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Polyhedral boranes are a class of well-known boron molecular clusters widely used in energy, chemistry, medicine, and materials
science because of their unique physical and chemical properties. Great efforts have been made in the past decades to find more
effective synthetic methods for this important class of boron compounds. However, existing synthetic methods suffer from low
efficiency and low selectivity. Herein, we report a facile one-pot synthesis of [(CH3)3S]2B12H12 with moderate yields at mild
conditions. The mechanisms for the multi-step chemoselective synthesis of B12H12

2− without other by-products are elucidated
based on theoretical results and our previous work. The Lewis base used in B–H bond condensation reaction, which acts as a
hydrogen or to balance the newly generated polyhedral borane charges, is proposed and studied in detail. The current study has
led to a more effective and selective synthetic method for B12H12

2− and has also implicated the syntheses of other new polyhedral
boranes.
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1 Introduction

Polyhedral boranes are a homologous series of inorganic
compounds consisting of boron and hydrogen [1]. Among
the thousands of known boranes and their derivatives, the
dodecahydridododecaborate anion (B12H12

2−) is the most
important boron species due to its unique properties and high
energy density [2]. Its derivatives have been widely in-
vestigated and utilized in many fields, including energy [3–
6], medicine [7–9], chemistry [10,11], materials science [12–

14], and especially as boron carriers in boron neutron capture
therapy (BNCT) for cancer treatment [15,16]. The icosahe-
dral structure of [B12H12] was first proposed by Lipscomb
and co-workers in 1954 [17]. One year later, Longuet-Hig-
gins and Roberts predicted that the icosahedral [B12H12]
borane would be stable only in its dianion form (B12H12

2−) by
theoretical calculations [18]. In 1960, Hawthorne and Pi-
tochelli first synthesized B12H12

2− from the reaction of 2-
iododecaborane and triethylamine in refluxing benzene with
low yield [19]. Since then, many methods for the synthesis of
B12H12

2− have been developed based on various boron-con-
taining starting materials [20–34].
Our group has been dedicated to the synthesis of new

© Science China Press 2025 chem.scichina.com link.springer.com

SCIENCE CHINA
Chemistry

*Corresponding authors (email: donghuiwei@zzu.edu.cn;
Lai-Sheng_Wang@brown.edu; xuenian_chen@zzu.edu.cn)

https://doi.org/10.1007/s11426-024-2334-0
https://doi.org/10.1007/s11426-024-2334-0
chem.scichina.com
link.springer.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s11426-024-2334-0&amp;domain=pdf&amp;date_stamp=2024-11-15


boron compounds and exploring their applications [34–43].
By comprehensively analyzing the different synthetic
methods established for B11H14

− and B12H12
2− derivatives, we

have elucidated the nature of B–H bond condensation reac-
tions [34,43]. This type of reaction occurs through a stepwise
condensation process dominated by dihydrogen bonding
interactions (DHB) between the positively charged bridged
hydrogen (Hδ+) and the negatively charged terminal hydro-
gen (Hδ−) of boranes. Then DHB interactions lead to the
formation of the B–B bond, with the release of one H2 mo-
lecule. This elucidation explained why most synthetic
methods based on the direct reactions between neutral bor-
anes, such as B2H6, B5H9, and B10H14, and borohydride an-
ions, such as BH4

− and B3H8
−, could be performed under

relatively mild conditions [27–32,43]. In addition to the di-
rect reaction of borohydrides and neutral boranes, some other
reactions of borohydrides alone could also form B12H12

2−.
This occurs because the neutral boranes are formed in situ
and then react with borohydrides, as shown in the mechan-
istic studies [23,29]. For example, the pyrolysis of Et4NBH4

forms the B12H12
2− anion in good or moderate yields, with

Et4NBH4 converting into Et3N·BH3 and EtH, as shown in Eq.
(1) [23]. The reactions of NaBH4 with I2 and BF3·Et2O could
produce the B12H12

2− anion [24,30] because B2H6 was first
formed in the reactions, as shown in Eqs. (2) and (3) [44,45].
Some reactions of borohydrides and polyhedral borates were
also used to synthesize B12H12

2− because there are bridged
hydrogens in these polyborohydrides, such as B3H8

−, B9H14
−,

and B11H14
−, as shown in Eqs. (4) and (5) [34]. Therefore, all

these reactions for the formation of the B12H12
2− anion are

based on the DHB interactions, as discussed above.
Et4NBH4 → Et3N·BH3 + EtH (1)
2NaBH4 + I2 → B2H6 + 2NaI + H2 (2)
3NaBH4 + 4BF3·Et2O → 2B2H6 + 3NaBF4 + 4Et2O (3)
NaB3H8 + NaB9H14 → Na2B12H12 + 5H2 (4)
NaB3H8 + NaB11H14 → Na2B12H12 + B2H6 + 2H2 (5)
2Et3N + 6B2H6 → (Et3NH)2B12H12 + 11H2 (6)
12Et4NBH4 → (Et3NH)2B12H12 + 10Et3N + 12EtH + 11H2

(7)
9KB3H8 → K2B10H10 + K2B12H12 + 5KBH4 + 15H2 (8)
On the other hand, the charge changes are worthy of note

during the formation of polyhedral boranes via the abstrac-
tion of hydrogen (a protic Hδ+ or a hydridic Hδ−). The ab-
straction of one Hδ− will quench one negative charge, and the
abstraction of one Hδ+ will add one negative charge in the
formed polyhedral borane. Thus, organic groups can play
important roles in the synthesis of the polyhedral borane
anions to adjust the charges of the final products (Figure 1).
For example, the reaction of Et3N and B2H6 affords
(Et3NH)2B12H12 (Eq. (6)), in which two negative charges are
generated on B12H12

2− [6B2H6 (neutral) → B12H12
2− (dia-

nion)] through abstraction of H+ by Et3N to form Et3NH
+

[29]. In contrast, the conversion of Et4NBH4 to (Et4N)2B12H12

requires the dissipation of extra negative charges to form the
borane dianion (12BH4

‒→ B12H12
2−) through the conversion

of the Et4N
+ cation to neutral Et3N and EtH by abstraction of

a H− anion (Eq. (7) and Figure 1) [22,23]. Metal salts of
boranes can also alter the charges of the products through
disproportionation reactions, which generally take place at
high temperatures, such as the conversion of KB3H8 into
K2B10H10, K2B12H12, and KBH4 at 185 °C, as shown in Eq.
(8) [22]. Thus, hydrogen abstraction by an alkyl group or
organic base enhances the B–H bond condensation reaction
so that the temperatures of the thermolytic condensation of
organic borate salts are lower than those of metal salts
[22,23,30].
Consequently, we wondered whether a class of borane

Lewis base adducts can form polyhedral boranes at relatively
low temperatures. Herein, we presented a highly selective
and efficient synthetic method of B12H12

2− as a tri-
methylsulfonium salt ([(CH3)3S]2B12H12) with moderate
yield under mild conditions from the starting material, di-
methyl sulfide borane ((CH3)2S·BH3), a commercially
available chemical.

2 Results and discussion

2.1 The selection of appropriate borane Lewis base
adduct for synthesizing the B12H12

2− anion

Based on the formation mechanism of polyhedral boranes,
the appropriate borane Lewis base adduct for developing the
strategy for the synthesis of the B12H12

2− anion should satisfy
two criteria: (1) the coordinating atom of the Lewis base
should have a moderate ability to interact with the B atom
and should be capable of readily dissociating the BH3 moiety
to participate in the B–H bond condensation reaction under
mild conditions; (2) the Lewis base can extract a protic hy-
drogen to form a counter cation to balance the charges.
To find borane Lewis base adducts suitable for synthe-

sizing the B12H12
2− salts under mild conditions, we have

tested different types of borane Lewis base adducts. A 1 M
solution of THF·BH3 was refluxed in THF (tetrahydrofuran),
yielding only B2H6 without any B12H12

2− (Figures S1 and
S5b, Supporting Information online) [35]. We speculated
that this is due to the difficulty for THF to abstract hydrogen

Figure 1 (Color online) The abstraction of hydrogen (H+ or H−) by or-
ganic groups to alter the charges of polyhedral boranes.
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from boranes to form oxonium ions at the refluxing THF
temperature. To verify this hypothesis, we examined the
reaction of KB3H8 and THF·BH3 under the reflux tempera-
ture and observed B9H14

− and B11H14
− (Figures S2 and S5c).

We believe that B2H6 was first formed from THF·BH3, and it
reacted with B3H8

− to form the B9H14
− and B11H14

− products,
which follows a similar process of B3H8

− reacting with
(CH3)2S·BH3 to produce B11H14

− [34,35]. And polyhedral
borane anions are produced because the K+ is a counter-
balance cation in the reaction. In addition, no B12H12

2− was
detected, because the temperature of the refluxing THF was
not high enough.
Another readily available borane is amine borane, whose N

atoms can extract protons from the reaction to form qua-
ternary ammonium ions [29]. By refluxing Et3N·BH3 in 1,2-
dimethoxyethane (DME), no B12H12

2− was found, and only
the starting material Et3N·BH3 was detected (Figures S3 and
S5d) because the strong dative bond between Et3N and BH3

in the Et3N·BH3 adduct does not allow the dissociation of the
BH3 group at the refluxing temperature of DME. However,
refluxing Et3N·BH3 in diglyme at a higher temperature led to
the formation of B12H12

2− along with B10H10
2−, as shown by

11B nuclear magnetic resonance (11B NMR) (Figures S4 and
S5e), which is consistent with the literature work [29]. Re-
cently, our group [43] reported an improved strategy for the
synthesis of M2B12H12 (M = Na, K) by reacting MBH4 with
N,N-dipropylaniline borane. To weaken the coordination
between the N and B atoms to facilitate the dissociation of
BH3 at relatively lower temperatures, the aniline compounds
C6H5N(CH3)2·BH3 and C6H5N(n-C3H7)2·BH3 were studied
under DME reflux conditions, respectively. It was found that
no B12H12

2− was monitored in the reaction of C6H5N(CH3)2·
BH3, but C6H5N(n-C3H7)2·BH3 can be converted into B12H12

2−

(Figures S6 and S7). We inferred that this may be due to the
larger steric hindrance of the propyl group compared to the
methyl group, making it easier to dissociate BH3 and gen-
erate B2H6 to participate in the B–H bond condensation re-
action. However, the reaction temperature is still not high
enough, resulting in a significant amount of starting material
remaining.
The dative bond strength of the borane Lewis base adducts

is related to the electron-donating ability of the coordination
atom. The theoretical studies suggested that a strong Lewis
base makes the L·BH3 adduct more stable, i.e., more
difficult to dissociate the BH3 group (Figure 2a) or to form
B2H6 by displacing L through the B–H nucleophilic attack
(Figure 2b). Thus, thioether borane adducts likely convert to
polyhedral boranes more easily than amine borane adducts
under mild conditions. To our delight, we have found that
dimethyl sulfide borane, (CH3)2S·BH3, a readily available
material, is the ideal starting reagent for the synthesis of the
derivatives of B12H12

2− and (CH3)3S
+ is the counter-cation

(Figure S5a).

2.2 The facile synthesis of B12H12
2− via thioether borane

adducts

After optimizing the reaction conditions (Table S1, Sup-
porting Information online), we were able to obtain
[(CH3)3S]2B12H12 with a 60% yield by refluxing a 6.7 M
DME solution of (CH3)2S·BH3 at 84 °C (Eq. (9), Figures S8,
S9 and Table S1). This method is the simplest one-pot re-
action reported, which proceeds under 100 °C conditions
from commercially available reagent through the thermolytic
method. The [(CH3)3S]2B12H12 salt can be easily converted to
Na2B12H12 by cation exchange (Figures S10 and S11). By a
similar procedure, the 10B-enriched [(CH3)3S]2

10B12H12 can
be prepared with 60% yields (Figures S12 and S13). Al-
though the tetrahydrothiophene borane (THT·BH3) can be
used as a starting material to produce B12H12

2− under stan-
dard reaction conditions (Figure S14), unfortunately, the
cation cannot be identified. Furthermore, we have also se-
lected an odorless sulfide alternative, n-C12H25S(CH3), as a
starting material [n-C12H25S(CH3)2]2B12H12 could be ob-
tained under reflux in DME with a 30% yield (Figures S15–
S17).
12(CH3)2S·BH3

→ [(CH3)3S]2B12H12 + 8(CH3)2S + 2CH3SH + 11H2 (9)

The single crystals of [(CH3)3S]2B12H12 and [(CH3)3S]2
10-

B12H12 were obtained by recrystallization from aqueous so-
lution, and their structures have been determined by single-
crystal X-ray diffraction. The crystal system of both of
[(CH3)3S]2B12H12 and [(CH3)3S]2

10B12H12 is trigonal and
belongs to the R-3m space group (Figure 3). Comparing the
crystal parameters of [(CH3)3S]2B12H12 and [(CH3)3S]2

10B12H12,
the different isotopes have no significant effect on the crystal
structures (Tables S2–S4). Important bond lengths are
mentioned in Table S4. The S–C bond lengths in the cation of
[(CH3)3S]2B12H12 (1.788 Å) are very similar to that of
[(CH3)3S]2

10B12H12 (1.785 Å). The B–B bond lengths in
[(CH3)3S]2B12H12 fall in a small range from 1.781 to 1.785 Å,
which is the same with [(CH3)3S]2

10B12H12. And B–H bond
lengths in [(CH3)3S]2B12H12 range between 1.08 to 1.18 Å,
whereas those of [(CH3)3S]2

10B12H12 fall in the range from
1.09 to 1.16 Å.

2.3 The formation of (CH3)3S
+ cation

The formation of the (CH3)3S
+ cation rather than the desir-

able (CH3)2SH
+ cation is to our surprise. Based on our pre-

vious work and theoretical calculations, we speculated that
the cation formation underwent the following process. Under
the refluxing condition in DME, a nucleophilic attack by the
B–H bond from one (CH3)2S·BH3 molecule can readily
displace the weak Lewis base (CH3)2S of another (CH3)2S·
BH3 molecule to form B–H–B and subsequently form B2H6

(Figure 4) [34,36]. The Lewis base (CH3)2S can abstract a
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bridged hydrogen (H+) to form the metastable (CH3)2SH
+

cation, which then converts to (CH3)3S
+ and CH3SH by re-

acting with another (CH3)2S molecule (Figure 5). It is no-
teworthy that Shore et al. [46] reported in 1996 the self-
condensation reaction of (CH3)2S·BH3 in the absence of a
solvent at 150 °C to form 1,7-(S(CH3)2)2B12H10 and 1,12-
(S(CH3)2)2B12H10, and at 60 °C [(CH3)3S][B12H11(S(CH3)2)]
was formed but [(CH3)3S]2B12H12 was not observed.

2.4 The formation mechanisms of B12H12
2−

To investigate the detailed reaction mechanisms, we mon-
itored both the solution and the gas products during the re-
action. The released gases were captured by diethyl ether and
characterized by 11B NMR spectroscopy. As shown in Figure
S18, the released gases included B2H6. As the reaction pro-
ceeded, the reaction solution gradually turned yellow, and a
precipitate formed. The 11B NMR spectra of the reaction

solution revealed the formation of B3H8
−, B9H14

−, and
B11H14

− intermediates (Figure S19), which are similar to the
reaction intermediates of MB11H14 through MBH4 and
(CH3)2S·BH3 [34]. And B3H8

− was observed to be formed
first, and then B9H14

− and B11H14
− were formed sequentially.

Based on these experimental observations and theoretical
calculations, we have proposed a mechanism for the for-
mation of [(CH3)3S]2B12H12 through direct reactions of
(CH3)2S·BH3 in DME at the reflux temperature. The pro-
posed mechanism includes six stages (Figure 6). In the first
stage, two (CH3)2S·BH3 molecules react with each other
through nucleophilic substitution to form B2H6 (Figure 4)
that further reacts with another (CH3)2S·BH3 to form B3H8

−

and (CH3)2SH
+. The (CH3)2SH

+ cation reacts with another
(CH3)2S molecule to form a stable (CH3)3S

+ cation as a
counterion (Figure 5), leading to the final [(CH3)3S]2B12H12

product (Figure 6). The formation mechanism of B3H8
− via a

similar reaction between BH4
− and B2H6 has been reported

previously [36]. The energy barrier of the formation of B3H8
−

here by the reaction of (CH3)2S·BH3 is 31.9 kcal/mol, which
is lower than the reported possible pathway [36].
The process from the second to the fifth stages has been

reported in our previous work [34,36]. Under the similar
heating condition of the reaction of MBH4 and (CH3)2S·BH3,
B7H12

−, B9H14
−, and B11H14

− were progressively formed
stepwise via reactions one B2H6 molecule with the inter-
mediate in the previous stage. This sequential reaction with
B2H6 is accompanied by H2 release and isomerization of the
intermediates. It is worth noting that the B2H6 molecule plays
a crucial role in the first five stages, facilitating the con-

Figure 3 (Color online) Single-crystal structure of the (a) [(CH3)3S]2B12H12
(b) and crystal cell. The single-crystal structure of (c) [(CH3)3S]2

10B12H12
and (d) crystal cell.

Figure 2 (a) The dissociation energies of L·BH3; (b) the conversion en-
ergies of L·BH3 into B2H6.

Figure 4 (Color online) The formation pathways for B2H6 (distance in
Å).
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densation reaction from one boron to eleven boron atoms.
In the last stage, the B11H14

− intermediate reacts with
(CH3)2S·BH3 to form B12H17

− and (CH3)2S. Subsequently,
two H2 molecules are released along with the formation of
B12H13

−, which is further deprotonated by (CH3)2S and
transformed into the B12H12

2− final product (Figure 7). The
newly formed (CH3)2SH

+ cation can react with another
(CH3)2S molecule to give (CH3)3S

+ and CH3SH (Figure 5).
The formation of B12H12

2−, (CH3)3S
+, and CH3SH is highly

exothermic (Figures 6 and 7), so the B12H12
2− product is

extremely stable once formed.

2.5 Experimental verification of the mechanisms

The above mechanisms for the synthesis of B12H12
2− have

been verified experimentally. We used KB3H8 as a starting
material to react with (CH3)2S·BH3 in refluxing DME, and
11B NMR showed the formation of B9H14

−, B11H14
− and the

final B12H12
2− product (Figures S20 and S21). At the last

stage of the reaction, each molecule of B11H14
− reacts with

one molecule of (CH3)2S·BH3 to form B12H12
2−, as reported

previously [29]. We performed a reaction of Et4NB11H14 and
(CH3)2S·BH3 in equivalence in refluxing DME and found the
final product was B12H12

2− (Figure S22). We should point out
that the intermediates B5H10

− and B7H12
− were not detected

by 11B NMR, probably because their lifetimes were too short
on the NMR time scale, considering the small Gibbs free
energy barriers and activation energy barriers (Figure 6) [34].
Two (CH3)3S

+ cations were formed in the first and last
stages, respectively, as described in the proposed mechan-

Figure 5 (Color online) The reaction stage 1 associated with the formation of B3H8
− and S(CH3)3

+ (distance in Å).

Figure 6 (Color online) The formation process of [(CH3)3S]2B12H12 from (CH3)2S·BH3.
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isms (Figures 5 and 7). To confirm this result, we refluxed a
(CH3)2S·BH3 in DME solution for 1 h and monitored the
reaction by NMR. The 11B NMR spectrum showed that
B3H8

− and a trace amount of B9H14
− were present (Figure

S19B), and the 1H NMR spectrum indicated the formation of
(CH3)3S

+ (Figure S23). This result indicated that one
(CH3)3S

+ cation was formed in the first stage. Furthermore,
the conversion from B11H14

− to B12H12
2− through the reaction

with (CH3)2S·BH3 needs one more cation; thus, it is believed
that the second (CH3)3S

+ cation is formed in the last stage
[29]. These observations confirm the theoretical results
(Figure 7).

3 Conclusions

In summary, we report an efficient and straightforward
method for the synthesis of the archetypical B12H12

2− poly-
hedral borane by the thermolysis of the commercially
available thioether borane adducts under related mild con-
ditions with moderate yields to generate pure B12H12

2− pro-
duct without the accompanying B10H10

2− by-product,
frequently observed in the previously reported methods. This
synthetic strategy also facilitates the production of 10B-en-
riched [(CH3)3S]2B12H12 for BNCT drug development. The
reaction mechanism has been proposed based on both theo-
retical and experimental investigations, which indicates the
weak ability of the Lewis base to coordinate with the BH3

group and its strong ability to abstract the proton play crucial
roles in this process. The thioether borane adducts produce a
counterbalance cation in the reaction and dissociate BH3

under mild conditions so that the B–H bond condensation
reaction can proceed smoothly. The current findings may be
further developed for the generally controllable synthetic
methods for polyhedral boranes from [B3] to [B12] or even
higher boranes.

Acknowledgements This work was supported by the National Natural
Science Foundation of China (22171246, U1804253, and 21773214).

Conflict of interest The authors declare no conflict of interest.

Supporting information The supporting information is available online at
http://chem.scichina.com and http://link.springer.com/journal/11426. The
supporting materials are published as submitted, without typesetting or
editing. The responsibility for scientific accuracy and content remains en-
tirely with the authors.

1 Lipscomb WN. Science, 1977, 196: 1047–1055
2 Sivaev IB, Bregadze VI, Sjöberg S. Collect Czech Chem Commun,

2002, 67: 679–727
3 Paskevicius M, Hansen BRS, Jørgensen M, Richter B, Jensen TR. Nat

Commun, 2017, 8: 15136
4 Huang Z, Wang S, Dewhurst RD, Ignat’ev NV, Finze M, Braunsch-

weig H. Angew Chem Int Ed, 2020, 59: 8800–8816
5 He T, Cao H, Chen P. Adv Mater, 2019, 31: 1902757
6 Lu Z, Ciucci F. J Mater Chem A, 2016, 4: 17740–17748
7 Bondarev O, Khan AA, Tu X, Sevryugina YV, Jalisatgi SS, Haw-

thorne MF. J Am Chem Soc, 2013, 135: 13204–13211
8 Alam F, Soloway AH, Barth RF, Mafune N, Adams DM, Knoth WH.

J Med Chem, 1989, 32: 2326–2330
9 Sivaev IB, Bregadze VI, Kuznetsov NT. Rus Chem Bull, 2002, 51:

1362–1374
10 Stauber JM, Schwan J, Zhang X, Axtell JC, Jung D, McNicholas BJ,

Oyala PH, Martinolich AJ, Winkler JR, See KA, Miller Iii TF, Gray
HB, Spokoyny AM. J Am Chem Soc, 2020, 142: 12948–12953

11 Zhang Y, Sun Y, Lin F, Liu J, Duttwyler S. Angew Chem Int Ed, 2016,
55: 15609–15614

12 Zhang Y, Hu J, Krishna R, Wang L, Yang L, Cui X, Duttwyler S, Xing
H. Angew Chem Int Ed, 2020, 59: 17664–17669

13 Lee MW. Angew Chem Int Ed, 2017, 56: 138–142
14 Qi B, Li X, Sun L, Chen B, Chen H, Wu C, Zhang H, Zhou X.

Nanoscale, 2018, 10: 19846–19853
15 Novopashina DS, Vorobyeva MA, Venyaminova A. Front Chem,

2021, 9: 619052
16 Barth RF, Mi P, Yang W. Cancer Commun, 2018, 38: 1–15
17 Eberhardt WH, Crawford Bryce J, Lipscomb WN. J Chem Phys, 1954,

22: 989–1001
18 Longuet-Higgins HC, Roberts MDV. Proc R Soc Lond A, 1955, 230:

110–119
19 Pitochelli AR, Hawthorne FM. J Am Chem Soc, 1960, 82: 3228–3229

Figure 7 (Color online) The reaction stage 6 associated with the structural transformation from B11H14
− and (CH3)2S·BH3 to B12H12

2− (distance in Å).

6 Jing et al. Sci China Chem

http://chem.scichina.com
http://link.springer.com/journal/11426
https://doi.org/10.1126/science.196.4294.1047
https://doi.org/10.1135/cccc20020679
https://doi.org/10.1038/ncomms15136
https://doi.org/10.1038/ncomms15136
https://doi.org/10.1002/anie.201911108
https://doi.org/10.1002/adma.201902757
https://doi.org/10.1039/C6TA07443J
https://doi.org/10.1021/ja4069613
https://doi.org/10.1021/jm00130a017
https://doi.org/10.1023/A:1020942418765
https://doi.org/10.1021/jacs.0c06159
https://doi.org/10.1002/anie.201607867
https://doi.org/10.1002/anie.202007681
https://doi.org/10.1002/anie.201608249
https://doi.org/10.1039/C8NR06917D
https://doi.org/10.3389/fchem.2021.619052
https://doi.org/10.1186/s40880-018-0299-7
https://doi.org/10.1063/1.1740320
https://doi.org/10.1098/rspa.1955.0115
https://doi.org/10.1021/JA01497A069


20 Bykov AY, Mal’tseva NN, Generalova NB, Zhizhin KY, Kuznetsov
NT. Russ J Inorg Chem, 2013, 58: 1321–1323

21 Yan Y, Li HW, Maekawa H, Aoki M, Noritake T, Matsumoto M,
Miwa K, Towata S, Orimo S. Mater Trans, 2011, 52: 1443–1446

22 Friedrichs O, Remhof A, Hwang SJ, Züttel A. Chem Mater, 2010, 22:
3265–3268

23 Colombier M, Atchekzaï J, Mongeot H. Inorg Chim Acta, 1986, 115:
11–16

24 Gigante A, Duchêne L, Moury R, Pupier M, Remhof A, Hagemann H.
ChemSusChem, 2019, 12: 4832–4837

25 Makhlouf JM, Hough WV, Hefferan GT. Inorg Chem, 1967, 6: 1196–
1198

26 Power D, Spalding TR. Polyhedron, 1985, 4: 1329–1331
27 Ellis IA, Gaines DF, Schaeffer R. J Am Chem Soc, 1963, 85: 3885
28 Miller HC, Miller NE, Muetterties EL. J Am Chem Soc, 1963, 85:

3885–3886
29 Miller HC, Miller NE, Muetterties EL. Inorg Chem, 1964, 3: 1456–

1463
30 Geis V, Guttsche K, Knapp C, Scherer H, Uzun R. Dalton Trans,

2009, 2687
31 Briguglio JJ, Carroll PJ, Corcoran Jr. EW, Sneddon LG. Inorg Chem,

1986, 25: 4618–4622
32 Adams RM, Siedle AR, Grant J. Inorg Chem, 1964, 3: 461
33 Wang J, Steenhaut T, Li HW, Filinchuk Y. Inorg Chem, 2023, 62:

2153–2160
34 Jing Y, Wang X, Han H, Liu XR, Yu XC, Chen XM, Wei D, Wang LS,

Chen X. Sci China Chem, 2024, 67: 876–881
35 Chen XM, Ma N, Zhang QF, Wang J, Feng X, Wei C, Wang LS,

Zhang J, Chen X. J Am Chem Soc, 2018, 140: 6718–6726
36 Chen X, Liu XR, Wang X, Chen XM, Jing Y, Wei D. Dalton Trans,

2021, 50: 13676–13679
37 Chen XM, Jing Y, Kang JX, Wang Y, Guo Y, Chen X. Inorg Chem,

2021, 60: 18466–18472
38 Han H, Wang YY, Yu XC, Ma YN, Chen X. Crystals, 2022, 12: 1339
39 Ma YN, Ren H, Wu Y, Li N, Chen F, Chen X. J Am Chem Soc, 2023,

145: 7331–7342
40 Qiu P, Chen X, Zhang W, Zhang G, Zhang Y, Lu Z, Wu Y, Chen X.

Angew Chem Int Ed, 2024, 63: e202401480
41 Ma YN, Gao Y, Ma Y, Wang Y, Ren H, Chen X. J Am Chem Soc,

2022, 144: 8371–8378
42 Chen XM, Ma N, Liu XR, Wei C, Cui CC, Cao BL, Guo Y, Wang LS,

Gu Q, Chen X. Angew Chem Int Ed, 2019, 58: 2720–2724
43 Han H, Liu XR, Gao YM, Liang SS, Jing Y, Li HJ, Chen X. Inorg

Chem, 2024, 63: 13886–13892
44 Freeguard GF, Long LH. Chem Ind, 1965, 11: 471
45 Brown HC, Tierney PA. J Am Chem Soc, 1958, 80: 1552–1558
46 Hamilton EJM, Jordan EJM, Meyers EA, Shore SG. Inorg Chem,

1996, 35: 5335–5341

7Jing et al. Sci China Chem

https://doi.org/10.1134/S003602361311003X
https://doi.org/10.2320/matertrans.MA201002
https://doi.org/10.1021/cm100536a
https://doi.org/10.1016/S0020-1693(00)87692-6
https://doi.org/10.1002/cssc.201902152
https://doi.org/10.1021/ic50052a028
https://doi.org/10.1016/S0277-5387(00)84128-5
https://doi.org/10.1021/ja00906a032
https://doi.org/10.1021/ja00906a033
https://doi.org/10.1021/ic50020a026
https://doi.org/10.1039/B821030F
https://doi.org/10.1021/ic00246a005
https://doi.org/10.1021/ic50013a040
https://doi.org/10.1021/acs.inorgchem.2c03810
https://doi.org/10.1007/s11426-023-1852-9
https://doi.org/10.1021/jacs.8b03785
https://doi.org/10.1039/D1DT01892B
https://doi.org/10.1021/acs.inorgchem.1c03037
https://doi.org/10.3390/cryst12101339
https://doi.org/10.1021/jacs.2c13570
https://doi.org/10.1002/anie.202401480
https://doi.org/10.1021/jacs.2c03031
https://doi.org/10.1002/anie.201812795
https://doi.org/10.1021/acs.inorgchem.4c00945
https://doi.org/10.1021/acs.inorgchem.4c00945
https://doi.org/10.1021/ja01540a011
https://doi.org/10.1021/ic960433w

	Facile synthesis of the dodecahydridododecaborate (B12H122−) from borane Lewis base adducts 
	Introduction� ion�
	Results and discussion� ion�
	The selection of appropriate borane Lewis base adduct for synthesizing the B  the B12H122− anion�
	The facile synthesis of B s of B12H122− via thioether borane adducts�
	The formation of (CH of (CH3)3S+ cation�
	The formation mechanisms of B s of B12H122−�
	Experimental verification of the mechanisms� nisms�

	Conclusions� ons�


