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Decomposition Characteristics of Hypervalent Iodine Compounds 
Induced by X-Ray Core Excitation for the Development of X-Ray 
Activated Caged Compounds

We focused on a hypervalent iodine compound, 2-iodosobenzoic acid (IBA), as a candidate for the protecting 
group of X-ray-activated caged compounds. The decomposition reactions of IBA induced by X-ray irradiations 
around the iodine L3-edge region were investigated. Evidence showed that X-irradiations induced bond breakages 
around the hypervalent iodine atom. The associated decomposition rate depended on the X-ray energy. X-ray 
absorption spectral changes and desorbed molecular fragments confi rmed a signifi cant molecular decomposition 
induced by one of the iodine L-shell excitations. Our fi ndings suggest that the hypervalent iodine compound could 
be a promising candidate for the design of novel X-ray-activated caged compounds.

Caged compounds are physiological signaling 
molecules that are biologically inactivated by the 
introduction of photo-removal protecting groups 
[1, 2]. The reactivation of caged compounds is pos-
sible through the removal of the protecting groups, 
thereby allowing for the temporal and spatial control 
of their biological activities via localized photoirradia-
tion. Ultraviolet to near-infrared light are the most 
common methods for removing protecting groups 
from caged compounds, but their clinical applications 
are limited due to their low biological permeability [3]. 
Since X-rays, which can selectively excite atoms by 
photon energy, have high biological permeability and 
can selectively induce bond cleavage around the ex-
cited atoms, we attempted to develop X-ray activated 
caged compounds.

Hypervalent iodine compounds containing iodine 
atoms with more than eight electrons in the valence 
shell were selected as protecting groups for X-ray 
activated caged compounds. Iodine has a signifi cant 
absorption cross-section for X-rays [4]. Furthermore, 
since hypervalent bonds are more easily broken 
than normal bonds, it is expected that X-irradiation 
will result in site-specific bond breakage around 
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the iodine atom. In this study, we investigated how 
X-rays decompose a hypervalent iodine compound, 
2-iodosobenzoic acid (IBA ; Fig 1(a)), as a potential 
protecting group for X-ray-activated caged com-
pounds. We revealed that X-ray irradiation at particu-
lar resonance peaks could control the bond break-
ages around the hypervalent iodine atom [5].

The X-ray absorption spectrum of IBA exhibited 
four characteristic resonance absorption peaks as 
shown in Fig. 1(b). The DOS spectrum (Fig. 1(b)) 
well reproduced the first three peaks. The absorp-
tion peaks were assigned to I 2p3/2 → σ* transitions 
of I-O and I-C (Fig. 1(c)), I 2p3/2 → π* transitions 
of I-O and I-C (Fig. 1(d)), I 2p3/2 → σ* transitions of 
I-O and I-C (Fig. 1(e)), and I 2p3/2 → σ* transitions of 
I-O and I-C (Fig. 1(f)), from the lower energy side. Only 
the second peak was assigned as the π* transitions.

The absorption spectra obtained before and after 
monochromatic X-ray irradiation were compared. 

No apparent spectral change was observed in the 
pre-edge energy irradiation (4550 eV; Fig. 2(a)). 
For the second absorption peak energy irradiation 
(4567.6 eV; Fig. 2(b)), the absorption intensity de-
creased signifi cantly after irradiation, indicating that 
X-ray irradiation induced the decomposition of IBA. 
This may be attributed to the fact that the second 
absorption peak is only assigned to I 2p3/2 → π* tran-
sitions of I-O and I-C (Fig. 1(d)). The absorption inten-
sity exhibited a notable decline following post-edge 
irradiation (4610 eV, Fig. 2(c)). However, the decay 
rate was lower than that observed for irradiation with 
the second peak energy, despite similar absorption 
intensities for the two energies. These results indi-
cate that the specifi c resonance excitation could ef-
fi ciently induce the decomposition of IBA.

We focused on several desorbed species as 
candidates derived from IBA and measured their 
time courses with or without monochromatic X-ray 
irradiation using a quadrupole mass spectrometer. 
Fig. 2(d-f) shows the time courses for m/Z = 122, 
127, and 128, corresponding to the masses of 
C6H5COOH, I-, and HI, respectively. The percentage 
of these species increased only when the sample 
was irradiated with an energy corresponding to the 
second absorption peak. The observed increases of 
the three species are evidence of desorption of io-
dine and other molecular fragments from the irradiat-
ed IBA. It indicates that the irradiation at the second 
absorption peak could induce e�  ccient bond break-
ages around the hypervalent iodine atom of IBA.

Taken together, the irradiation corresponding to 

the second resonance absorption peak at the iodine 
L3 edge specifically induces bond cleavage at the 
hypervalent iodine atom. The observed higher de-
composition rates than those by other X-ray energies 
indicate that the IBA molecule is a very promising 
protecting group for the design of novel X-ray acti-
vated caged compounds. These fi ndings provide cru-
cial insights into the activation mechanism of caged 
compounds by X-rays and may facilitate the devel-
opment of compound activation techniques in vivo 
through inner-shell excitation.

Figure 2 (a-c) Absorption spectral changes of IBA induced by monochromatic X-ray irradiation. (a) pre-edge; 4550 eV, (b) second 
peak; 4567.6 eV, and (c) post-edge; 4610 eV. (d-f) Time courses for the desorbed species with m/Z= 122, 127 and 128. The light purple 
area corresponds to the irradiation period. (d) pre-edge, (e) second peak, and (f) post-edge.
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Figure 1 (a) The molecular structure of IBA. Gray : carbon, blue : oxygen, red : iodine. (b) X-ray absorption and DOS spectra of IBA in 
the iodine L3-edge energy region. (c-f) Calculated molecular orbitals of IBA in the final states assigned as the origins of resonance 
absorption peaks.
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