
Accepted Manuscript

Efficient and chromatography-free methodology for the modular synthesis of

oligo-(1H-pyrazol-4-yl)-arenes with controllable size, shape and steric bulk

Laurence J. Kershaw Cook, Rachel Kearsey, Jessica V. Lamb, Edward J. Pace,

Jamie A. Gould

PII: S0040-4039(16)30043-0

DOI: http://dx.doi.org/10.1016/j.tetlet.2016.01.043

Reference: TETL 47207

To appear in: Tetrahedron Letters

Received Date: 25 November 2015

Revised Date: 8 January 2016

Accepted Date: 12 January 2016

Please cite this article as: Kershaw Cook, L.J., Kearsey, R., Lamb, J.V., Pace, E.J., Gould, J.A., Efficient and

chromatography-free methodology for the modular synthesis of oligo-(1H-pyrazol-4-yl)-arenes with controllable

size, shape and steric bulk, Tetrahedron Letters (2016), doi: http://dx.doi.org/10.1016/j.tetlet.2016.01.043

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.tetlet.2016.01.043
http://dx.doi.org/http://dx.doi.org/10.1016/j.tetlet.2016.01.043


  

Efficient and chromatography-free methodology for the modular 

synthesis of oligo-(1H-pyrazol-4-yl)-arenes with controllable size, 

shape and steric bulk 

 

Laurence J. Kershaw Cook, Rachel Kearsey, Jessica V. Lamb, Edward J. Pace and Jamie A. Gould* 

School of Chemistry, University of Leeds, Leeds, LS2 9JT, UK 

E-mail: j.a.gould@leeds.ac.uk 

 

Keywords: Pyrazoles, Oligo-(1H-pyrazol-4-yl)-arenes, Pyrazolate metal-organic frameworks, Suzuki 

coupling, Boronate pinacol esters 

 

Abstract 

A novel methodology to synthesise oligo-(1H-pyrazol-4-yl)-arenes with controllable size, shape and 

steric bulk from 1-trityl-1H-pyrazol-4-ylboronate pinacol esters. This straightforward and efficient 

procedure can be applied to a variety of brominated aromatic precursors in a manner which leaves 

the pyrazole NH intact for further modification or coordination to metal ions. This will enable the 

synthesis of novel bioactive molecules and molecular material precursors, all achievable without any 

purification techniques beyond standard extraction and trituration.  

 

Introduction 

Pyrazoles are an important class of molecules due to their inherent bioactivity,
1,2

 leading to their 

integration into pharmaceuticals,
3
 and agrochemicals.

4
 Pyrazoles have also attracted the interest of 

inorganic/supramolecular chemists as they possess diverse coordination modes,
5
 making them ideal 

tectons for generating molecular materials.
6,7

 The typical route to synthesise pyrazoles is via the 

condensation of hydrazines with 1,3-dielectrophiles
7–9

 such as dicarbonyls, ynones, enones and β-

ketoesters. However, this methodology has limited regioselective control and relies upon the 

integration of desired functional groups into the building blocks. This extends the number of synthetic 

steps and can require the use of toxic/hazardous reagents. 

Recently pyrazoles have been utilised as ligands to construct metal-organic frameworks (MOFs) 

as their hydrolytically stable coordination bonds lead to materials with enhanced chemical and thermal 

stability.
10,11

 The ligands most commonly utilised in MOFs are derived from 1H-pyrazole or 3,5-

dimethyl-1H-pyrazole, linked through the 4-position with phenylene spacers of fixed stereochemical 

geometry.
11–13

 Within these materials, pyrazole is deprotonated to yield the pyrazolate anion which 

bridges between two metal centres, with each N atom coordinating to a distinct metal ion. Materials 

are also formed from ligands bearing carboxylic acids either directly at the 4-position or with a para-

phenyl spacer. The common route to synthesise oligo-(1H-pyrazol-4-yl)-arenes is to attach a oligo-

1,3-dielectrophile to an arene via the Vilsmeier-Haack-Arnold formylation reaction, isolating the oligo-



  

1,3-electrophile as a bis- or tris-perchlorate salt. This potentially explosive intermediate is then 

condensed with hydrazine to yield the final pyrazole ligand.
10

 Typical yields are between 34%
10

 and 

41%.
12

 

An alternative methodology to generate 4-aryl-1H-pyrazoles is via Suzuki coupling.
14

 This has 

previously been utilised to synthesise the pyrazolecarboxylic acid ligands, 4-(1H-pyrazol-4-yl)benzoic 

acid
15

 and 5-(1H-pyrazol-4-yl)isophthalic acid.
16

 Within these syntheses, the pyrazole NH groups were 

protected using ethylvinylether and trityl chloride respectively, both of which can be readily cleaved 

under acidic conditions. To date Suzuki coupling has not been utilised to synthesise extended oligo-

(1H-pyrazol-4-yl)-arenes. Sonogashira coupling has been used to synthesise a series of extended 

bis-(1-Boc-1H-pyrazol-4-yl)-1,2-alkynes (Boc = tert-butyloxycarbonyl).
15

 However, the major drawback 

of this methodology is that the Boc group cannot be removed by conventional methods and must be 

removed under solvothermal conditions. There are currently no examples of Suzuki or Sonogashira 

coupling to yield oligo-(1H-pyrazol-4-yl)-arenes based upon 3,5-dimethyl-1H-pyrazole. These 

synthetic difficulties restrict the availability of pyrazole ligands, hindering the research of novel 

pyrazolate derived molecular materials. 

 We therefore decided to develop an efficient modular Suzuki coupling methodology for the facile 

attachment of 1H-pyrazole and 3,5-dimethyl-1H-pyrazole to arenes via the 4-position (Scheme 1). 

This will permit the synthesis of a vast library of oligo-(1H-pyrazol-4-yl)-arenes, aiding the 

advancement of pyrazolate MOFs, other pyrazole derived molecular materials, and natural 

products/agrochemicals containing 4-aryl-1H-pyrazole or 4-aryl-3,5-dimethyl-1H-pyrazole. 

 

Scheme 1. Our methodology for the synthesis of oligo-(1H-pyrazol-4-yl)-arenes from 4-bromo-1-trityl-

1H-pyrazoles via 1-trityl-1H-pyrazol-4-ylboronate pinacol esters. 

 

Herein, we describe the development of a facile and high yielding modular synthesis of 4-(1H-pyrazol-

4-yl)benzoic acids and oligo-(1H-pyrazol-4-yl)-4-arenes from 4-bromo-1-trityl-1H-pyrazoles and 1-

trityl-1H-pyrazol-4-ylboronate pinacol esters respectively. This methodology can be achieved using 

either 1H-pyrazole or 3,5-dimethyl-1H-pyrazole precursors, permitting steric control over the 

pyrazolate-coordinating moiety. Furthermore the synthesis can be completed without the use of 

column chromatography, with isolation possible through standard aqueous/organic extraction and 

trituration. The effectiveness of this protocol is demonstrated by the synthesis of the novel oligo-(1H-

pyrazol-4-yl)-4-arenes; 1,3,5-tri(3,5-dimethyl-1H-pyrazol-4-yl)benzene (H3BTdmPz), 1,3,5-tris[4-

phenyl(1H-pyrazol-4-yl)]benzene (H3BTBPz) and 1,3,5-tris[4-phenyl-(3,5-dimethyl-1H-pyrazol-4-

yl)]benzene (H3BTBdmPz). 

Our initial strategy focused upon the synthesis of 1H-pyrazole and 3,5-dimethyl-1H-pyrazole 

derivatives of 4-(1H-pyrazol-4-yl)benzoic acid. This was achieved from the Suzuki coupling of trityl 



  

protected 4-bromopyrazoles with (4-(methoxycarbonyl)-phenyl)boronic acid based upon previous 

methodologies,
14,17

 but with minor adjustment. This facile route gives yields in excess of 95% for both 

4-bromo-1H-pyrazole and 4-bromo-3,5-dimethyl-1H-pyrazole precursors. The formation of the 

corresponding 4-(1H-pyrazol-4-yl)benzoic acid species is then completed by Suzuki coupling using 

catalytic Pd(PPh3)4 in 1,4-dioxane with K3PO4·2H2O. Complete reaction can be achieved with as little 

as 0.5 mol% catalyst loading, demonstrating the high activity of these species without the need for 

expensive or customised Pd ligands. This is in contrast to previous reports of Suzuki coupling with 4-

bromo-1-trityl-1H-pyrazole, where up to 10 mol% loading was required for successful reaction.
14–17

 

Deprotection of the trityl and ester groups is achieved sequentially without the need for subsequent 

purification. Removal of the ester groups after trityl deprotection permits the extraction of all by-

products into the organic phase, leaving sodium 4-(1H-pyrazol-4-yl)benzoate salts within the aqueous 

medium which can be trivially protonated to yield the corresponding acids in excellent yields (Scheme 

2). 

 

Scheme 2. Synthesis of 4-(1H-pyrazol-4-yl)benzoic acids from 1-trityl-1H-4-bromopyrazoles and 

subsequent deprotection using TFA in CH2Cl2/MeOH. Quoted yields for 5 and 6 are for the combined 

coupling and deprotection steps. 

 

Although phenylboronic acids containing various functional groups have shown high conversion to 

the Suzuki coupled products,
14

 it was found that this chemistry does not extend to aryl species 

containing more than one boronic acid group. Substrates attempted to employ under Suzuki coupling 

conditions with 4-bromo-1-trityl-1H-pyrazole (1) and 4-bromo-3,5-dimethyl-1-trityl-1H-pyrazole (2) 

include 1,4-benzenediboronic acid, 4,4′-biphenyldiboronic acid and 1,3,5-tris-(4-phenylboronic 

acid)benzene (Table 1).
18

 However, little or no reaction was observed with either 1 or 2, even with 

increased catalyst loading. In order to circumvent this issue an alternative strategy was employed, 

coupling 1-trityl-1H-pyrazol-4-ylboronate pinacol esters to polybrominated arenes. The wide scope of 

this innovative strategy allows for modular construction of new compounds based upon the 

brominated arene precursor. 

 

Table 1. Attempts for generating 4-(1H-pyrazol-4-yl)benzoic acids, extended bis-1,4- and tris-1,3,5- 

aryl-1H-pyrazol-4-yls based upon pyrazole and 3,5-dimethylpyrazole using the approach outlined in 



  

Scheme 2 from 1-trityl-1H-4-bromopyrazoles. Quoted yields are for the combined coupling and 

deprotection steps 

5, 4-(1H-pyrazol-4-yl)benzoic acid, 75% 6, 4-(3,5-dimethyl-1H-pyrazol-4-yl)benzoic acid, 90% 

 

 

7, H2BDPz, 0% 8, H2BDdmPz, 0% 9, H2BPDPz, 0% 

10, H2BPDPz, 0% 11, H2BPDPz, 0% 12, H3BTdmPz, 0% 

 

Pinacol esters were synthesised as previous reports suggest that pyrazol-4-ylboronic acids are not 

air-stable
19

 while pinacol esters provide ease of workup.
20

 Initially the formation of trityl protected 

analogues of 1-methyl-1H-pyrazol-4-ylboronic acid pinacol ester lithium ate complex were attempted 

based upon the method by Mullens,
19

 as these compounds are reported to have high stability and 

Suzuki coupling activity. However we were unable to isolate these species from either 1 or 2. 

Successful formation of 1-trityl-1H-pyrazol-4-ylboronate pinacol ester (3) was achieved from a one-

pot reaction in THF via lithium-halogen exchange, addition of triisopropyl borate and subsequent 

encapsulation of the boronic acid with pinacol to yield the final compound. The analogous reaction 

can also be completed with 2, yielding 3,5-dimethyl-1-trityl-1H-pyrazol-4-ylboronate pinacol ester (4), 

permitting control over the steric bulk of the pyrazole subunit. Suzuki coupling of the 1-trityl-1H-

pyrazol-4-ylboronate pinacol esters with polybrominated arenes is typically achieved using 1 mol% 

Pd(PPh3)4 in 1,2-dimethoxyethane (DME), with yields of up to 87% in 18 hours (Scheme 3 and Table 

2). Removal of the trityl group is achieved using TFA in an analogous manner to the preparation of 

1H-pyrazol-4-ylbenzoic acids described above (Scheme 3).  

 

Scheme 3. Synthesis of 1,4-bis(1H-pyrazol-4-yl)benzenes from 1-trityl-1H-pyrazolyl-4-boronate 

pinacol esters and subsequent deprotection using TFA in CH2Cl2/MeOH. Quoted yields for 7 and 8 

are for the combined coupling and deprotection steps. 

Using this methodology, a series of oligo-(1H-pyrazol-4-yl)-arenes with linear and trigonal geometries 

were synthesised based upon the 1H-pyrazole and 3,5-dimethyl-1H-pyrazole subunit (Table 2). We 



  

selected these geometries as they are the most common within MOF ligands. This includes pyrazoles 

which have been previously used as ligands to synthesise pyrazolate-derived MOFs (7-11), and novel 

compounds (12-14). Entries 13 and 14 are 1H-pyrazole/3,5-dimethyl-1H-pyrazole analogues of the 

carboxylic acid MOF ligand 1,3,5-tris(4-carboxyphenyl)benzene (H3BTB). We envisage that both 

H3BTBPz and H3BTBdmPz could be utilised for the synthesis of novel pyrazolate MOFs with identical 

topologies to either MOF-177
21

 or the mixed ligand material UMCM-1,
22

 but with enhanced chemical 

stability known to be derived from metal-pyrazolate coordination. 

 

Table 2. Substrates tested for the generation of extended linear bis-1,4- and trigonal tris-1,3,5- aryl-

1H-pyrazol-4-yls based upon pyrazole and 3,5-dimethylpyrazole from 1-trityl-1H-pyrazol-4-ylboronate 

pinacol esters. Quoted yields are for coupling and subsequent deprotection. 

 

 

 

7, H2BDPz, 63% 8, H2BDdmPz, 87% 9, H2BPDPz, 61% 

10, H2BPDPz, 61% 11, H2BPDPz, 61% 12, H3BTdmPz, 45% 

13, H3BTBPz 73% 14, H3BTBdmPz, 69% 

 

In summary, we report a Suzuki coupling methodology that permits the synthesis of a wide range 

of oligo-(1H-pyrazol-4-yl)-arenes with controlled size, geometry and steric bulk based upon the choice 

of brominated building block and pyrazol-4-ylboronate pinacol ester. This procedure will permit the 

advancement of pyrazole derived molecular materials, natural products, pharmaceuticals and 

agrochemicals containing 4-aryl-1H-pyrazole or 4-aryl-3,5-dimethyl-1H-pyrazole. 



  

However, we envisage this methodology will have the greatest impact within the field of MOFs, as it 

permits facile synthesis of pyrazolate MOF ligands. This could be used to further study known 

materials, or it could be utilised to synthesise a wide range of new pyrazolate MOFs with control of 

porosity and functionality via the reticular approach currently used in carboxylate-MOF chemistry. The 

utilisation of pyrazole ligands for the synthesis of new MOFs is an important next step within the field 

where materials with increased stability is a priority, specifically for industrial application where long 

lifetimes of materials are essential.
23

 

 

 

Acknowledgments 

We thank the EPSRC for funding through the Directed Assembly Network (PP 14 11 04), and the 

University of Leeds for financial support. 

 

Supplementary data 

Supplementary data (experimental procedures & NMR spectra) associated with this article can be 

found in the online version. 

 

References and notes 

1. Kasiotis, K.M.; Tzanetou, E.N.; Haroutounian, S.A. Front. Chem. 2014, 2, 1–7. 

2. Küçükgüzel, Ş.G.; Şenkardeş, S. Eur. J. Med. Chem. 2015, 97, 786–815. 

3. Terrett, N.K.; Bell, A.S.; Brown, D.; Ellis, P. Bioorganic Med. Chem. Lett. 1996, 6, 1819–1824. 

4. Jeanguenat, A. Pest Manag. Sci. 2013, 69, 7–14. 

5. Halcrow, M.A. Dalton Trans. 2009, 2059–2073. 

6. Pérez, J.; Riera, L. Eur. J. Inorg. Chem. 2009, 4913–4925. 

7. Roberts, T.D.; Little, M.A.; Kershaw Cook, L.J.; Halcrow, M.A. Dalton Trans. 2014, 43, 7577–

7588. 

8. Kim, B.R.; Sung, G.H.; Ryu, K.E.; Lee, S.-G.; Yoon, H.J.; Shin, D.-S.; Yoon, Y.-J. Chem. 

Commun. 2015, 51, 9201–9204. 

9. Fustero, S.; Sánchez-Roselló, M.; Barrio, P.; Simón-Fuentes, A. Chem. Rev. 2011, 111, 6984–

7034. 

10. Colombo, V.; Galli, S.; Choi, H.J.; Han, G.D.; Maspero, A.; Palmisano, G.; Masciocchi, N.; Long, 

J.R. Chem. Sci. 2011, 2, 1311–1319. 

11. Tonigold, M.; Lu, Y.; Bredenkötter, B.; Rieger, B.; Bahnmüller, S.; Hitzbleck, J.; Langstein, G.; 

Volkmer, D. Angew. Chem. Int. Ed. 2009, 48, 7546–7550. 

12. Choi, H.J.; Dincă, M.; Long, J.R. J. Am. Chem. Soc. 2008, 130, 7848–7850. 

13. Herm, Z.R.; Wiers, B.M.; Mason, J.A.; van Baten, J.M.; Hudson, M.R.; Zajdel, P.; Brown, C.M.; 

Masciocchi, N.; Krishna, R.; Long, J.R. Science 2013, 340, 960–964. 

14. Ichikawa, H.; Nishioka, M.; Arimoto, M.; Usami, Y. Heterocycles 2010, 81, 1509–1516. 



  

15. Padial, N.M.; Quartapelle Procopio, E.; Montoro, C.; López, E.; Oltra, J.E.; Colombo, V.; Maspero, 

A.; Masciocchi, N.; Galli, S.; Senkovska, I.; Kaskel, S.; Barea, E.; Navarro, J.A.R. Angew. Chem. 

Int. Ed. 2013, 52, 8290–8294. 

16. Gao, W.-Y.; Cai, R.; Pham, T.; Forrest, K. A.; Hogan, A.; Nugent, P.; Williams, K.; Wojtas, L.; 

Luebke, R.; Weseliński, Ł.J.; Zaworotko, M.J.; Space, B.; Chen, Y.-S.; Eddaoudi, M.; Shi, X.; Ma, 

S. Chem. Mater. 2015, 27, 2144–2151. 

17. Anderson, E.D.; Boger, D.L. J. Am. Chem. Soc. 2011, 133, 12285–12292. 

18. Wan, J.; Zheng, C.-J.; Fung, M.-K.; Liu, X.-K.; Lee, C.-S.; Zhang, X.-H. J. Mater. Chem. 2012, 22, 

4502–4510. 

19. Mullens, P.R. Tetrahedron Lett. 2009, 50, 6783–6786. 

20. Wong, K.-T.; Chien, Y.-Y.; Liao, Y.-L.; Lin, C.-C.; Chou, M.-Y.; Leung, M. J. Org. Chem. 2002, 67, 

1041–1044. 

21. Chae, H.K.; Siberio-Pérez, D.Y.; Kim, J.; Go, Y.; Eddaoudi, M.; Matzger, A.J.; O’Keeffe, M.; 

Yaghi, O.M. Nature 2004, 427, 523–527. 

22. Koh, K.; Wong-Foy, A.G.; Matzger, A.J. Angew. Chem. Int. Ed. 2008, 47, 677–680. 

23. Czaja, A.U.; Trukhan, N.; Müller, U. Chem. Soc. Rev. 2009, 38, 1284–1293.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

Graphical abstract 

 

 

 

 

 

 


