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Pyrazolate-based metal—organic frameworks

Metal—organic frameworks:

• 3-dimensional materials
• Metal ions + organic linkers
• Crystalline
• Porous
• Tunable

Zn3(BTP)2. 4CH3OH • 2H20
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Traditional route to 4,4'-bipyrazole

Nine-step synthesis of 4,4'-bipyrazole published in 1964 (J. Org. Chem. 1964, 29, 3046)
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Bipyrazole via homocoupling?

Symmetrical biaryls should be accessible via transition metal N
X + Xcatalyzed C-C bond formation between the two rings HN

cat.

a Los Alamos
NATIONAL LABORATORY

HN \ N

\ NH 
?

Taylor, M.K.; Juhl, M.; Hadaf, G. B.; Hwang, D.; Velazquez, E.; Oktawiec, J.; Lefton, J. B.; Runõeyski, T.; Long, J. R.; Lee, J.-W. In preparation. 6



Bipyrazole via homocoupling?

Symmetrical biaryls should be accessible via transition metal N
X + Xcatalyzed C-C bond formation between the two rings HN

cat.

Protected pyrazole boronic ester found to undergo homocoupiing in the presence of Pd(PPh3)4

a Los Alamos
NATIONAL LABORATORY

HN N

\ NH 
?

Taylor, M.K.; Juhl, M.; Hadaf, G. B.; Hwang, D.; Velazquez, E.; Oktawiec, J.; Lefton, J. B.; Runõeyski, T.; Long, J. R.; Lee, J.-W. In preparation. 6



Bipyrazole via homocoupling?

Symmetrical biaryls should be accessible via transition metal N
X + Xcatalyzed C-C bond formation between the two rings HN

cat.

Protected pyrazole boronic ester found to undergo homocoupiing in the presence of Pd(PPh3)4

Et0

Traditional routes

4 steps

OEt

H 2 steps

acetylene
formaldehyde

NC CN 5 ste

2 steps

phosgene
hydrazine

This work

HN

N—NH

HN—N
4,4'-bipyrazole

(H2bpz)

cat. Pd(0)

air as oxidant
aqueous reaction
no chromatography
one-pot, scalable

commercial starting materials

,PG
N—N

a Los Alamos
NATIONAL LABORATORY

,„=  

N

\ NH (

Taylor, M.K.; Juhl, M.; Hadaf, G. B.; Hwang, D.; Velazquez, E.; Oktawiec, J.; Lefton, J. B.; RunCeyski, T.; Long, J. R.; Lee, J.-W. In preparation. 6



Optimization of Pd-catalyzed homocoupling • Los Alamos
NATIONA 

EST 1943  

v Catalyst V Temperature

Optimized conditions

V Base V Duration Me,
Pd(PPh3)4 (5 mol%)
Cs2CO3 (3 equiv)

Me,

V Solvent system V Stoichiometry

N
I
N N

%MeH20/1,4-dioxane (1:1, 1 M)
\BPin

95 °C, air, 48 h 85%

N/ Atmosphere V Work-up

Taylor, M.K.; Juhl, M.; Hadaf, G. B.; Hwang, D.; Velazquez, E.; Oktawiec, J.; Lefton, J. B.; Runõevski, T.; Long, J. R.; Lee, J.-W. In preparation. 7



Optimization of Pd-catalyzed homocoupling

v Catalyst V Temperature

Optimized conditions

V Base V Duration Me,
N
i

Pd(PPh3)4 (5 mol%)
Cs2CO3 (3 equiv)

iw

Me,

BPin
V Solvent system V Stoichiometry N H20/1,4-dioxane (1:1, 1 M)

v Atmosphere V Work-up

95 °C, air, 48 h

Improved protecting group

THP,
N \
N., BPin

Pd(PPh3)4 (15 mol%)
Cs2CO3 (1 equiv)

H20/1,4-dioxane (1:1, 1.4 M)

100 °C, air, 24 h

then HCI

HN \

N--

--N

\ NH

81%

• Los Alamos
NATIONAL LAORATORY

EST 94

B

3

N N
i
N \ N

%Me

85%

Taylor, M.K.; Juhl, M.; Hadaf, G. B.; Hwang, D.; Velazquez, E.; Oktawiec, J.; Lefton, J. B.; Runševski, T. ; Long, J. R.; Lee, J.-W. In preparation. 7



Optimization of Pd-catalyzed homocoupling • 117.4914:1L 9/91TATil

  S, 1943

V Catalyst V Temperature

Optimized conditions
t

V Base V Duration Me,
N \

Pd(PPh3)4 (5 mol%)
Cs2CO3 (3 equiv)

Me,
N
1>

\
V Solvent system V Stoichiometry N

BPin
H20/1,4-dioxane (1:1, 1 M)

1\1 N
%Me

95 °C, air, 48 h 85%

V Atmosphere V Work-up

Improved protecting group

THP,
N 

N
I 
-- 

BPin

Pd(PPh3)4 (15 mol%)
Cs2CO3 (1 equiv)

H20/1,4-dioxane (1:1, 1.4 M)

100 °C, air, 24 h

then HCI

HN \ --N
i
N \ NH

81%

Substituent variation

',3
N—N

I /

N

IV /
Me"

_ 

BPin

,
/ N

Me

..--11

Pd(PPh3)4 (5-20 mol%), Cs2CO3 (1 eq)ss

H20/Dioxane, air, 95 °C, 18-144 h

N--

N
1 /

Bn
,

Bn

, Y ----   y
N N -- 

/ 
N

70%a 64% b 76%a

Ri-

R1 R2
- R3

N  / N

N / --N
,

R2 R1

Y   
z 

/ 1;1
N / --N

53%C

Taylor, M.K.; Juhl, M.; Hadaf, G. B.; Hwang, D.; Velazquez, E.; Oktawiec, J.; Lefton, J. B.; RunCevski, T.; Long, J. R.; Lee, J.-W. ln preparation. 7



Application to metal—organic framework synthesis
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In situ diffraction studies for Co(bpz)
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First reported homocoupling of pyrazole boronic
esters to access symmetrical bipyrazoles

Optimized reaction conditions improve route to
promising ligands for metal-organic frameworks

Ligand synthesis enabled first crystal structure of
Co(bpz)

Co(bpz) found to possess adsorbate-dependent
and temperature-induced structural flexibilty

Pd-catalyzed homocoupling will allow for more
insights into and development of pyrazole-based
metal-organic frameworks
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