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X-Ray Crystallography as a Powerful Tool for

Structure Determination

1. Taguchi,  J.; Fukaya, S.; Fujino, H.; Inoue, M. J. Am. Chem. Soc. 2024, 146, 34221.
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Observing Substances in Atom Scale 

1. https://www.xtal.iqf.csic.es/Cristalografia/cascara-en.html

https://www.xtal.iqf.csic.es/Cristalografia/cascara-en.html
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What is X-Ray?

https://www.chem-station.com/blog/2020/06/xray1.html

Electric field

(+)

(-)

(-)

(+)

Magnetic field

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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X-Ray Generation

1. https://www.chem-station.com/blog/2020/06/xray1.html

https://www.chem-station.com/blog/2020/06/xray1.html
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Interaction between X-ray and Substance

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Wave Interaction

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Phase Difference can be Expressed as

Simple Formula

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Relationship between Wave and Electron Density

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Mechanism of X-Ray Diffraction (1)

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Mechanism of X-Ray Diffraction (2)

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Bragg’s law

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Introduction of Reciprocal Lattice

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
2. https://www.physics.upenn.edu/~heiney/datasqueeze/basics.html

https://www.physics.upenn.edu/~heiney/datasqueeze/basics.html
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Phase Problem in X-ray Analysis

1. X線解析入門 第3版 角戸正夫・笹田義夫著 東京化学同人
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Limitation of X-ray Crystallography

1. Spingler, B.; Schnidrig, S.; Todorova, T.; Wild, F. CrystEngComm, 2012, 14, 751.
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1. Introduction

2. Strategy for Crystal Analysis
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Micro ED

1. Jones, C. G.; Martynowycz, M. W.; Hattne, J.; Fulton, T. J.; Stoltz, B. M.; Rodriguez, J. A.; Nelson, H. M.; 

Gonen, T. ACS Cent. Sci. 2018, 4, 1587.

2. Shi, D.; Nannenga, B. L.; Iadanza, M. G.; Gonen, T. eLife, 2013, 2, e01345.

See also 240420_LS_Manaka_Matsumoto  
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Crystalline Sponge: Background

1. Miyoshi, T.; Iwamoto, T.; Sasaki, Y. Inorg. Chim. Acta. 1972, 6, 59.

2. Hoskins, B. F.; Robson, R. J. Am. Chem. Soc. 1990, 112, 1546.



201. Biradha, K.; Fujita, M. Angew. Chem. Int. Ed. 2002, 41, 3392.

MOF with Flexibility and Robstness (1)
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MOF with Flexibility and Robstness (2)

1. Zigon, N.; Duplan, V.; Wada, N.; Fujita, M. Angew. Chem. Int. Ed. 2021, 60, 25204.

2. Biradha, K.; Fujita, M. Angew. Chem. Int. Ed. 2002, 41, 3392.

3. Ohmori, O.; Kawano, M.; Fujita, M. J. Am. Chem. Soc. 2004, 126, 16292.
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Crystalline Sponge

1. Inokuma, Y.; Yoshida, S.; Ariyoshi, J.; Arai, T.; Hitora, Y.; Takada, K.; Matsunaga, S.; Rissanen, K.; Fujita, M. 

Nature, 2013, 495, 461.

2. Zigon, N.; Duplan, V.; Wada, N.; Fujita, M. Angew. Chem. Int. Ed. 2021, 60, 25204.
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Crystalline Sponge: Recent Progress

1. Wada, Y.; Usov, P. M.; Mukaida, M.; Ohmori, K.; Ando, Y.; Fuwa, H.; Ohtsu, H.; Kawano, M. Nat. Comm. 2024, 

15, 81.
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Prof. Antonio M. Echarvarren

1. https://iciq.org/research-group/prof-antonio-m-echavarren/profile/

Prof. Antonio M. Echarvarren

Career:

1982:

1982-1984:

1984-1986: 

1986-1988: 

1988-1992:

1992-2009:

        2004-:

        2004-:

Ph. D. @The Universidad Autónoma de Madrid

(Prof. F. Fariña) 

Postdoctoral Fellow @Boston College

(Prof. T. R. Kelly)

Assistant professor

@The Universidad Autónoma de Madrid

NATO-fellow @The Colorado State University

(Prof. J. K. Stille)

Institute of Organic Chemistry of Spanish National

Council (CSIC) researcher

Professor @The Universidad Autónoma de Madrid

Research Professor @CSIC

Group Leader @Institute of Chemical Research of 

Catalonia (ICIQ)

Research Interest:

C-H activation, Total synthesis (Au catalyzed)

https://iciq.org/research-group/prof-antonio-m-echavarren/profile/
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Structure Modification for Better Crystallinity

1. Song, L.; Zhu, G.; Liu, Y.; Liu,  B.; Qin, S. J. Am. Chem. Soc. 2015, 137, 13706.

2. Qin, X.-Q.;  Wu, Q.-L.; Han, F.-S. Org. Lett. 2021, 21, 8570.



26

Prior Work Using Ferrocene Carboxylic Acid

1. Hoffman, K.; Rieβelmann, B.; Wenzel, M. Liebigs Ann. Chem. 1980, 1980, 1181.

2. Shibata, T.; Arai, Y.; Takami, K.; Tsuchikama, K.; Fujimoto, T.; Takebayashi, S.; Takagi, K.; Adv. Synth. Catal. 

2006, 348, 2475.
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Proof of Concept

1. Holstein, P, M.; Holstein, J. J.; Escudero-Adan, E. C.; Baudoin, O.; Echavarren, A. M. Tetrahedron Asymmetry, 

2017, 28, 1321.
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Substrate Scope

1. Holstein, P, M.; Holstein, J. J.; Escudero-Adan, E. C.; Baudoin, O.; Echavarren, A. M. Tetrahedron Asymmetry, 

2017, 28, 1321.



29

Substrate Scope and Limitation

1. Hoffman, K.; Rieβelmann, B.; Wenzel, M. Liebigs Ann. Chem. 1980, 1980, 1181.

2. Holstein, P, M.; Holstein, J. J.; Escudero-Adan, E. C.; Baudoin, O.; Echavarren, A. M. Tetrahedron Asymmetry, 

2017, 28, 1321.
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Comparison of the Melting Point

1. Holstein, P, M.; Holstein, J. J.; Escudero-Adan, E. C.; Baudoin, O.; Echavarren, A. M. Tetrahedron Asymmetry, 

2017, 28, 1321.
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Application in Total synthesis (1)

1. Ferrer, S.; Echavarren, A. M. Org. Lett. 2018, 20, 5784.
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Application in Total Synthesis (2)

1. Wright, B. A.; Regni, A.; Chaisan, N.; Sarpong, R. J. Am. Chem. Soc. 2024, 146, 1813.
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Summary

Method NMR
X-ray 

crystallography
Micro ED Crystalline sponge

Range
◎

(almost all)

×
(crystal with good 

size, quality)

△
(crystal with good 

quality)

potentially ○
(size of molecule)

Certainty of 

the structure
○ ◎ ◎ Potentially ◎

Comment
~ mg order is required

for data collection

Structure 

modification is 

sometimes

effective

~µg scale would 

be possible

Further 

development will 

be expected
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