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Furanyl Bis(indolyl)methane as a Palladium Ion-Selective 
Chromogenic Agent 
Kazuho Ban,a Shiho Nozaki,a Takaaki Aijima,a Shuki Oyama,a Hirofumi Tsujino,a Yusuke 
Kanematsu,b Shuji Akaia and Yoshinari Sawama*a  

The colorless solution of furan-2-yl bis(indolyl)methanes (BIMs) 
were newly reveled to work as palladium (Pd2+) ion-selective 
chromogenic agent to turn orange. 5-(N-methyl-N-phenyl-
aminomethyl)-furan-2-yl BIM could be synthesized from 5-
chloromethylfurfural as a biorenewable feedstock via one pot and 
double functionalizations, and a mixture of its solution and Pd2+ ion 
indicated the highest absorbance at 465 nm in UV-Vis analysis. On 
the other hand, other metal ions (Cu2+, Cr2+, Cr3+, Fe2+, Fe3+, Ni2+, Zn2+, 
In2+, Pt2+, or Ce3+) possessed no response.  

 Divalent palladium salts (PdCl2 etc.) are widely utilized as 
catalysts, precursors, or precatalysts for organic reactions, such 
as cross-coupling reactions,1 C-H activation,2 deuterations,3 and 
so on.4 However, the Pd residues in the products may be 
problematic because of their biotoxicity.5 Although Pd residues 
can be detected using atomic absorption spectroscopy,6 total 
reflection X-ray fluorescence,7 HPLC,8 capillary zone 
electrophoresis,9 and inductively coupled plasma mass 
spectrometry10, specific analytical devices and cumbersome 
pretreatments are usually required. Therefore, the chromogenic 
(visualizing) agents that can detect palladium (Pd2+) ions via 
changes visible by the naked eye have attracted attention as 
convenient materials.11  
 Bis(indolyl)methanes (BIMs) are the fundamental 
backbones that function as colorimetric anion-selective 
sensors,12 bioactive compounds,13 heterogeneous catalysts,14 
and other materials.15 As a chromogenic agent, phenyl BIM 
solution has been reported to possess Cu2+ ion-selective 
property, while Li+, Na+, K+, Mg2+, Ca2+, Ni2+, Zn2+, Cd2+, Hg2+, Pb2+, 
Sm3+, Eu3+, Yb3+, and Lu3+ ions were insensitive to the solution 

(Figure 1A; Pd2+ ion was not tested).16 Additionally, Hg2+ ion was 
selectively responsive when using 5-(4-methoxyphenyl)-furan-
2-yl BIM solution and no response toward Ca2+, Cr3+, Fe2+, Fe3+, 
Co2+, Ni2+, Cu2+, Zn2+, Cd2+, and Pd2+ ions was observed.17 Herein, 
we demonstrate that the colorless solution of 5-(N-methyl-N-
phenyl-aminomethyl)-furan-2-yl BIM (4a) can function as a Pd2+ 
ion-selective chromogenic agent, turning orange (Figure 1B). 4a 
was easily synthesized from 5-chloromethylfurfural (1; 5-CMF) as 
a biorenewable feedstock by acid-catalyzed nucleophilic addition 
of indole (2a) to the formyl group on 1 and the subsequent 
nucleophilic substitution of N-methylaniline (3a) with the 
chloromethyl group on 1 in a one-pot manner. 
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Figure 1. Aryl bis(indolyl)methanes as metal ion-selective 
chromogenic agents 
 

 In organic chemistry, recently, the development of 
functional materials using biorenewable feedstocks are 
spotlighted.18 5-CMF (1), industrially prepared from cellulose, 
glucose, fructose etc., are recognized as useful and natural 
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resources to synthesize raw materials for polymers, bioactive 
compounds and so on.19 However, the reactive control toward 
the nucleophiles would be difficult, because 1 possesses two 
electrophilic moieties; formyl and chloromethyl groups. To 
evaluate this novel chromogenic agent, 5-amine unit-
substituted furan-2-yl BIM derivatives that coordinate with 
metal ions were designed. The reaction of 1 with N-methyl 
indole (2b; 2 equiv.) to the BIM skeleton (5) were examined 
(Figure 2A; Table 1). FeCl3-catalyzed nucleophilic addition of 2b 
to formyl group on 1 proceeded at -20 °C to yield 66% NMR yield 
of 5 (entry 2; 5 could not be isolated probably due to instability 
of chloromethyl group), while the reaction occurring at 0 °C led 
complex mixture owing to no selectivity between formyl or 
chloromethyl group as nucleophilic positions (entry 1). A 
decrease in the reaction temperature to -40 °C slightly 
improved the yield of 5 to 71% (entry 3). During the nucleophilic 
addition of the two indoles to the formyl group of 1, H2O was 
generated via the formation of iminium intermediate B20 (Figure 
2B). A concerted reaction mechanism via SN2-type’s direct 
nucleophilic substitution of A with 2b is also considerable. This 
generation of H2O causes the hydrolysis of the chloromethyl 
group, decreasing the yield of 5. Therefore, the addition of 
molecular sieves to capture H2O improved reaction efficiency, 
affording 5 in 83% yield (Table 1, entry 4; The results using other 
drying reagents were described in Table S3). 5, generated in 
entry 4, underwent further nucleophilic addition of N-methyl 
aniline (3a) to afford 5-(N-methyl-N-phenyl-aminomethyl)-furan-2-
yl bis(N-methylindolyl) methane (4b) in 80% yield in a one-pot 
manner (Figure 2C). 
 

 
Figure 2. Transformation of 1. 

 
 As mentioned later (Figure 5), 4b, derived from N-methyl 
indole (2b), could not be used as a Pd2+ ion sensor, and N-free 
indole (2a) have to be introduced into the furan-2-yl BIM 
skeleton. Although 2b was the first nucleophile to afford 4b in 
high yield in the presence of FeCl3 (Table 2, entry 1 (Figure 1A 
and 1C)), the reactions using 2a did not proceed smoothly to 
afford 4 in low yields (entries 2-5). However, the corresponding 
5-amine unit-substituted furan-2-yl BIM derivatives (4a, 4c-4e) 
were obtained from 3a, N-methyl-4-methoxyaniline (3b), N-
methyl-4-cyanoaniline (3c), and pyrrolidine (3d) to evaluate the 
chromogenic properties (4c-4e possessed the least 
chromogenic properties, see Figure S4). The yield of 4a could be 
improved by using montmorillonite K10 instead of FeCl3 as the 
acidic catalyst (the screening results are shown in Table S1 and 
S2). The use of other nucleophiles (NaOMe or aniline) for the 
second step gave no desired products.  As comparative control 
compounds to evaluate the chromogenic properties, furan-2-yl 
bis(indolyl)methane (6a), 5-hydroxymethyl-furan-2-yl 
bis(indolyl)methane (6b), phenyl bis(indolyl)methane (6c), 1,1-
bis(indolyl)hexane (6d), and diindolylmethane (6e), shown in 
Figure 4, were respectively prepared by the reported methods 
(See ESI). 
 
Table 2. Substrate scope 
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amontmorillonite K10 (10 mg) was used instead of FeCl3 as acid catalyst. 
 
 The chromogenic property of 4a in MeCN/H2O (7:3) solution 
was evaluated by the addition of a solution of various metal 
salts (PdCl2, CuCl2, CrCl2, CrCl3, FeCl2, FeCl3, NiCl2, ZnCl2, InCl2, 
PtCl2, or CeCl3) at the ratio of 1/4 for 4a/metal ion. After 1 h, a 
significant color change was observed by the naked eye when 
mixing 4a and PdCl2 (Figure 3A). The colorless solution of 4a 
turned orange. UV-Vis analysis also observed an absorbance peak 
at 465 nm only for PdCl2 [Figure 3B; The UV-Vis absorption using 
a lower concentration of Pd2+ ion solution with 4a was also 
investigated (Figure S3)]. 
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Figure 3. Chromogenic property of 4a toward various metal ion. 
 
 The substituent effects on BIMs were further evaluated by 
mixing the solution of 4a or 6a-6e with PdCl2. Color changes 
were visually observed when using compounds 4a, 6a, and 6c, 
while 6b, 6d, and 6e were ineffective in exhibiting visual color 
change (Figure 4A). These results indicate that aromatic 
moieties substituted into the BIM skeleton are important for 
chromogenic properties, similar to the reported compounds 
shown in Figure 1A. In the case of 6b, the free hydroxy group 
may strongly coordinate with the Pd2+ ion to inhibit the 
chromogenic property of the BIM skeleton. UV-Vis analysis 
clearly indicated a difference in color contrast upon the addition 
of each compound (Figure 4B). The absorbance intensity of 4a 
was the highest, and the intensity decreased in the order 4a 
(465 nm) > 6a (472 nm) > 6c (470 nm) > 6b, 6d, and 6e. The 
furanyl group was important for increasing the chromogenic 
properties, and 5-(N-methyl-N-phenyl-aminomethyl) group of 4a 
slightly enhanced the intensity compared to that of 6a (6a also has 
Pd2+ ion selectivity, see Figure S4). The absorption maxima of 4a, 
6a and 6c shown in Figure 4b are identical, which assumes that 
similar types of complexes were formed. However, the reason 
for the enhancement by 5-(N-methyl-N-phenyl-aminomethyl furan-
2yl group is unclear at this stage, and elucidation using time-
dependent density functional theory calculations is currently 
underway. 
 

 
Figure 4. Substituent effects on BIMs 
 
 The N-free indole moiety of 4a was essential for its 
chromogenic properties (Figure 3). By contrast, the N-methyl 
compound 4b exhibited chromogenic properties toward Cu2+ 
ions by turning pale red (Figure 5). UV-Vis analysis when mixing 
PdCl2, CuCl2, CrCl2, CrCl3, FeCl2, FeCl3, NiCl2, ZnCl2, InCl2, PtCl2, or 
CeCl3 is shown in Figure S6. 
 

 
Figure 5. Chromogenic property of 4b 

Conclusions 
 We developed 5-(N-methyl-N-phenyl-aminomethyl)-furan-2-yl 
BIM 4a as a novel chromogenic agent for Pd2+ ion. 4a was easily 
synthesized from 5-CMF as a biorenewable feedstock. Furan-2-
yl moiety was important for observing the color change upon 
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mixing with the Pd2+ ion solution. This novel phenomenon is 
expected to contribute to Pd residue detection in the future.  

Acknowledgements 
 This study was partially supported by JSPS KAKENHI Grant 
Number JP23KJ1515 (for K.B.), JST SPRING Grant Number 
JPMJSP2138 (for K.B.), Life Science and Drug Discovery (Basis for 
Supporting Innovative Drug Discovery and Life Science Research 
(BINDS)) from AMED under Grant Number 23ama121054 (for 
Y.S.). We appreciate Hayato Iwamichi, Mayu Takai, Rinka 
Tsutsumi in Osaka University for the fruitful discussions. 

Conflicts of interest 
There are no conflicts to declare.  

Author Contributions 
K.B., S.N., T.A. S.O. and S.A. contributed to organic synthesis. H.T. 
analyzed UV-Vis. Y.K. contributed to compound design. Y.S. directed 
the project. K.B. and Y.S. wrote the manuscript.  

Notes and references 
1 Recent reviews of Pd catalyzed coupling reaction; (a) N. 

Kambe, T. Iwasaki and J. Terao, Chem. Soc. Rev., 2011, 40, 
4937–4947; (b) P. Devendar, R. Y. Qu, W. M. Kang, B. He and 
G. F. Yang, J. Agric. Food Chem, 2018, 66, 8914–8934; (c) C. 
Zhu, J. Liu, M. B. Li and J. E. Bäckvall, Chem. Soc. Rev., 2020, 
49, 341–353; (d) M. C. D’Alterio, È. Casals-Cruañas, N. v. 
Tzouras, G. Talarico, S. P. Nolan and A. Poater, Chem. Eur. J., 
2021, 27, 13481–13493.  

2 Recent reviews of Pd catalyzed C-H activation; (a) Q. Zhao, G. 
Meng, S. P. Nolan and M. Szostak, Chem. Rev., 2020, 120, 
1981–2048; (b) J. Li, S. Yang, W. Wu and H. Jiang, Org. Chem. 
Front., 2020, 7, 1395–1417; (c) T. Bhattacharya, A. Ghosh 
and D. Maiti, Chem. Sci., 2021, 12, 3857–3817. 

3 Recent reviews of Pd catalyzed deuteration; (a) G. Prakash, N. 
Paul, G. A. Oliver, D. B. Werz and D. Maiti, Chem. Soc. Rev., 
2022, 51, 3123–3163; (b) Y. Guo, Z. Zhuang, Y. Liu, X. Yang, C. 
Tan, X. Zhao and J. Tan, Coord. Chem. Rev., 2022, 463, 214525. 

4 Recent reviews of Pd catalyzed various reactions; (a) X. Sun, X. 
Dong, H. Liu and Y. Liu, Adv. Synth. Catal., 2021, 363, 1527–
1558; (b) O. Pàmies, J. Margalef, S. Cañellas, J. James, E. Judge, 
P. J. Guiry, C. Moberg, J. E. Bäckvall, A. Pfaltz, M. A. Pericàs 
and M. Diéguez, Chem. Rev., 2021, 121, 4373–4505. 

5 Reviews of biotoxicity of Pd; (a) J. Kielhorn, C. Melber, D. Keller 
and I. Mangelsdorf, Int. J. Hyg. Environ. Health, 2002, 205, 
417–432; (b) C. L. S. Wiseman and F. Zereini, Sci. Total Environ., 
2009, 407, 2493–2500. 

6 M. Shamsipur, M. Ramezani and M. Sadeghi, Microchim. Acta, 
2009, 166, 235–242. 

7 J. Messerschmidt, A. von Bohlen, F. Alt and R. 
Klockenkämper, Analyst, 2000, 125, 397–399. 

8 D. S. Risley, R. Chaddha and D. Mitchell, J. Liq. Chromatogr. 
Relat. Technol., 2017, 40, 770–774. 

9 H.-W. Zhang, L. Jia and Z.-D. Hu, J. Chromatogr. A, 1995, 704, 
242–248. 

10 W.-H. Hsu, S.-J. Jiang and A. C. Sahayam, Anal. Chim. Acta, 
2013, 794, 15–19. 

11 (a) S. Mukherjee, S. Chowdhury, A. P. Chattopadhyay and H. 
Stoeckli-Evans, Polyhedron, 2010, 29, 1182–1188; (b) H. Li, J. 

Fan and X. Peng, Chem. Soc. Rev., 2013, 42, 7943–7962; (c) M. 
Wang, X. Liu, H. Lu, H. Wang and Z. Qin, ACS Appl. Mater. 
Interfaces, 2015, 7, 1284–1289; (d) N. Pourreza and R. 
Abdollahzadeh, Talanta, 2019, 196, 211–216. 

12 Examples of anion selective sensors; (a) X. He, S. Hu, K. Liu, Y. 
Guo, J. Xu and S. Shao, Org. Lett., 2006, 8, 333–336; (b) D. Sain. 
Kumari, A. Kumar and S. Dey, Sens. Actuators B Chem, 2015, 
221, 849–856; (c) L. Wang, X. He, Y. Guo, J. Xu and S. Shao, 
Lett. Org. Chem., 2011, 8, 60–65; (d) D. Sain, C. Kumari, A. 
Kumar and S. Dey, Supramolecular Chem., 2015, 1092534; (e) 
R. Pegu, R. Mandal, A. K. Guha and S. Pratihar, New J. Chem., 
2015, 39, 5984–5990.  

13 Examples of bioactive compounds; (a) P. J. Praveen, P. S. 
Parameswaran and M. S. Majik, Synthesis, 2015, 47, 1827–
1837; (b) S. M. Mandal, R. Pegu, W. F. Porto, O. L. Franco and 
S. Pratihar, Bioorg. Med. Chem. Lett. 2017, 27, 2135–2138; (c) 
S. Sathiyaraj, A. Shanavas, K. A. Kumar, A. Sathiyaseelan, J. 
Senthilselvan, P. T. Kalaichelvan and A. S. Nasar, Eur. Polymer 
J. 2017, 95, 216–231; (d) G. D. Kotkar, M. J. Clement, A. S. Tilve, 
R. N. Shirsat, V. S. Nadkarni, S. C. Ghadi and S. G. Tilve, J. Mol. 
Struct., 2022, 1254, 132370. 

14 M. Gholinejad, A. Neshat, F. Zareh, C. Nájera, M. Razeghi and 
A. Khoshnood, Appl. Cata., A Gen., 2016, 525, 31–40.  

15 (a) E. Oliveira, R. M. F. Baptista, S. P. G. Costa, M. M. M. 
Raposo and C. Lodeiro, Photochem. Photobiol. Sci. 2014, 13, 
492–498; (b) M. Ghaedi, K. Niknam, K. Taheri, H. Hossainian 
and M. Soylak, Food Chem. Toxicol., 2010, 48, 891–897; (c) N. 
Dey, ACS Appl. Bio Mater., 2021, 4, 6893–6902. 

16 R. Martínez, A. Espinosa, A. Tárraga and P. Molina, 
Tetrahedron, 2008, 64, 2184–2191. 

17 R. M. F. Batista, S. P. G. Costa, R. M. P. Silva, N. E. M. Lima and 
M. M. M. Raposo, Dyes Pigm., 2014, 102, 293–300. 

18 (a) R. Beerthuis, G. Rothenberg and N. R. Shiju, Green Chem., 
2015, 17, 1341–1361; (b) E. Ahmad, Md. I. Alam, K. K. Pant and 
M. A. Haider, Green Chem., 2016, 18, 4804–4823; (c) J. D. 
Tibbetts, S. D. Bull, Adv. Sustainable Syst., 2021, 5, 2000292; 
(d) C. Espro, E. Paone, F. Mauriello, R. Gotti, E. Uliassi, M. L. 
Bolognesi, D. Rodríguez-Padrón, R. Luque, Chem. Soc. Rev. 
2021, 50, 11191–11207; (e) R. A. Sheldon, Green Chem., 2023, 
25, 1704–1728. 

19 Recent articles of 5-CMF; (a) M. Mascal, S. Dutta, Green Chem. 
2011, 13, 40–41; (b) M. Mascal, S. Dutta, Green Chem. 2011, 
13, 3101–3102; (c) F. Chang, S. Dutta, J. J. Becnel, A. S. Estep, 
M. Mascal, J. Agric. Food Chem. 2014, 62, 476–480; (d) M. 
Mascal, ChemSusChem 2015, 8, 3391–3395; (e) M. Mascal, 
ACS Sustainable Chem. Eng., 2019, 7, 5588–5601; (f) N. S. Bhat, 
S. L. Hegde, S. Dutta and P. Sudarsanam, ACS Sustainable 
Chem. Eng., 2021, 10, 5803–5809. 

20  (a) M. Hosseini-Sarvari, Synth. Commun., 2008, 38, 832–840. 
(b) H. Banari, H. Kiyani, A. Pourali, Res. Chem. Intermed., 2017, 
43, 1635–1649; (c) K. Ban, Y. Yamamoto, H. Sajiki, Y. Sawama, 
Org. Biomol. Chem., 2020, 18, 3898–3902; (d) S. Rinkam, W. 
Senapak, S. Watchasit, R. Saeeng, U. Sirion, Synlett, 2022, 33, 
1383–1390. 
 
 

 
 


