthesis of a Fe;0,4/IRMOF-3/SO3;H nanocomposite:

17a) Sheikhhosseini, Front. Chem. 2022, 10, 984502. FeCl-6H.0 i § CISO.H

S 80 . peomnps TEOS, Fe0,@sio, —2ME1007C. 20O . ko 6 IRMOF-3 —o
17b) Ghasemzadeh, Appl. Organomet. Chem. 2019, 33, 4679. FeCly4H,0  NH,OH 2-aminoterephthalic acid CH,Cl, rt. )
17¢) Abdollahi-Basir, J. Mol. Struct. 2019, 1197, 318. Synthesis of beszopyraRopYFIMIdines: —

R2, _R
, , CHO 1 N
17d) Rouzifar, J. Photochem. Photobiol., A 2024, 447, 115263. \ OH I/CN " Fea04/IRMOF-3/5C R\ = o
+

17e) Mostafavi, Eur. J. Inorg. Chem. 2019, 6, 787. lieca CN ’ Re-N-R? L. EOH s » & | NN 78-98%

h a1 1
6g) Pascanu, J. Am. Chem. Soc. 2019, 141, 7223. R 17e) Mostafavi, Eur. J. Inorg. Chem. 2019, 6, 787. l = R

Figure 17 Fe-containing metal-organic frameworks (part 1)°9.172-¢
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5) Fe-containing metal-organic frameworks (part 2)

Synthesis of Fe(BTC): Synthesis of Fe-MIL(101):
gt 10°C washed with  dried at | ]
110 ° cooled to red a
150°C, 24 h : . HO c—@—co H + FeCly:6H,0 + DMF + HOAG - . ~ fEe:MIL(1008
Fe(NO3);-9H,0 + + DMF oofaled atrt dried at 60 °C 2 2 30M2 * 24 h m MeOH 80°C,24h -
Autoclaved in EtOH under vacuum 6 h
HO,C CO,H z

toluene, 110 °C, 18 h

18a) Devarajan, Asian J. Org. Chem. 2020, 9, 437.

Synthesis of substituted pyrroles:

R3 & \
NH, CHO 0 =X
o 0 R2
Fe-MIL(101) ‘
Gl » + [ » ML M, +  Meno, - /N
- N I B N
T = B R! 2

U TR R /|
18b) Tang, New J. Chem. 2015, 39, 4919. RrR?

Synthesis of BF-Fe based MOF@CuO N.C:

NaOH
CuS0,4-5H,0 + deionized water i - washed

dried at

pH8 with MeOH

e

80°C,12h

{Me(CHZ)”OSOwa + n-CgHyy + + Fe,03 + bentonite + water

80°C

E——

BF-Fe-based MOF

v,

Synthesis of N-amino-2-pyridones:

-

Synthesis of pyrano[2,3-d]pyrimidines:

as extensive surface areas. They have

Ar—CHO  + NC” T CN +  HN” "NH

O Ar high energy density Fe metal centers
that interact strongly with O atoms of

organic linkers, providing stability in

|

18e) Hootifard, Front. Chem. 2023, 11, 1193080.

CN

07 N" 07 "NH,
H

organic solvents and water.

Ar
i CN .
water _ CuO NPs microwaved _ dried at 190 °C ' . [~ o EF-Fe-based MOFQCUO.-—. NC._~~_CN
BF-Fe-based MO - - —> - = |BF-Fe-based MOF@CuO Ar—CHO + +  HsN—NH: -
80°C 10 min 300 W, 60 min 70 min ' —— CN ' o * ME\‘)ILOEl Solvent-free, reflux oF N I NH o
tirred ' 2
stirre 18¢) Hoot, Sci. Rep. 2023, 13, 15753. NH,
Synthesis of Fe;0,@MIL-101(Fe): Synthesis of amino nitriles through Strecker reactions:
RZ__R! .R?
. HO;E—@—COzH + - HN
NH,OH, 80 °C TEOS _ 5 R®-NH, +  TMSCN
Fe013-6H20 + FeCI2-4H20 - F3304@S|02 FeCl. DMF R‘ CN
e
APTES 3 18d) Mostafavi, Appl. Organomet. Chem. 2018, 32, 4217. R2
Synthesis of Fe;0,@MOF Fe N.C: Notable features Further reading
Fe.O microwaved e ed » 18a) Devarajan, Asian J. Org. Chem. 2020, 9, 437.
dried Fe-MOF " 3 2 i washe: - ri e - Many Fe-MOFs exhibit excellent
+ celont stirred at 80 °C, 10 min 145W_1h with HOAC __at 170 °C thermal and chemical stability, as well | |'52) Tang. New J. Chem. 2018, 39, 4919.

18c) Hoot, Sci. Rep. 2023, 13, 15753.

18d) Mostafavi, Appl. Organomet. Chem. 2018, 32, 4217
18e) Hootifard, Front. Chem. 2023, 11, 1193080.

12g) Hu, CrystEngComm 2017, 19, 4066.

5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.

Figure 18 Fe-containing metal-organic frameworks (part 2)3"129.18a-¢
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6) Co-containing metal-organic frameworks

Synthesis of a Co-MOF@Ag;0 nanocomposite:

Synthesis of Co-DAT-MOF:

HO,C COLH

+ Co(NO3)»

N
]
o

DMF

Agzo
B —_—
8h, 100 °C

Co(NO3),-6H,0

Synthesis of pyrazolopyranopyrimidines:

o o

Ar—CHO + H,N—-NH, + )J\/U\
ol

0 Ar O N\",NH
R .R
+ N N 0 I N S
Et XJ\N o N o NAX 4,6-diamino-2-thiopyrimidine
& H,0, 50 °C . Y

19a) Hootifard, Seci. Rep. 2023, 13, 17500.

Solvothermal
e

HN
ﬁ“
W
H,N N’ks

H
HN.__N.__S. ,-N
\Ej]/ Co \g,
=N
HN JNH
{ Co Co

N S
g

=N

"NH
— .
Ly
N/
NN
S
Co

"8
i N
CO‘Y\ NH;
N-’

HN,

.

Co
S
N

}rN\ ‘i\lH
-

HaoN

Synthesis of chromeno[2,3-d]

Synthesis of [Co(2,5-Pydc)(H;0);].H,0.MOF:

pyrimidin-8-amines:
Synthesis of tetrahydrobiphenylene-1,3-dicarbonitriles:

\

\ OH
N
Hozc—@COZH + Co(NOj3),.6H0 o) OG NH,4OAc
= I/CN Co-Pydc
MOF ‘
CN CHO
+ — = Ar CN CN 2 ==
EtOH, rt.
o d S
[Co(2,5-Pydc)(H,0),].H,0.MOF Cingidc Ar—CHO NC  NH, CN R

19b) Kumar Gangu, Inorg. Chim. Acta 2018,

482, 830. i, 95 ‘

Synthesis of PTA@ZIF-9(NH,):
N N\
Co(NO3),.6H,0 + @: S—NH,
N
H
ZIF-9-like structure
MeOH 1 H3PW|2O40

\ - J

Synthesis of 3,4-dihydropyrimidin-2-(1H)-ones:

R
o] 0] //l
MEMOEt o Ar N S

110 °C, 30 min N

¥ ASEHD e e EtoJ‘jl\/LNH Z

X L'

H
H,N” “NH, 4

Synthesis of pyrroloacridine-
1(2H)-one derivatives:

NH2

=

R

0O
%O
N
H

PEG, 110°C
R‘--./
Qs
N
=
I =
N

9 - :

19¢) Tayebee, Appl. Organomet. Chem. 2019, 33, 4959.

19d) Ghorbani-Choghamarani, Sci. Rep. 2023, 13, 7502.

Notable features

- Zeolitic imidazolate
frameworks (ZIFs) are a special
type of MOF, known for their
high crystallinity, exceptional
porosity, and adjustable pore
size for catalytic applications.

Further reading
19a) Hootifard, Sci. Rep. 2023,
13, 17500.
19b) Kumar Gangu, Inorg. Chim.
Acta 2018, 482, 830.
19c) Tayebee, Appl. Organomet.
Chem. 2019, 33, 4959.
19d) Ghorbani-Choghamarani,
Sci. Rep. 2023, 13, 7502.
19e) da Silva, Molecules 2019,
24, 630.
19f) Treesa, ChemistrySelect
2020, 5, 7400.
3g) Jiang, Chem. Commun. 2011,
47, 3351.
5f) Ghasemzadeh, Green Chem.
2020, 22, 7265.

Figure 19 Co-containing metal-organic frameworks39-5f192-f
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7) In-containing metal-organic frameworks

Synthesis of INPF-50 and In-PF51 MOFs:

Synthesis of In(lI)MOF:

Synthesis of InPF-16:

Habtb

G In(OAc);
InF5 —_—
A e
OHC Hsbtb CHO
InCl; ——
OHC l I CHO

Ugi four-component reaction:

o}
R1JLR2 R*CO,H @ or

+

OHC

HN
L_NH
—_— -
DMF
MeCN

HNO;

+ In(NO3)3-3H,0

R2
.
Oy R NH, I\\ -
o
=
[ ) + —sicen o+
// :{/ HN
R2 R

20b) Verma, ACS Appl. Mater. Interfaces 2021, 13, 52023.

NO,

In(OAc); , HOC O\G\
) SRS
CO,H
{ InPF-16 '}
\
he

INPF-16: [Ing(OH)s(popha)s(H,0)4]- 3H,0

Passerini three*:omponent reaction:

Ph—CHO
0
/

Ph—COQOH

+

CN—Cyhex

NH
Ph Cyhex

0.5-24 h

50-89%

20d) Aguirre-Diaz, Chem. Eur. J. 2016, 22, 6654.

Synthesis of InPF-110:

Strecker one-pot three-component reaction:

20a) Reinares-Fisac, Dalton Trans. 2019, 48, 2988,
20b) Verma, ACS Appl. Mater. Interfaces 2021, 13,
52023.

20c) Reinares-Fisac, J. Am. Chem. Soc. 2016,

138, 9089.

20d) Aguirre-Diaz, Chem. Eur. J. 2016, 22, 6654.
20e) Liu, Angew. Chem. Int. Ed. 2007, 46, 3278.
20f) Verma, Cryst. Growth Des. 2017, 17, 2711.
20q) Jeevananthan, Inorg. Chem. 2024, 63, 5446.
20h) Chai, Inorg. Chim. Acta, 2018, 479, 165.

3
Ra‘NHz R5-NC EtOH, r.t. % o
65-90%
20a) Reinares-Fisac, Dalton Trans. 2019, 48, 2988,
Further reading Notable features

- Indium-based metal-organic
frameworks (In MOFs) are
gaining attention in catalysis
due to their unigue 3D
frameworks, high surface
areas, Lewis acidity, and
excellent stabilities.

CHO
0
‘ R‘/ikRz
5
9 .
oo e
OHC CHO

[In305(CO)s(L)]

| +

Solvent-free, r.t.
1.5-24 h

HN—CR!
CN

81-99%

Synthesis of INPF-17:

NO,

CO,H

InPF-17: [In(popha)(2,2'-bipy)]-4H,0)
Ugi four-component reaction:

H Ph—NH,

J 20c) Reinares-Fisac, J. Am. Chem. Soc. 2016, 138, 9089.

Ph—CHO

* o] Ph

Ph—COOQOH )krﬁ Ph
+

Ph—NH, Ph O
+

CN—Cyhex 40-92%

20d) Aguirre-Diaz, Chem. Eur. J. 2016, 22, 6654,

Figure 20 In-containing metal-organic frameworks2%2-"
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8) Ni-containing metal-organic frameworks
Synthesis of Ni.CP MOF: Synthesis of NiCo,0,@Ni(BDC) MOF: Synthesis of spiroindene[1,2-d]pyrimidinones:
: Urea :
CO,H DMF. H.0 Ni(NOz), + Co(NOz), ——»  NiCoy04 X
: » M2 _ o
HO,C COH + Ni(NO;), T X o R it
o Autoclave, 160 °C, 24 h H,BDC ‘ _ NiCo,0,@Ni(BDC) HN
) = NiCo,0,@Ni(BDC) H.N" “NH, * + R
Ni(NO3),-6H,0, EtOH 2 2 o S OO
2
Synthesis of polyhydroquinolines in the presence of Ni-CP: o - o 3
(0] Notable Features 21b) Farhadi, ChemistrySelect 2019, 4, 729.
o o0
MOEt - The Ni-MOFs exhibited remarkable catalytic activity in the = Synthesis of 2,4-diamino-6-arylpyrimidine-5-carbonitriles:
synthesis of a variety of pyrimidine derivatives. r
! SR ) The Ni(BDC) bifunctional catalyst CHO NH NG e
v - The Ni group can serve as a bifunctional catalyst, = CN . . 8
EtOH, 80 °C using oxygen as a Lewis base and Ni?* as the Lewis acid. | . o . + O G0 C.@NIBDG) 7 N N
R CHO  NH,OAc . o : = : A HaN™ "NH, ————ee. i Ny
4 This offers benefits like simple reaction conditions, high R CN reflux RA= N
yields, and the use of cost-effective, non-toxic catalysts. NH,
21a) Koolivand, Sci. Rep. 2021, 11, 24475. | 21c) Ghasemzadeh, J. Organomet. Chem. 2019, 900, 120935,
Synthesis of CozFey/Ni-BDC MOF: Synthesis of 5-substituted 1H-tetrazoles:
stirred °
CoCly6H;0 + FeCly6H,0 + Ethylene glycol — Homogeneous Solution ——NoCAC 160 °C o
PEG-6000 r.t., 30 min 16h |/ NalN3 R
CN CoFe,04/Ni-BDC s
‘ + N/ N\ ,N*Ir'q
CO,H @/CHO EtOH, reflux NC HN-N
. NaOH (0.4 M Autoclaved and kept ‘
Ni(NOg)y6H,0 4 sidibhialbol - - CoFe,04/Ni-BDC I~ 55-98%
R
DMF at100°C,8h DMF, NaQOH, 100 °C, 8 h |
COzH
) 21d) Priyanka, Chem. Eng. J. 2024, 496, 153995,
Further reading
Synthesis of Ag/Ni-MOF: A3 coupling reaction of aldehydes, amines, and alkynes: 21a) Koolivand, Sci. Rep. 2021, 11, 24475.
i 8 8 K-GO 21b) Farhadi, ChemistrySelect 2019, 4, 729.
£ N T\ 2 + . R? N,R2 21c) Ghasemzadeh, J. Organomet. Chem.
idi AgNO urotropine GRS . 7o-<0 - 2019, 900, 120935.
S pyrcne NiMOF —2¢ - CHINEED ———— D R2NH ‘
% DMSO, 130 °C 60-70 °C 5 10-120 min, MeCN R 5 21d) Priyanka, Chem. Eng. J. 2024, 496, 153995.
R
) w N, (1 atm)
Ni(ClO4),6H,0 21e) Wang, Synleft 2009, 447, =R 2 75-95% 21e) Wang, Synlett 2009, 447.
5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.

Figure 21 Ni-containing metal-organic frameworks>21a-¢
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9) Ti-containing metal-organic frameworks

‘ l 10) Al-containing metal-organic frameworks

Synthesis of Ti-MOF-UR:

Synthesis of Fe;0,4 surrounded by Ti-MOFs:

N CHO
o} 5 ~
>70-“I:'i—0v< i, Solvothermal (MIL-1 25(Ti)-NH2_i Solvothermal
0 NH, e PhNCO
)\ CHO

75°C
—_—
COH H,0

==
Fes0; + Ti(NOa), + /||\/j\

HO,C

Fe;0,/Ti-MOF MNPs

Synthesis of pyrazolo[4,3-e]pyridine derivatives:

+ Ar—CHO + @\)1
A

Y

N
H

Cl

T| MOF-UR

Neat 110 °C
N

NH,

22a) Torkashvand, Mol. Catal. 2023, 541, 113107.

Synthesis of pyrazole-4-carbonitrile derivatives:

NO,

HN.
NH,

22b) Qubais Saeed, Front. Mater. 2023, 10, 1156702.

NO,
CN |Fe 0,4/ Ti-MOF MNPs] 0,
+ CFN + Ar—CHo A22F N

_N
N
MNHz
Ar

CN

11) Mn-containing metal-organic frameworks

12) Bi-containing metal-organic frameworks

Synthesis of NH;-MIL-53(Al):

AICI;-6H,0

+

27°C AR, (NH,-MIL-53(A])
DMF

HOZCOCOQH

HzN

Synthesis of aminoimidazo[1,2-a]pyridines:

[ N NH,
N - R?
7 NH,-MIL-53(Al) NH R
R]
i A
Ar—CHO  Solvent-free, 65 °C =
N
® o 80-95%
| REN=C

22c) Rostamnia, Appl. Organomet. Chem. 2016, 31,
e3584.

Synthesis of UoB-4 (Mn-MOF) nanostructures:

Synthesis of BiPF-4 (Bi-MOF):

=N H,0
N

H,bdda

HO,C” :

CO,H
NaOH s o 2
,©/ + Mn(acac), ———» [UioB-4 nanosiructure.

CO,H
(Mn-MOF) O, N SP —» [Bi14(13-0)g(n4-0)2(13-OH)5(3,5-DSB)s(H,0)3) 7TH,0
N c
Bi(NOa)s

Synthesis of 1,4-DHPs via the Hantzsch reaction:

CHO
o}

= (o]
+ NH4OAc
| = + 2 MORZ

Ri

o4

22d) Aryanejad, New J. Chem. 2020, 44, 1508.

o
1JLR2 + R¥NH; +

N
R %'.— T R‘J,»NH +R!
R?

22e) Gomez-Oliveira, Inorg. Chem. 2022, 61, 7523.

A® Strecker reaction using various ketones, amines, and TMSCN:

"‘0; + }-N

R2 Sl— R3

Notable features
- Aluminum-containing MOFs contribute to
excellent physical and chemical stability.

- High porosity is due to the high charge density of
Al(IIN) and its small ionic radius.

Further reading
22a) Torkashvand, Mol. Catal. 2023, 541, 113107.

22b) Qubais Saeed, Front. Mater. 2023, 10, 1156702.
22c) Rostamnia, Appl. Organomet. Chem. 20186, 31,
e3584.

22d) Aryanejad, New J. Chem. 2020, 44, 1508.
22e) Gomez-Oliveira, Inorg. Chem. 2022, 61, 7523.

22f) Aguirre-Diaz, J. Am. Chem. Soc. 2015,
137, 6132.

5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.
6g) Pascanu, J. Am. Chem. Soc. 2019, 141, 7223.
12g) Hu, CrystEngComm 2017, 19, 40686.

Figure 22 Ti-, Al-, Mn-, and Bi-containing metal-organic frameworks>"69.12.22a-f
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13) Cd-containing metal-organic frameworks

Structure of Cd(ll) MOF: Synthesis of 2-amino-6-thiopyridine-3,5-dicarbonitriles:
i 1
— R! — CN T T CgHy-R
Cd(ll) MOF
s LA SQSO 4 AN \, ——— Cd(44-Bpe)y(H,0)s(m-BDS) ‘@—cm + CN + Re—sH ———, N S CN
3 3 TR 2
L m-BDS Bpe 7 Gd(ll) MOES J | 4f) Thimmaiah, Tetrahedron Lett. 2012, 53, 4870. Ris SN NH,
Synthesis of CSMCRI MOF: Synthesis of Biginelli condensation:
0 heated ) =\_R
CHO [e]
CdNOg)4H0  +  HgTCA*  + dpa™ “‘NJ\ 85°C,4d @/ )OU?\ J \7
seessassessmessaseisisisrasienssseaiass ety | // * OEt * HoN NH; Solvent-free HN 0 Yield: 84-94%
o o P — ! R o}
TG/ MicambaoioRnd Rpe dpwrdinyt come ¢ ) | 23a) Seal, Mater. Today Chem. 2022, 26, 101064. in—7 ot

14) Ag-containing metal-organic frameworks

Synthesis of Ag-CP:

Synthesis of polyhydroquinolines:

i B0 e BUIE r,stnrreci ' Aut::clave Sonicated for 20 min Ar—CHO % )J\/IL OEt + NH.OAC
G it 80°C,20min  160°C, 24 h dried at r.t. Solvent
£ 2 | 23b) Hussain-Khil, Sci. Rep. 2021, 11, 15657.
| 15) Ir-containing metal-organic frameworks
Synthesis of Ir-3 MOF: ! Synthesis of quinazoline derivatives: 5 2 R® |
NorNs stirred A s ; cooled at .t Ri TN
(CpirCla)y  + NaOAac  + || + GCHCl, : i N\ # + R TOH + NH, ]
st o, ' ° = =
60°C,12h : 23¢) Tan, iScience 2020, 23, 101003. O,N t-BuONa, toluene, 140 °C N R‘_

16) Er-containing metal-organic frameworks

17) Ta-containing metal-organic frameworks

Figure 23 Cd-, Ag-, Ir-, Er-, and Ta-containing metal-organic frameworks?*"523a-¢

Synthesis of Er-MOF: Synthesis of Ta-MOF:
HO,C.__N__CO,H P .
CO,H 2 > 2 10 min, 25 °C .
Ta(NO3);-6H,0 H,0 - i
R ok U " & Ultrasound (150 W) M3
Er(NO3)6H,0 4 DMF, H,0 R ‘@i J
HO,C COzH 105°C, 24 h Synthesis of 1,4-dihydropyran derivatives:
o o cN O Ar
Hantzsch coupling for the synthesis of tetrahydro-4H-chromenes: Ta-MOF CN
Ar—CHO  + )J\/u\om w B W MeO”™ " Vield: 84:95%
& . 23e) Ahmad, Front. Chem. 2022, 10, 967111. g 0~ “NH,
2 M +  NH4OAc Ar—CHO Further reading
OMe ‘ ’ T w 23a) Seal, Mater. Today Chem. 2022, 26, 101064.  23e) Ahmad, Front. Chem. 2022, 10, 967111,
23b) Huesain-tohil, Sci. Rep. 2021, 11,.15657, 4f) Thimmaiah, Tetrahedron Lett. 2012, 53, 4870.
28d) Hobaohrall, etal Lot 2017, 147, 483, R o it & 5f) Ghasemzadeh, Green Chem. 2020, 22, 7265

23d) Hajiashrafi, Catal. Lett. 2017, 147, 453.

Notable features

- Some Cd-MOFs have
fluorescence properties, which
find applications in sensors and
optical devices.

- Many Er-MOFs demonstrate
excellent thermal and chemical
stability.

- The erbium ion has magnetic
properties, which can impart
specific magnetic
characteristics to Er-MOFs.
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18) Bimetallic metal-organic frameworks

Synthesis of [CoNi(l3-tp)a(l-pyz);] (Co/Ni MOF):

Synthesis of a Cu-containing MOF:

dissolved in water

HO,C.__N._CO,H

CO,H
CO(NOa)z'BHzO N >
-
oo
N
Ni(NO3), 6H,0 pyrazine COH

stirred, 200 °C, 48 h
(tp = terephthalic acid, pyz = pyrazine)

Irradiated with ultrasound

-
=

20 kHz, 220 W, 60 °C, 20 min

dried under vacuum -
48 h, rt.

[CoNi(lz-tp)a(l2-pyz)2]

Synthesis of substituted imidazoles:

Synthesis of a Co-containing MOF:

-

v,

HOLC NS COH oo,

Irradiated with ultrasound

o

O Cl cHo @@ O
or + b + NHsOAc N malll
- 1 L7\ 7
O OH O 0] R/ Solvent-free, 120 °C O

dried under vacuum -
20 kHz, 220 W, 60 °C, 20 min 48 h, r.t.

Synthesis of Cu/Co-hybrid MOF nanostructures:

I Z

24a) Ramezanalizadeh, Monatsh. Chem. 2017, 148, 347.

Synthesis of CoFe;04/[Cuy.63/Zny.37-TMU-17-NH,]:

stirred
—_—

o )

70°C

Y

" Irradiation (220 W), r.t., 20 min
Homogeneous mixture -
20 KHz ultrasound

24d) Asiri, Front. Mater. 2023, 10, 1214426.

24b) Yadollahi, Appl. Organomet. Chem. 2019, 33, 4819.

5f) Ghasemzadeh, Green Chem. 2020, 22, 7265.

& B Zn2t Cu?* Synthesis of pyrano[2,3-c]pyrazole derivatives using Cu/Co-hybrid MOF nanostructures:
ore;
NH, * DMF,90°C
0 b T
HO,C CO.H 1 1 Ph CN - / CN
~ "ot * l!JHNHZ + A=CHO + [ S |
CN  EtOH:H,0 (1:1), 40 °C N— o~ “NH
Synthesis of tetrazole derivatives catalyzed by CoFe;0,/[Cug.63/Zn.37-TMU-17-NH,]: " 2
244d) Asiri, Front. Mater. 2023, 10, 1214426.
CHO h}"‘!.N Further reading Notable features
= == N 24a) Ramezanalizadeh, Monatsh. Chem. 2017, 148, 347.
| + NaN; + NH,OH.HCI ,
o i 3 2 DME, 120 °C, 5-15 min I, 525 H 24b) Yadollahi, Appl. Organomet. Chem. 2019, 33, 4819. - Bimetallic MOFs are metal-organic
R R 24c) Zhang, Angew. Chem. Int. Ed. 2014, 53, 12517.

frameworks that possess more than one metal
ion in their frameworks.

Synthesis of Zn/Ni-MOF-2 NAHNs:

Alkoxycarbonylation of aryl iodides:

HO;C—@—COZH + DMAc + Zn2* + NiZ* EtOH E

Zn/Ni-MOF-2 NAHNS ! =

|
L, J + co + Eona i s

24c) Zhang, Angew. Chem. Int. Ed. 2014, 53, 12517.

|l
R EtOH, 60 °C R

- The presense of two metal ions can result
in more complex and diverse structural
arrangements, leading to novel properties
and functionalities.

Figure 24 Bimetallic metal-organic frameworks®"242-d
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