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Synthesis of perfluorobiphenyl tetracarboxylic acids
via the CuCl,-assisted homocoupling of organozinc reagents
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New organozinc reagents were obtained from ethyl esters of
tetrafluorophenylene dicarboxylic acids in the reaction with
Zn and SnCl, in DMF. Tetraethyl perfluorobiphenyl tetra-
carboxylates were synthesized from these organozinc
reagents under the action of CuCl, and then were hydrolyzed
into perfluorobiphenyl tetracarboxylic acids.
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Biphenyl tetracarboxylic acids find applications in coordination
chemistry, materials science, and environmental studies. These
tetraacids facilitate the formation of metal-organic frameworks
designed for applications in selective adsorption.' Moreover,
they are utilized for the preparation of various coordination
polymers for the use as luminescent sensors.®!! The introduction
of fluorine atoms into organic molecules significantly alters their
physical and chemical properties due to the unique characteristics
of fluorine atom such as its high electronegativity, small atomic
size, and the strength of the carbon—fluorine bond.!>~1¢

Earlier, we have developed a method for preparing perfluoro-
aromatic organozinc compounds and demonstrated their utility
in a range of reactions for the synthesis of polyfluoroarenes with
various functional groups.'7-20 For example, using an organozinc
compound obtained from ethyl pentafluorobenzoate, we
synthesized octafluorobiphenyl-4,4-dicarboxylic acid,?"?> and
from this acid coordination polymers with different architectures
were constructed.?>?3

To the best of our knowledge, there is little information
regarding polyfluorinated biphenyl tetracarboxylic acids, the
only example being the patented?* synthesis of 2,2',5,5,6,6'-
hexafluorobiphenyl-3,3',4,4'-tetracarboxylic acid. The claimed
overall yield from the starting perfluoroarene was rather modest.

In this communication, we report on the reaction of diethyl
esters of tetrafluorophenylene dicarboxylic acids with zinc
metal to obtain polyfluoroaromatic organozinc reagents for
the synthesis of perfluorobiphenyl tetracarboxylic acids. To
assess the reactivity of tetrafluorophenylene dicarboxylates
toward organozinc compound we began with the reaction of
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Scheme 1 Reagents and conditions: i, Zn, DMF, SnCl, (see Table 1);
ii, 2 M HCI, room temperature.
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diethyl 3.4,5,6-tetrafluorophthalate 1 (Scheme 1). Compound 1
did not react with Zn powder in DMF neither at room temperature
nor under heating at 70 °C. We have previously!” found that
the addition of catalytic amounts of SnCl, facilitated the organo-
zinc compound formation from perfluoroarenes. Using this
approach, we carried out the reaction of diester 1 with Zn in
DMF in the presence of SnCl, (10 mol%) at room temperature
that resulted in [3,4-bis(ethoxycarbonyl)-2,5,6-trifluorophenyl]-
zinc chloride 2a and bis[3,4-bis(ethoxycarbonyl)-2,5,6-
trifluorophenyl]zinc 2b. The reaction was accompanied by the
formation of minor quantities of diethyl 3.4,6-trifluoro-
phthalate 3, a product of the organozinc reagent quenching due
to the presence of residual moisture. The conversion of starting
compound 1 was almost complete after heating at 70 °C for 6 h
(Table 1). When the solution of organozinc species 2a,b in DMF
was quenched with 2 M HCI, compound 3 was produced in high
yield (see Scheme 1).

Exposure of the solution of 2a,b in DMF to CuCl, resulted
in tetraethyl 2,2',5,5',6,6'-hexafluorobiphenyl-3,3',4,4'-tetra-
carboxylate 4, which then was hydrolyzed by heating with a
mixture of sulfuric and acetic acids to produce the corresponding
tetraacid 5 (Scheme 2).

Diethyl 2,3,5,6-tetrafluoroterephthalate 6, in contrast to its
isomer 1, did not react with Zn under the conditions mentioned
above (Scheme 3). We managed to obtain the required biaryl
tetraester 7, albeit in a low (7%) yield, only by severe heating
(130 °C) compound 6 with Zn in DMF with catalytic amounts of
SnCl, followed by treatment with CuCl, (the obtained crude
reaction mixture contained much resinous material). When
purified tetraester 7 was subjected to acidic hydrolysis, the
corresponding tetraacid 8 was quantitatively obtained (see
Scheme 3).

Table 1 Optimization of reaction of compound 1 with Zn.

Entry SnCl, (mol%) T/°C t/h 2/3/1 ratio”

1 - 25 15 0 : 0:100

2 - 70 8 0 : 0:100

3 10 25 15 94 : 4:2
10 70 6 96.5:35: 0

@ Determined by 'F NMR spectroscopy.
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Scheme 2 Reagents and conditions: i, CuCl,, room temperature; ii, H,O,
H,SO,, AcOH, 130 °C, 15 h.
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Scheme 3 Reagents and conditions: i, Zn, SnCl, (10 mol%), DMF, 130 °C,
24 h, then CuCl,; ii, H,SO,4, H,0, AcOH, 130 °C, 15 h.

Diethyl 2,4,5,6-tetrafluoroisophthalate 9 upon stirring with
Zn and SnCl, in DMF at room temperature was completely
transformed into organozinc species 10a,b (Scheme 4), the
minor by-product being diethyl 2,4,5-trifluoroisophthalate 11.
Exposure of the solution of 10a,b in DMF to CuCl, resulted
in tetraethyl 3,3',5,5',6,6’-hexafluorobiphenyl-2,2',4,4'-tetra-
carboxylate 12 (Scheme 4). It should be noted that diester 9 was
available to us as a mixture with its isomer 6, the diesters having
been obtained from a mixture of perfluoro m- and p-xylenes in the
2.6: 1 ratio. Isomer 6 was not involved in the reaction with Zn at
room temperature nor did it undergo any further transformations;
so product 12 was easily separated from 6 by column chromato-
graphy. Compound 12 was then successfully hydrolyzed in
acidic medium to the target tetracarboxylic acid 13.

We should note that the regioselectivity of organozinc
compound formation in the cases of compounds 1 and 9, as well
as the low reactivity of para-isomer 6, is in conformity with the
patterns observed previously on reactions of perfluoroarenes
with Zn.!7-19

In conclusion, diethyl tetrafluorophenylene dicarboxylates
were converted into organozinc compounds by the reaction with
Zn in DMF in the presence of catalytic amounts of SnCl,.
Tetrafluoro- (iso)phthalates reacted smoothly, while the reaction
of isomeric terephthalate derivative required extensive heating.
Using a two-step sequence that involved a homocoupling of the
organozincs with CuCl, followed by acidic hydrolysis of the
resulting  tetraethyl  perfluorobiphenyl tetracarboxylates,
perfluorobiphenyl tetra-carboxylic acids were synthesized.
These perfluorobiphenyl tetracarboxylic acids can be utilized as
ligands for the preparation of new metal-organic frameworks.
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Scheme 4 Reagents and conditions: i, Zn, SnCl, (10 mol%), DMF, room
temperature, 15 h; ii, CuCly; iii, H,O, H,SO,4, AcOH, 130 °C, 15 h.

This work was supported by the Russian Science Foundation
(grant no. 23-23-00547). The authors are grateful to the Multi-
Access Chemical Research Center of SB RAS for spectral and
analytical measurements.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.71267/mencom.7682.

References

1 J.Jia,M. Shao, T.Jia, S. Zhu,Y. Zhao, F. Xing and M. Li, CrystEngComm,
2010, 12, 1548; https://doi.org/10.1039/B916984A.

2 W. Wei, S. Chen, Q. Wei, G. Xie, Q. Yang and S. Gao, Microporous
Mesoporous Mater., 2012, 156, 202; https://doi.org/10.1016/
j-micromeso0.2012.02.042.

3 S. Hyun, J. H. Lee, G. Y. Jung, Y. K. Kim, T. K. Kim, S. Jeoung,
S. K. Kwak, D. Moon and H. R. Moon, Inorg. Chem., 2016, 55, 1920;
https://doi.org/10.1021/acs.inorgchem.5b02874.

4 S.Jeoung, S.Lee, J. H. Lee, S. Lee, W. Choe, D. Moon and H. R. Moon,
Chem. Commun., 2019, 55, 8832; https://doi.org/10.1039/C9CC02819F.

5 Y. Liu, Y. Wang, W.-Z. Li, A.-A. Yang, X.-S. Zhang, H.-Z. Liu and
Z.-G. Wang, J. Solid State Chem., 2021, 304, 122589; https://doi.org/
10.1016/j.jssc.2021.122589.

6 H. Wang, W. Yang and Z.-M. Sun, Chem. — Asian J., 2013, 8, 982;
https://doi.org/10.1002/asia.201201184.

7 W. Wang, J. Yang, R. Wang, L. Zhang, J. Yu and D. Sun, Cryst. Growth
Des., 2015, 15, 2589; https://doi.org/10.1021/acs.cgd.5b00381.

8 L. Ma, Y. Liu and F. Su, J. Solid State Chem., 2019, 269, 65;
https://doi.org/10.1016/j.jssc.2018.09.002.

9 Z.-L. Li, Z.-H. Zhao, S.-Y. Fan, R. Feng, Y.-H. Yu and F.-H. Zhao,
Inorg. Chim. Acta, 2021, 518, 120242; https://doi.org/10.1016/j.ica.
2020.120242.

10 Y. Liu, Y. Wang, X.-S. Zhang, Y.-S. Sheng, W.-Z. Li, A.-A. Yang,
J. Luan, H.-Z. Liu and Z.-G. Wang, Dalton Trans., 2021, 50, 15176,
https://doi.org/10.1039/D1DT02260A.

11 Y. Wang,Y. Liu, X.-S. Zhang, J. Luan, A.-A. Yang and W.-Z. Li, J. Solid
State  Chem., 2022, 315, 123516; https://doi.org/10.1016/].jssc.
2022.123516.

12 D. O’Hagan, Chem. Soc. Rev., 2008, 37, 308; https://doi.org/10.1039/
B711844A.

13 J. Calvo-Castro, G. Morris, A. R. Kennedy and C. J. McHugh, Cryst.
Growth Des., 2016, 16, 2371; https://doi.org/10.1021/acs.cgd.6b00157.

14 M. Morita, S. Yamada and T. Konno, Molecules, 2021, 26, 2274,
https://doi.org/10.3390/molecules26082274.

15 J.Li, M. Chen and Y. Wang, J. Appl. Polym. Sci., 2022, 139, ¢5213215;
https://doi.org/10.1002/app.52132.

16 M. Chatenet, S. Berthon-Fabry, Y. Ahmad, K. Guérin, M. Colin,
H. Farhat, L. Frezet, G. Zhang and M. Dubois, Adv. Energy Mater.,
2023, 13, 2204304; https://doi.org/10.1002/aenm.202204304.

17 A. O. Miller, V. I. Krasnov, D. Peters, V. E. Platonov and R. Miethchen,
Tetrahedron Lett., 2000, 41, 3817; https://doi.org/10.1016/S0040-
4039(00)00527-X.

18 A. S. Vinogradov, V. I. Krasnov and V. E. Platonov, Mendeleev
Commun.,2008,18,227;https://doi.org/10.1016/j.mencom.2008.07.022.

19 A. S. Vinogradov and V. E. Platonov, Russ. J. Gen. Chem., 2020, 90,
2264; https://doi.org/10.1134/S1070363220120087.

20 A.S.Vinogradov and V. E. Platonov, Russ. Chem. Bull., 2023, 72, 2439;
https://doi.org/10.1007/s11172-023-4045-1.

21 S. V. Larionov, L. I. Myachina, L. A. Sheludyakova, 1. V. Korolkov,
M. I. Rakhmanova, P. E. Plyusnin, A. S. Vinogradov, V. M. Karpov,
V. E. Platonov and V. P. Fadeeva, Russ. J. Gen. Chem., 2015, 85, 1617,
https://doi.org/10.1134/S1070363215070075.

22 A. M. Cheplakova, K. A. Kovalenko, D. G. Samsonenko,
A. S. Vinogradov, V. M. Karpov, V. E. Platonov and V. P. Fedin,
CrystEngComm, 2019, 21, 2524; https://doi.org/10.1039/COCE00073A.

23 A. M. Cheplakova, K. A. Kovalenko, D. G. Samsonenko,
V. A. Lazarenko, V. N. Khrustalev, A. S. Vinogradov, V. M. Karpov,
V. E. Platonov and V. P. Fedin, Dalton Trans., 2018, 47, 3283;
https://doi.org/10.1039/C7DT04566B.

24 D. G. Holland, A. Pa and C. Tamborski, Patent US 3440277A,
1969; https://patentimages.storage.googleapis.com/f8/f3/1e/
d637b31¢20e119/US3440277.pdf.

Received: 14th November 2024; Com. 24/7682

- 265 -



