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A novel bis-dumbbell shape of a multi cation around a azaspirodecanium combined with 
nido-carborane was prepared in a single step in good yield starting from pyrrolidine and 
1,3-dichloropropane to give one compound and from piperidine and 1,4-dichlorobutane to give the 
other. This is the first report of an electrolyte azaspirodecanium-boron-cluster structure. 1H,13C, and 
11B nuclear magnetic resonance spectroscopy, Fourier transform infrared spectroscopy, and high 
resolution mass spectrometry (HRMS) methods revealed changes due to interactions among the 
functional groups. In particular, the compound was electron-rich because of its unique structure 
and excellent chemical reactivity.
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Introduction 

Nido-carborane1 is a type of loose one boron atom defect 
with an open type basket structure; its precursor carborane 
structure is composed of ten embedded boron atoms with 
empty electron orbitals and two carbon atoms, confirming 
its active reaction.2,3 This structure plays an important role 
in the field of organic and inorganic chemistry, and is widely 
used in scientific research, such as metal and non-metal 
chelation.4 For example, in organic medicine, the boron 
neutron-capture therapy (BNCT) treatment method uses 
an externally irradiated thermal neutron source to excite 
boron atoms to generate energy levels to destroy tumor 
cells and achieve the therapeutic goals.5-11 In the inorganic 
and organic metallic directions, the physical properties of 
electron transfer and orbital potential energy, and the most 
extensive fields of coordination chemistry12,13 and organic 
light emitting diodes (OLED)14 are the most widely studied, 
as shown in Figure 1.

The applications include the following: anionic 
specificity, self-assembly and binding; nano medicine15-20 
and drug metabolism,21-24 and catalysts in biological 
systems. In addition, diaza-polycations are widely used 

in agriculture applications.25-27 Polynitrogen compounds 
with ionic polynitrogen structure can play an effective role 
in promoting the growth of soil and plants.28-31

Nido-carborane has attracted little research attention, 
particularly in the fields of polycationic adducts and 
applications. In this study, a new azaspirodecanium was 
synthesized using a simple method based on the unique 
structure of nido-carborane combined with reaction 
characteristics to easily produce high yield carborane 
adducts.

Figure 1. Azaspirodecanium salt and nido-carborane derivatives.
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Experimental

All solvents and reagents were obtained commercially. 
Moisture sensitive reactions were performed under 
nitrogen atmosphere. Acetonitrile was distilled from 
calcium hydride before use. All glassware were torch 
flame or oven-dried and kept in a desiccator before 
use. Characterization of the products at each stage, 
by nuclear magnetic resonance (NMR) spectroscopy 
1H and 13C spectra, were recorded on Bruker Avance 
spectrometer in CD3OD (400 MHz for 1H, 100 MHz for 
13C); chemical shifts are expressed in ppm versus internal 
tetramethylsilane (TMS) = 0 for 1H and 13C. Coupling 
constants (J) are given in Hz. Elemental analyses were 
performed using a Carlo Erba Instruments CHNS-O 
EA1108 analyzer. IR spectra of samples were recorded 
on an Nicolet avato-370 FT-IR analyzer using KBr disks. 
Elemental analysis (Carlo Erba Instruments CHNS-O 
EA1108 analyzer) and high resolution mass spectrometry 
(HRMS) (Jeol LTD JMS-HX 110/110A) were performed 
by the Uniplus company of the Republic of Korea.

General procedure for the synthesis of bis(4-azaspiro 
[3.4]octan-4-ium)-nido-ortho-caborane and bis(5‑azaspiro 
[4.5]decan-5-ium)-nido-ortho-caborane

The general procedure for the nido-carborane potassium 
salt substitution reaction was as follows: nido-carborane 
potassium salt (1.3 g, 0.6 mmol) was added to a solution of 
the 4-azaspiro[3.4]octan-4-ium chloride (1.9 g, 13 mmol) 
in distilled water (15 mL) and violent stirred at room 
temperature for few minutes. Then, mixture solution was 
filtered, washed with distilled water several times and dried 
to afford white solid.

Bis(4-azaspiro[3.4]octan-4-ium)-nido-ortho-caborane 
A white solid (2.0 g, 93%); IR (KBr) ν / cm-1 2513 

(B−H); 1H  NMR (400  MHz, CD3OD) d 3.52-3.49 (m, 
4H), 3.41-3.38 (m, 4H), 3.33-3.32 (d, J 1.6 Hz, 2H), 3.20-
0.8 (br, 10H, (B−H)), 1.91-1.86 (m, 10H), 1.76-1.68 (m, 
10H); 13C NMR (100 MHz, CD3OD) d 62.40, 60.41-60.36 
(t, J 2.7, 21.14, 20.97, 20.91 Hz); HRMS m/z, calcd. for 
C16H38B9N2 [M+]: 355.2942, observed: 355.2935, calcd. 
for C16H38B9N2: C 54.01, H 10.77, N 7.87, found: C 54.19, 
H 10.68, N 7.81.

Bis(5-azaspiro[4.5]octan-5-ium)-nido-ortho-caborane 
A white solid (2.1 g, 91%); IR (KBr) ν / cm-1 2537 

(B−H); 1H  NMR (400  MHz, CD3OD) d 3.58-3.54 (m, 
8H), 3.41-3.36 (m, 8H), 3.33-3.32 (d, J 1.6 Hz, 2H), 3.20-
0.8 (br, 10H, (B−H)), 2.22-2.18 (m, 8H), 1.91-1.86 (m, 

8H), 1.75-1.71 (m, 4H); 13C NMR (100 MHz, CD3OD) 
d 60.91, 59.87‑59.82 (t, J  2.5 Hz), 25.79, 19.31, 19.25, 
18.62; HRMS m/z, calcd. for C20H46B9N2 [M+]: 411.3571, 
observed: 411.3567, calcd. for C20H46B9N2: C  58.32, 
H 11.26, N 6.80, found: C 58.38, H 11.31, N 6.56.

Results and Discussion

Azaspirodecanium is a tethered structure with a double-
ring model centered on a nitrogen atom. The structure is 
simple, stable, and has no conjugation effect. Therefore, 
it is widely used in the electrolyte of lithium batteries,32,33 
as shown in Figure 1. First, 4-azaspiro[3.4]octan-4-ium 
chloride34,35 and 5-azaspiro[4.5]decan-5-ium chloride36 were 
obtained using conventional methods. According to the 
literature,37 potassium carbonate was used as an inorganic 
base to react with pyrrolidine under acetonitrile conditions, 
and 1,3-dichloropropane and 1,4-dichlorobutane were then 
added dropwise. The resulting compounds were cyclized 
using a one-pot method to obtain the ideal intermediate in 
89 and 86% yield.

The facile synthesis of nido-carborane has been 
reported.38,39 Referring to these documents, we adopted a 
mild method which used ethanol as a solvent to give the 
nido-carborane potassium salt in ideal yield. Finally, the 
corresponding two intermediates were stirred in distilled 
water to form a target product bis(4-azaspiro[3.4]octan-
4‑ium)-nido-ortho-caborane (93%) and bis(5-azaspiro 
[4.5]decan-5-ium)-nido-ortho-caborane (91%), as shown 
in Scheme 1.

Compounds bis(4-azaspiro[3.4]octan-4-ium)-nido-
ortho-caborane and bis(5-azaspiro[4.5]decan-5-ium)-
nido-ortho-caborane showed absorption bands in the 
infrared (IR) spectrum at 2540 and 2510 cm−1, as shown  
in Figure 2.

The diagnostic signals of the compounds were the 
azaspirodecanium peaks at d 3.58 and 1.68 ppm in the 
1H NMR spectra, a broad signal caused by B−H peaks for 
the ortho-carborane units from d 3.2-0.8 ppm (br), and C−H 
peaks at d 3.33-3.25 ppm. The 13C NMR spectra showed 
peaks at d 62.40-60.91 ppm for the ortho-carborane C−H 
bond.

And then, 11B  NMR spectroscopy was performed. 
Usually, the characteristic fluorine peak of carborane 
appears as a double or multi-peak at 20-(–20) ppm. When 
nido-ortho-carborane is complexed with bis(4-azaspiro 
[3.4]octan-4-ium) or bis(5-azaspiro[4.5]decan-
5‑ium), the peak changes to a broad double peak, from 
bis(4‑azaspiro[3.4]octan-4-ium)-nido-ortho-caborane 
(−10.94 ppm) and bis(5-azaspiro[4.5]decan-5-ium)-nido-
ortho-caborane (−10.96 ppm), as shown in Figure 3. Under 
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the influence of nido-ortho-carborane, bis(4‑azaspiro 
[ 3 . 4 ] o c t a n - 4 - i u m ) - n i d o - o r t h o - c a b o r a n e  a n d 
bis(5‑azaspiro[4.5]decan-5-ium)-nido-ortho-caborane did 
not show obvious changes in 11B NMR, but there were some 
subtle fluctuations in the NMR shifts (see Supplementary 
Information section).

Conclusions

A new shape of nido-carborane-substituted bipolar-
function derivatives, such as bis(4-azaspiro[3.4]octan- 
4-ium)-nido-ortho-caborane and bis(5-azaspiro 
[4 .5]decan-5- ium)-nido-ortho -caborane ,  were 
synthesized. The coupling of the azaspirodecanium salt 
with nido-carborane potassium salt to produce the target 
compounds proceeded successfully, which were further 
one-top substituted to produce the final compound in 

Scheme 1. Synthesis of bis(4-azaspiro[3.4]octan-4-ium)-nido-ortho-caborane and bis(5-azaspiro[4.5]decan-5-ium)-nido-ortho-caborane.

Figure 2. IR spectrum of azaspirodecanium-nido-ortho-caboranes.

Figure 3. 11B spectra of azaspirodecanium-nido-ortho-caboranes.
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good yield. The effects of the synthesized compounds 
on the chemical reaction showed outstanding stability. 
In particular, both compounds could be generated 
under relatively gentle conditions, e.g., in water. 
Further studies to characterize the physical properties 
of bis(azaspirodecanium)-nido-carborane are currently 
underway.

Supplementary Information

Supplementary information (Figures S1-S10) is 
available free of charge at http://jbcs.sbq.org.br as PDF 
file.
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