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Characteristic Reactivity of 
an All-Carbon-Substituted Diborane(4), B2(o-tol)4

Makoto Yamashita
Graduate School of Engineering, Nagoya University

Research Article

 B2(o-tol)4 (1) was synthesized as a diborane(4) having four carbon substituents, and its extremely highly  
electron-accepting properties and the origin of the electron affinity have been clarified. According to its own electron 
affinity, 1 shows a variety of unique reactivities. For example, 1 reacted with H–H, C≡O, and N=N bonds, with which 
ordinary organic molecules do not react at all. In addition, the two-electron reduction of 1 resulted in the formation 
of a dianionic B=B species which can be an equivalent of a Ar2B anion and a ligand of transition metal complexes. 
Furthermore, it was revealed that a diarylborylgold complex can be obtained by the metathesis of 1, which also shows 
characteristic reactivity.

Keywords: diborane(4), rearrangement, bond cleavage

Abstract

 Organic  molecules  conta in ing  heteroatoms  
(= p-block elements other than carbon) have a wide 
variety of characteristics depending on the type of 
heteroatom. For example, boron, which is the lightest 
group 13 element, has a slightly larger atomic radius 
than that of carbon located to its right in the periodic 
table (B: 0.83 Å; C: 0.77 Å). Therefore, chemical bonds 
involving boron atom(s) are slightly longer than those 
in ordinary organic compounds, which leads to their 
high reactivity. The Nobel Prize-winning Suzuki-
Miyaura cross-coupling reaction is a C-C bond-
forming reaction based on the reactivity of a B-C 
bond contained in a boronic acid derivative and has an 
extremely wide tolerance for functional groups.
 Borane (BH3) exists as a dimer, diborane (B2H6), 
by forming a three-center-two-electron bond, but in 
the IUPAC nomenclature, B2H6 with six hydrogen 
atoms should be called diborane(6) (Figure 1).1 On the  
other hand, B2H4 with a B–B single bond is named 
diborane(4) because it has four hydrogen atoms. Due 
to the long B–B single bond (1.75 Å) and two vacant 
p-orbitals on the two boron atoms, diborane(4) exhibits 
characteristic reactivity. Bis(pinacolato) diborane(4) 
(B2pin2), the most widely used diborane(4) in synthetic 

organic chemistry (TCI Product Code: B1964, CAS 
RN: 73183-34-3), is a water- and air-stable reagent 
and is known to be useful for the borylation of organic 
molecules catalyzed by transition metal complexes. 
In contrast ,  diborane(4) without substi tution of 
heteroatoms such as oxygen and nitrogen, being able 
to interact with the vacant p-orbital of the boron 
atom, exhibits higher reactivity. Recently, we have 
revealed that pinB–BMes2, a diborane(4) substituted 
with pinacol and Mes (2,4,6-Me3C6H2) groups, is 
significantly more reactive than B2pin2. Furthermore, 
we have found that this pinB–BMe2 causes multiple 
bond cleavage reactions via multi-step rearrangements, 
and that the origin of their high reactivity lies in the 
overlapping of two vacant 2p orbitals on two boron 
atoms.
 In this account, I briefly describe the characteristic 
reactivity of B2(o-tol)4 (1), which was newly synthesized 
as an all-carbon-substituted diborane(4) showing much 
higher Lewis acidity than that of pinB–BMe2. Although 
compounds A to D have been reported as similar all-
carbon-substituted diboranes, study on their reactivity is 
limited.2

Introduction
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Figure 1.  Structural formula of diboranes (Ar = o-tol, Ar' = 2,5-(Me3Si)2-4-Ph-6-C6F5C6H)

Scheme 1.  Synthesis of B2(o-tol)4 (1) and reaction with molecular hydrogen and its transition state (Ar = o-tol)

 B2(o-tol)4 (1) was synthesized by the reaction of 
o-tolylmagnesium bromide with commercially available 
B2cat2 (TCI Product Code: B3757, CAS RN: 13826-27-2) 
(Scheme 1).3 A single-crystal X-ray diffraction analysis 
of 1 revealed a twisted structure with a torsion angle of 
–96.6° formed by the two sp2 boron planes. According 
to electrochemical measurements in solution, the 
reduction potential of 1 was found to be –2.1 V (in 
THF, vs. Fc/Fc+), which was significantly less negative 
than that of pinB-BMes2 (–2.5 V), due to the high 
electrophilicity of 1. By DFT calculations, we estimated 
the dependency of the LUMO energy level (eV) and the 
electronic energy (kcal/mol) of conformational isomers 
of 1 in which the torsion angle of the C(ipso)−B−B−
C(ipso) moiety was changed in increments of 10°. It 
was found that the electronic energy increases and 
the stability decreases as the torsion angle decreases, 
but the electrophilicity increases as the LUMO level 
decreases (Figure 2). In particular, when the two sp2 
boron planes are coplanar with a torsion angle of 0°, 
the LUMO level is the lowest due to the overlapping 
of the vacant 2p orbitals of the two boron atoms, much 
lower than those of Mes3B and pinB–BMes2. Exposure 
of the hexane solution of 1 to H2 afforded diarylborane 
dimer 2. It was later reported that a similar reaction 

of D also proceeded. The structure of 2 was revealed 
by single-crystal X-ray diffraction analysis, and 
the existence of bridged hydrogen atoms adopting 
three-center-two-electron bonds was confirmed by 
IR spectrophotometry. Since 2 was found to exist in 
equilibrium with a monomer or a trimer in the solution, 
it was difficult to assign by NMR spectroscopy. To 
fully identify the structure of 2, it was converted to the 
corresponding pyridine adduct 3 and isolated, and then 
completely characterized by NMR spectroscopy. Using 
DFT calculations to evaluate the reaction mechanism 
of 1 with a hydrogen molecule, it was found that the 
reaction proceeded via the transition state TS1-2. NBO 
analysis of TS1-2 revealed the existence of interactions 
between a pair of electrons in the B–B bond and the HA 
atom, and between a pair of electrons in the B–HB bond 
and the HA atom. The reaction is thought to be initiated 
by coordination of the H–H bond to one of the vacant 
p-orbitals of the boron atom in the Ar2B moiety (right 
side), and subsequently, deprotonation by the other 
Ar2B moiety (left side) proceeded. As a conclusion 
from this finding, the Ar2B moiety on the left side can 
be considered to act as a diarylboryl anion (Ar2B–) 
equivalent by utilizing the electron pair of the B–B 
bond.
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Figure 2.  Dependence of LUMO energy level and total energy of 1 on torsion angle

Scheme 2.  The reaction of 1 with CO (Ar = o-tol)

Scheme 3.  Possible reaction mechanism of 1 with CO estimated by DFT calculations (Ar = o-tol)

 Highly reactive 1 also reacts directly with CO 
molecules (Scheme 2) .4 Exposure of  a benzene 
solution of 1 to a CO atmosphere (1 bar) resulted in 
the formation of boraindane 4 and boroxine 5. In this 
reaction, the C≡O triple bond of the CO molecule was 
cleaved in one step. The formation of 4 was confirmed 
by NMR spectroscopy and single-crystal  X-ray 
structure analysis, and 5 was identified by comparing 
the NMR and MS data with the data from the literature. 
Since the benzylic carbon of 4 was presumed to be 
derived from the CO molecule, 4-13C was synthesized 
using 13C-labeled carbon monoxide gas.  I t  was 
confirmed that the benzylic carbon of 4 was derived 
from CO based on the splitting pattern and increased 
intensity of the 1H and 13C NMR signals of 4-13C. In 

addition, the reaction mechanism was estimated based 
on the DFT calculations (Scheme 3). Coordination of  
CO to 1, nucleophilic migration of the Ar2B moiety, C–B  
bond cleavage to form a thermodynamically stable  
B–O bond, followed by the migration of the Ar group 
produces boraalkene intermediate 6. After that, the Ar 
group migrates to the highly electrophilic boraalkene 
moiety to form a borataalkene intermediate, which 
spontaneously dissociates into oxoborane Ar–B=O and 
betaine-type borataallene, leading to the cleavage of 
the CO-derived C–O bond. The produced oxoborane is 
immediately trimerized to form 5, and the borataallene 
forms 4 through the transfer of the Ar group and 
hydrogen atom.
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Scheme 4.  Reactions of 1 with N=N double bond species (Ar = o-tol)

 The reactivity of 1 toward N=N double-bond 
species was also investigated.5 The reaction of 1 with 
azobenzene afforded the N–N single bond species 7a 
by the diboration of the N=N double bond. The reaction 
was carried out under light irradiation since it was 
found that only the cis form of azobenzene reacted with 
1. The reaction with pyridazine, in which the geometry 
of the N=N double bond was fixed as cis, proceeded 
immediately to afford the corresponding N–N single 
bond species 7b, also by diboration. On the other 
hand, when the reaction of 1 with bicyclic phthalazine 
was examined, quantitative formation of 8 through 
N=N double bond cleavage was confirmed by single-
crystal X-ray diffraction analysis. Such N=N double 
bond cleavage reactions are rare and limited to severe 
reaction conditions using strong oxidants, reductants, or 

a chromium-carbene complex. When this reaction was 
stopped after a short time, the intermediate 7c could 
be isolated. 7c is a product with an N–N single bond 
formed via diboration, similar to the case for 7a and 7b. 
It was found that when a solution of 7c was left at room 
temperature, isomerization proceeded quantitatively to 
give 8 regardless of the presence or absence of room 
light. This isomerization involves the rearomatization 
of the six-membered ring of 7c, which is considered 
to have driven the reaction thermodynamically. DFT 
calculations revealed that the formation of 7a-7c can 
be understood by a common reaction mechanism which 
starts with coordination of a nitrogen to the boron atom 
in one Ar2B group followed by migration of the other 
Ar2B group. 

 Due to the presence of the 2p orbital of the two 
boron atoms, 1 is easily reduced to give a dianion 
spec ies  9  wi th  a  B=B double  bond charac ter. 6 
Compound 9 is the third dianionic B=B double-bond 
species reported so far. Reaction of 9 with CH2Cl2 
afforded 10 as a geminal-diborated product. In this 
reaction, 9 can be regarded to behave as 2 equivalents 
of an anionic Ar2B nucleophile equivalent. Since  
a small amount of 1 was recovered, it is considered 
that part of the reaction may proceed via an electron 
transfer reaction. The structure of 10 with a B–C–B 
bond was confirmed by single-crystal X-ray diffraction 
analysis of acetonitrile-coordinated 10·CH3CN, which 
was crystallized from an acetonitrile solution of 10. 
The dianionic species 9 can also be used as a ligand for  

transition metal complexes.7 The reaction of 9 with  
2 equivalents of IMesCuCl produced a dinuclear copper 
11 in which both the top and bottom of the diborane 
moiety were coordinated to Cu. In the structure of 11, 
it is considered that the π electron of the B=B double 
bond coordinated to the two Cu centers at the same 
time, which is presumed to be due to the negative 
charge of dianion 9. Similarly, the reaction of 9 with 
[Rh(cod)Cl]2 gave complex 12 in which the C–H bond 
of the o-tolyl group was cleaved after the B–B moiety 
coordinated to the Rh center. In this reaction, the 
hydrogen atom generated by bond cleavage transferred 
to the opposite side of the B–B moiety. Thus, it was 
clarified that the dianionic B=B double bond species 9 
derived from 1 also shows a characteristic reaction.
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Scheme 5.  Formation and reactions of dianion 9 by reduction of 1 (Ar = o-tol)

Scheme 6.  Synthesis and reaction of diarylborylgold complex 13 by metathesis of 1 (Ar = o-tol)

 It was also revealed that the highly electrophilic 
1 affords a boryl complex by a metathesis reaction 
with a metal alkoxide (Scheme 6).8 When 1 reacted 
with a gold tert-butoxide complex having an IPr 
ligand, diarylborylgold complex 13 formed with the 
elimination of alkoxyborane. Complex 13 exhibits 
an orange color in contrast to the colorless oxygen-
substituted boryl complex (IPr)AuBpin. As revealed 
by the DFT calculations, this is because the HOMO-
LUMO energy gap of 13 becomes smaller due to the 
higher π-accepting and σ-donating abilities of the 
diarylboryl ligand as compared with those of Bpin, 
so the absorption extended into the visible region. In 
addition, the reaction of complex 13 with the C=O 

double bond of benzaldehyde gave 14 as the main 
product by the formation of Au–C and O–B bonds. 
In a typical transition-metal boryl complex, the boryl 
ligand attacks the carbonyl as a nucleophile, whereas 
the product obtained by this reaction has the opposite 
selectivity. We performed DFT calculations to analyze 
the reaction mechanism. It was revealed that after 
forming an intermediate 15  in which the oxygen 
atom of the carbonyl group coordinated to the highly 
electrophilic boron atom in 13, the reaction proceeded 
through the transition state TSadd, where the gold 
atom behaved as a nucleophile, leading to the opposite 
selectivity.

 The diarylborylgold complex 13 also showed 
characteristic reactivity toward internal alkynes 
(Scheme 7).9 The reaction of 13 with diphenylacetylene 
gave 16-Ph as an auroboration product with syn-
selectivity. However, it should be noted that the 
positions of the Ph group that should be on the carbon 
atom of the alkenyl group and the o-tol group that 
should be on the boron atom were exchanged. The 
formation of 16-Ph is considered to arise from a simple 
syn-addition intermediate 17-Ph, which could not be 
isolated. Similar to the formation of 16-Ph, the reaction 
using 3-hexyne afforded 16-Et in which the substituents 
also became exchanged in the same manner. When the 
same reaction was performed at a lower temperature 

and stopped after a short time, the simple syn addition 
product 17-Et without exchanging substituents could 
be isolated. When the solution of 17-Et was allowed 
to stand at room temperature, isomerization to 16-Et 
proceeded gradually. The reaction obeyed first-order 
kinetics for the concentration of 17-Et, indicating an 
intramolecular pathway. The reaction mechanism was 
analyzed by DFT calculations and gold alkynylborate 
complexes 18-Ph  and 18-Et  were ident i f ied as 
intermediates connecting 16  and 17  (Scheme 8). 
Complexes 18 are expected to be formed by a 1,2-shift 
of carbon substituents attached to the alkenyl group 
on the highly Lewis acidic boron atom with the 
cooperation of the pair of bonding electrons in the 
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Scheme 7.  Reactions of diarylborylgold complex 13 with internal alkynes (Ar = o-tol)

Scheme 8.  Reaction mechanism for diarylborylgold complex 13 with internal alkynes estimated by DFT calculations (Ar = o-tol)

highly polarized Au–C bond. In this context, we named 
the reaction forming 18 as a "retro-1,2-metalate shift" 
because it can be regarded as the reverse reaction of 
the 1,2-metalate shift, in which one of the substituents 

in the 4-coordinated borate migrates to a neighboring 
atom. These reactions proceeded due to the coexistence 
of polarized Au–C bonds and highly Lewis acidic Ar2B 
groups in the molecule of 17.

 This account describes the synthesis, properties, 
and characteristic reactivities of the highly reactive 
diborane(4), B2(o-tol)4 (1), which we have recently 
reported. 1 exhibits highly electron-accepting accepting 
properties due to the two vacant overlapping p-orbitals 
of the two boron atoms. As a result, 1 showed high 
reactivity toward H–H, C≡O, and N=N bonds, with 
which ordinary organic molecules do not react. In 

addition, the two-electron reduction of 1 resulted 
in the formation of a dianionic B=B species, which 
can be used as an Ar2B anion equivalent or a ligand 
for transition metal complexes. Furthermore, it was 
revealed that a diarylborylgold complex can be obtained 
by the metathesis of 1, which shows unusual reactivity 
toward C=O and C≡C bonds.
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GUO Xueying at Hong Kong University of Science and 
Technology for analysis of reaction mechanisms using 
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MURATSUGU Satoshi, and Mr. IKEMOTO Satoru 
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Basics and Applications of Tissue Clearing Technology
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Research Article

 Due to i ts  complex three-dimensional  (3D) 
structure, biological tissue should primarily be analyzed 
by 3D information.  The optical  microscope has  
a desirable resolution that allows cells and subcellular 
structures to be resolved in the tissue. However, due 
to the opacity of the biological tissue, traditional 
histology does not allow direct observation of internal 
structures using the optical microscope. Therefore, 
microscopic t issue observat ion in conventional 

histology is performed by cutting and preparing 
many sliced sections. The tissue clearing technique is  
a histological method that has shown rapid technological  
maturity in recent years. Tissue clearing renders light 
to pass through the target tissue and thus allows 3D 
observation of the entire sample without physical 
slicing. This review presents basic knowledge of recent 
tissue clearing techniques and their representative 
applications.

 Tissue clearing is both an old and new technology. 
The earliest tissue clearing applications by Lundvall 
in Sweden and Spalteholz in Germany in the early 
1900s were an attempt to visually observe the 3D 
construction of tissues.1,2) More than half a century 
after their early trials, Dent reported a 3D observation 
case of frog embryos using Murray’s clear (a mixture 
of benzyl alcohol and benzyl benzoate, called BABB), 
an improved clearing reagent over Spalteholz’s 

one.3) This study was followed by Tuchin’s physical 
investigation in the 1990s and Chiang’s insect tissue 
clearing reagents in the early 2000s. Finally, in 2007, 
Dodt published whole-organ/body 3D imaging by 
combining BABB-cleared tissue with a light-sheet 
microscope (discussed below).4) This epoch-making 
work triggered the development of subsequent tissue 
clearing technology.

 The recent growth of tissue clearing technology supports the dissemination and generalization of three-dimensional 
(3D) observations of complex biological tissues. Since many clearing protocols have been proposed, understanding 
the basic principles of tissue clearing is essential for understanding their technical characteristics and selecting the 
appropriate one. Practical 3D tissue staining protocols that can stain whole large tissue samples have also been reported. 
In addition to these clearing and staining reagents, resources such as light-sheet microscopy and software required for 
3D imaging and data analysis have been commercialized and open sourced in recent years. These trends suggest that this 
technology will become a more standard basic technology in biomedical research, clinical medicine, and drug discovery 
fields.

Keywords: Tissue clearing, light-sheet fluorescent microscopy, three-dimensional imaging, image analysis, three-
dimensional tissue staining

Abstract

Introduction

Mechanism and procedure of tissue clearing
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 Modern tissue clearing technologies include three 
categories as follows:5,6)

(1)  a method using organic solvents (hydrophobic 
reagents),

(2)  a  m e t h o d  u s i n g  w a t e r - s o l u b l e  c o m p o u n d s 
(hydrophilic reagents), and

(3)  a method combined with a robust fixation method 
using artificial gels (hydrogel tissue chemistry).

 BABB and DISCO reagents are representative of 
group (1). While these reagents achieve high clearing 
efficiency, issues such as safety and relatively low 
signal preservation of fluorescent proteins should be 
considered. Group (2) includes variations of protocols 
according to the experimental purposes. Our CUBIC 
reagents fall into this category. Group (3) includes 
protocols represented by CLARITY, which impart 
resistance to physicochemically severe conditions such 
as high temperature and strong tension to biological 
tissues. This operation improves the preservation of the 
molecules and allows multiplex labeling. These three 
groups were a convenient categorization method based 
on the background of tissue clearing development. 
However, several recent integrated protocols such as 
PEGASOS and SHANEL combine the advantages 
of each group. Therefore, a recent review proposed  
a way to understand and classify tissue clearing more 
comprehensively.7)

 Tissue clear ing can be achieved by (1)  the 
reduction of light scattering inside the tissue, and (2) 
the reduction of light absorption inside the tissue.

 Step (1) is the process for the tissue to be infiltrated 
into a reagent having similar optical properties as 
the biological materials (mainly proteins), which 
suppresses light scattering and diffraction inside the 
tissue. Because the refractive index (RI) is considered 
a representative index for the optical properties 
considered here, this step is called refractive index 
matching (or RI matching). Several protocols aim to 
lower the macroscopic RI of tissue by swelling.8–10) 
However, more complicated physicochemical processes 
such as suppression of light scattering due to structural 

changes in fibrous proteins are also assumed.11) 

Therefore, the principle of “RI matching” has not been 
completely elucidated.

 Organic solvents such as BABB and dibenzyl 
ether, and various water-soluble chemicals such as 
sugars, alcohols, and aromatic amides can achieve RI 
matching. Occasionally, RI matching is combined with 
additional steps for achieving higher final transparency. 
Delipidation is the step to remove lipids that have  
a high RI and form light-scattering structures such as 
vesicles. Decalcification removes bone hydroxyapatite. 
Organic solvents such as alcohols and tetrahydrofuran, 
nonionic surfactants such as Triton X-100, and ionic 
surfactants such as SDS and CHAPS are used for 
delipidation. EDTA, a representative chelating agent, is 
effective for decalcification.

 Step (2), so-called decolorization and depigmentation, 
aims to remove tissue pigments such as heme and 
melanin that  absorb l ight .  Removal  of  heme is 
crucial for efficient clearing because the compound 
is particularly abundant in the body and can absorb 
visible light shorter than the red wavelength range. 
Decolorization methods had been limited to harsh 
treatments such as bleaching. However, we found that 
amino alcohols enable efficient heme removal under 
mild conditions without protein denaturation.12) Melanin 
is a complex biopolymer synthesized from tyrosine. 
So far, there is no efficient way to remove this pigment 
gently, like amino alcohols for heme. Therefore, 
bleaching with hydrogen peroxide is usually adopted. 
Depigmentation of melanin is essential for observing 
pigmented tissues such as in the eyes.13) However, it 
should be noted that bleaching eliminates fluorescent 
protein signals.

 Figure 1 shows a general tissue clearing process 
incorporat ing the mechanisms of  s teps  (1)  and 
(2). Fixed tissue is first treated with delipidation/
decolorization/decalcification reagents, followed by 
immersion into an RI matching reagent, which finally 
renders the sample transparent.
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Figure 1.  A general procedure of tissue clearing. Part of the figure was created with BioRender.com

Figure 2.  Microscopy for 3D imaging

While prevalent line-scan microscopes can be used for observing a cleared sample, there are issues such as signal leakage from outside the sectioning 
plane and long imaging time due to the line-scan operation. Since light-sheet microscopy excites only the acquiring cross-section with sheet-shaped 
illumination light, it enables high-speed 3D observation, avoiding the issues of line-scan microscopes.

 We screened the tissue clearing ability of more 
than 1600 water-soluble compounds and invented  
a series of CUBIC tissue clearing reagents.14,15) CUBIC-L  
has strong delipidation and decolorization abilities 
due to an amino alcohol, N-butyldiethanolamine, 
and a non-ionic detergent, Triton® X-100. CUBIC-R 
is a highly efficient RI matching reagent composed 
of two types of aromatic amines. CUBIC-P contains 
1-methylimidazole, which has strong decolorizing 
activity, in addition to the composition of CUBIC-L. 
Perfusion of this reagent allows decolorization from 

the whole body of the animal. CUBIC-B for bone 
decalcification is composed of EDTA and imidazole. 
These CUBIC reagents can clear almost all rodent 
organs. For the delipidation of primate specimens, 
including human tissues,  CUBIC-HL containing 
1,3-bis(aminomethyl)cyclohexane and a 1,2-hexanediol 
solution16) is additionally provided. Tokyo Chemical 
Industry has commercialized these CUBIC reagents. 
End users can quickly deploy the quality-guaranteed 
CUBIC products in their experiments.

 3D observa t ion  of  c leared  samples  can  be 
performed with prevalent confocal and multiphoton 
microscopes. However, light-sheet microscopy is 
further used for faster 3D imaging of large cleared 
samples (Figure 2). Light-sheet microscopy creates 
an optical section in a sample with excitation light 
spread out in a sheet shape. This configuration makes 

it possible to collect the z-stack of 2D images by 
moving the generated optical sections. Therefore, light-
sheet microscopy achieves high-speed 3D imaging. On 
the other hand, this device presupposes a transparent 
subject. Therefore, light-sheet microscopy could not 
be applied without achieving advanced tissue clearing 
technology.

Three-dimensional imaging and image analysis of cleared tissue
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Figure 3.  Development and applications of CUBIC-HistoVIsion

We screened the essential factors for improving the penetration of the staining probes to achieve uniform 3D staining. We clarified two crucial factors: 
(1) modulating the interaction between the staining probe and the tissue, and (2) setting appropriate parameters such as the staining temperature (room 
temperature or higher) and the initial concentration of the staining probes (5-20 µg/mL antibodies). We finally designed a bottom-up 3D staining and 
imaging protocol, “CUBIC-HistoVIsion (CUBIC-HV),” by integrating these results. CUBIC-HV made it possible to uniformly stain and visualize sizable 
(~1 cm3) 3D samples, such as whole mouse brain. Figure images were adopted from reference 18 (CC-BY-4.0).

 Applying an appropriate quantitative analysis 
is essential for extracting biological information 
from the acquired 3D image data. As an analysis 
platform for organ-scale 3D image data, we have 
developed “CUBIC-Atlas,” a whole-brain single-cell 

resolution atlas consisting of all cell coordinates in the 
mouse brain,8) and “CUBIC-Cloud®”, a cloud-based 
software for whole-brain analysis and data sharing.19) 
CUBICStars Inc. provides the commercialized CUBIC-
Cloud software (https://cubic-cloud.com/).

 Recently, several companies such as Miltenyi 
Biotec (LaVision Ultramicroscopy),  3i  (Cleared 
Tissue LightSheet), and Bruker (LCS SPIM) have 
commercialized light-sheet microscopy for cleared 
tissues. In addition, a group at the University of Zurich 
has released mesoSPIM, an open-source light-sheet 
system for cleared tissues17) (https://mesospim.org/). In 
the future, cheaper light-sheet systems that non-expert 
end-users can easily handle will further contribute to 
the spread of tissue clearing technology.

 The experimenter needs to visualize the cell or 
tissue structure of interest by appropriate labeling. 
Genet ic  tools  such as  t ransgenic  and knock- in 
animals, or viral vectors, are representative labeling 
methods.  Histological  s taining with small  dyes 
and antibodies is also an option. However, in such  
3D t issue s ta ining,  the  s ta ining probe requires 
penetrating the tissue until it binds to the target. It is 
generally difficult to obtain uniform staining inside 
the tissue with a simple extension of the conventional 

2D staining. The insufficient penetration even of small 
molecules suggests that this is due to the complex 
physicochemical environment in the tissue rather than 
simple reasons such as molecular size.

 We attempted to solve this problem. We elucidated 
that the tissue has the quite similar physicochemical 
properties as an electrolyte gel. This finding enabled 
screening of superior 3D staining conditions by 
combining a t issue-mimicking artificial  gel and 
computer simulation. We finally succeeded in the 
bottom-up design of the ideal 3D staining protocol 
“CUBIC-HistoVIsion (CUBIC-HV®)” by combining 
the screened essential conditions. CUBIC-HV can 
uniformly stain ~1 cm3 3D tissue specimens, such as 
a whole mouse brain and a human brain block, with 
various antibodies and stains18) (Figure 3). CUBICStars 
Inc. has commercialized the CUBIC-HV kits and 
sells them via Tokyo Chemical Industry (https://www.
cubicstars.com/cubic-hv/index.html).
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Triton® is a registered trademark of The Dow Chemical Company. CUBIC-HV® and CUBIC-Cloud® are registered trademarks of CUBICStars, Inc.

 The modern tissue clearing technique was initially 
considered for use in neuroscience. Many studies 
reported applications in structural and functional 
analysis of the global neural circuit, such as dopamine 
circuits,20) circuits in the frontal cortex,21) a novel 
taste circuit,22) and whole-brain circuits responding 
to drugs.23,24) However, researchers in various fields 
have also adopted this technique. Cancer research 

is a representative area because information on 3D 
tissue structure is significant. Recent examples include 
analysis of systemic cancer metastasis,25) detection of 
micrometastasis,26) 3D pathology of prostate cancer 
biopsy,27) and cancer tissue diversity analysis.28) 
The technique has also been used in the clearing of 
spheroids and organoids.29) Some recent protocols can 
even make crustaceans and insects transparent.30,31)

 Tissue clearing technology has rapidly spread in 
a wide range of biomedical research and is becoming 
one of the general experimental techniques in several 

areas. Readers who need more detailed information 
are encouraged to look over excellent reviews on the 
detailed principles, workflows, and applications.5–7,11)

 The author is an employee of CUBICStars, Inc., 
and is a co-inventor on patents and patent applications 
owned or filed by RIKEN and CUBICStars, Inc., 

cover ing the  CUBIC and CUBIC-HV reagents , 
respectively.

Applications of tissue clearing in biomedical research

Conclusions

COI disclosure
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Related Products
Tissue-Clearing Reagent CUBIC-L [for delipidation and decoloring]   25mL 100mL 500mL T3740
Tissue-Clearing Reagent CUBIC-R+(N) [for RI matching] 25mL 100mL 500mL T3983
Tissue-Clearing Reagent CUBIC-R+(M) [for RI matching]  25mL 100mL T3741
Tissue-Clearing Reagent CUBIC-B [for decalcification]  25mL 100mL T3780
Tissue-Clearing Reagent CUBIC-HL [for highly fatty tissue and quenching autofluorescence]  25mL 100mL T3781
Tissue-Clearing Reagent CUBIC-P [efficiently aids perfusion fixation]  25mL 100mL T3782
Tissue-Clearing Reagent CUBIC-X1 [for tissue expansion]  25mL 100mL T3866
Tissue-Clearing Reagent CUBIC-X2 [for RI matching while keeping the expanded size]  25mL 100mL T3867
Mounting Solution (RI 1.520) [for CUBIC-R+]   50mL M3294
Mounting Solution (RI 1.467) [for CUBIC-X2]   50mL M3292
CUBIC-HV™1 3D nuclear staining kit   1KIT C3709
CUBIC-HV™1 3D immunostaining kit (Casein separately)   1KIT C3717
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Encouragement of Research (Part 1)
–Research Attitude–

Nagatoshi Nishiwaki
Kochi University of Technology, School of Environmental Science and Engineering

Chemistry Chat

 If you are around people who are "hard to give 
up," "hard to understand," "hard to get along with," or 
"skeptical," you probably do not want to be around them 
and try to avoid them as much as possible. However, 
with regard to research, this is the right kind of person. 
In other words, they are "people who can endure even if 
they do not get results," "people who do not get caught 
up in common sense and do not make quick judgments," 
"people who do not follow the lead of others," and "people 
who do not readily trust textbooks or the work of others”.
 Literature searches are important for understanding 
the history of past research. On the other hand, the more 
we search the literature, the more some people fail to take 
the first step. If you do not start experimenting because 
you think, "The reason this work did not get any hits in 

the literature search is because someone else already tried 
it and did not succeed," or "Other people have already 
thought of it anyway, then I have nothing to gain”. After 
doing some literature searching and thinking about it to 
some extent, it is important to give it a try.
 Some students say, "I could not find any hits in my 
literature search, so this reaction should not proceed.” In 
such a case, we should be rather pleased because research 
is the search for something new that has never been done 
before. You are relieved when walking on a road that 
has been found by someone else, but the probability of 
creating something new is low. It is only when we take 
a path that no one else has taken that we are able to do 
original research. Before thinking "Impossible," we 
should think "I'm Possible”.

 It is the "accidental discovery of something valuable”. 
It is well known that the works of Nobel laureates in 
chemistry, Dr. Hideki Shirakawa and Dr. Koichi Tanaka, 
were derived from their mistakes. Some people say that 
they were simply lucky, but they were recognized for 

establishing new work that would be discarded as a failure 
by other people.
 When starting a research project, everyone hopes 
for the results they considered. There is no doubt that we 
are happy when we get such results, but such cases are 

Literature Search

Serendipity

 Forty years have passed since I entered university and decided to pursue a career in chemistry. During this period, 
I have had many opportunities to come into contact with the valuable words of my seniors, but I have not been able 
to make full use of them because I have not listened to them. Now, I have reached the age where I can give advice 
to my younger colleagues. I would like to take this opportunity to share some of the thoughts I have gained from my 
experiences (or secondhand knowledge from my seniors) in three articles. It does not matter that you will not listen to 
them as I have done, but I will be happy if even one of them remains in your mind.

TCIMAIL  No. 189  l  Spring 2022  Spring 2022  l  No. 189  TCIMAIL



16

Author Information

not unexpected and the themes often converge. When 
unexpected results are obtained, it is a chance to develop 
a new theme. Some students do not want their failures to 
be known and immediately discard them, but they should 
stop and think, "Why did it happen?" and "Can something 
new be derived from it?”. What you find at such a time 
is something that you have not thought of, so it is likely 
to be an interesting result that others have not thought of 
either. When you fall down, you should not get up holding 
nothing.  
 So, what abilities are needed to seize this good 
fortune? In addition to "the ability to observe unusual 
results without missing them," you need "the perseverance 
not to give up easily" and "the mental strength not to give 

in to the pressure of the supervisor (boss).” The latter 
ability is especially important when you have a theme to 
work on and you have to take extra time to pursue new 
results.
 Nevertheless, if you think that there is a gem among 
valueless stones and try to find it, you may not usually 
find it, and you may find yourself in a quagmire. Gems are 
valuable because they are not easily found. It is difficult 
to make a decision whether you retreat or not because 
gemstones in the rough are sometimes indistinguishable 
from valueless stones. In such cases, it is necessary 
to have discussions with your supervisor and seniors 
and share opinions with them, because the intuition or 
experience of elders is quite reliable.

Professor Nagatoshi Nishiwaki received a Ph.D. in 1991 from Osaka University. He worked 
in Professor Ariga’s group in the Department of Chemistry, Osaka Kyoiku University, as an 
assistant professor (1991-2000) and associate professor (2001-2008). From 2000 to 2001, he 
was with Karl Anker Jørgensen’s group at Århus (Aarhus) University in Denmark. He worked at 
the Center for Collaborative Research, Anan National College of Technology as an associate 
professor from 2008 to 2009. Then, he moved to the School of Environmental Science and 
Engineering, Kochi University of Technology in 2009, where he has been a professor since 
2011. His research interests comprise synthetic organic chemistry using nitro compounds, 
heterocycles (synthesis, ring transformation, 1,3-dipolar cycloaddition, application as tools in 
organic synthesis), pseudo-intramolecular reactions.
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New Products Information

Fluorescent Sialidase Probe Useful for Detecting Influenza Virus

Product Number: B6235
1mg

BTP3-Neu5Ac Na (1)

 BTP3-Neu5Ac Na (1) is a fluorescent probe that enables the detection of enzyme activity of an enzyme “sialidase”, 
which is expressed in influenza virus and the infected cells and catalyzes the removal of sialic acid.1,2) 1 itself doesn’t 
have fluorescence but releases insoluble BTB3, which is produced by sialidase and emits green fluorescence by  
UV irradiation. Therefore, selective imaging of drug-resistant influenza viruses is possible when used in combination 
with 1 and specific sialidase inhibitors, such as zanamivir and oseltamivir.3)

References
1)  M. Takano, T. Takahashi, T. Agarikuchi, Y. Kurebayashi, A. Minami, T. Otsubo. K. Ikeda, H. Kanazawa, T. Suzuki, Virology 2014, 464-465, 

206.
2)  Y. Kurebayashi, T. Takahashi, T. Otsubo, K. Ikeda, S. Takahashi, M. Takano, T. Agarikuchi, T. Sato, Y. Matsuda, A. Minami, H. Kanazawa, 

Y. Uchida, T. Saito, Y. Kawaoka, T. Yamada, F. Kawamori, R. Thomson, M. Itzstein, T. Suzuki, Sci. Rep. 2014, 4, 4877.
3)  Y. Kurebayashi, T. Takahashi, C. Tamoto, K. Sahara, T. Otsubo, T. Yokozawa, N. Shibahara, H. Wada, A. Minami, K. Ikeda, T. Suzuki, 

PLoS One 2016, 11, e0156400.

Related Products
Zanamivir Hydrate    100mg Z0023
N-Acetyl-2,3-didehydro-2-deoxyneuraminic Acid (= DANA)    5mg A2205
Amantadine Hydrochloride   25g 250g A0588
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(1)

Table 1.  IC50 of 1 4)

a) mammalian Type I enzyme
b) yeast Type I enzyme

Arginine methyltransferase IC50 (μM)

PRMT1 a) 1.41

Hmt1p b) 0.78

References
1) K. Takahashi, S. Yamanaka, Cell 2006, 126, 663.
2) D.-W. Jung, W.-H. Kim, D. R. Williams, ACS Chem. Biol. 2014, 9, 80.
3) B. Lu, A. Atala, Drug Discovery Today 2014, 19, 801.
4) D. Cheng, N. Yadav, R. W. King, M. S. Swanson, E. J. Weinstein, M. T. Bedford, J. Biol. Chem. 2004, 279, 23892.
5) X. Yuan, H, Wan, X. Zhao, S. Zhu, Q. Zhou, S. Ding, Stem Cell 2011, 29, 549.

Protein Arginine Methyltransferase Inhibitor

Product Number: T0035
25G

 Since Yamanaka et al. identified transcription factors for inducing pluripotent stem cells from somatic cells, Oct4, 
Klf4, Sox2, and cMyc, technologies to establish induced pluripotent stem (iPS) cells have been developed.1) It was 
reported that reprogramming neural progenitor cells and fibroblasts is possible through combination with small 
molecules: two or three transcription factors and even one factor, Oct4. Several related articles are shown in the 
Table.2,3)

 AMI-5 (1) is a small molecule known not only as a color pigment but also as a protein arginine methyltransferase 
(PRMT1) inhibitor (Table 1).4) Yuan et al. reported that 1 enables Oct4-induced reprogramming of mouse embryonic 
fibroblasts in combination with TGF-β inhibitor, A 83-01.5)

* 1 is widely known as Tetrabromofluorescein or Eosin Y.

AMI-5 (1)

Related Products
A 83-01   5mg 25mg A3324
Tetrabromofluorescein Potassium Salt    25g T0036
Tetrabromofluorescein Disodium Salt    25g T0037
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Modified HSA for Click Chemistry

Product Number: H1795
1VIAL

 HSA-DBCO (1) is a complex of human serum albumin (HSA) and dibenzocyclooctyne (DBCO) moiety, which is 
used as a linker for the copper-free click reaction. 1 easily reacts with azide compounds to form a conjugate by just 
mixing.1,2) Generally, HSA can be coated on a variety of plates and material surfaces, so 1 can be used to prepare 
conjugated products for various types of experiments.

HSA-DBCO (1)
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