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ABSTRACT

Diazonium salts were found to be useful intermediates for many applications. Although 
few salts were isolated, they were found to be short-lived. Charged boron cages have 
been known to be weakly coordinating anions. The cages were used to isolate short 
lived cations for characterizations and further reactions. In this study, we have facilitated 
dodecaborate dianion and carborate anion to isolate and characterize diazonium 
cations. With these cages, it was found that diazonium cation was stable more than a 
month at ambient conditions.

1. Introduction

Since the discovery of aryl diazonium salts by Griefs in 
1858 [1], they have been used in numerous application 
areas. The most common one is dyeing. When 
diazonium salts undergo diazo-coupling reactions, 
diazo compounds are produced with great coloring 
features [2,3], and some of the important diazo dyes 
are shown in Figure 1a. Other than dyeing, some of 
the diazo compounds have antimicrobial, anticancer, 
antibacterial, antioxidant, antibiotic, antifungal 
and anti-HIV activity (Figure 1b) [4-7]. Moreover, 
some diazo compounds are known to be used in 
photoelectronics, optical recording and gas storage 
[8,9]. Also, aryl diazonium salts which have strong 
electrophilic character arising from the reactivity of 
diazonium group, can be used in Sandmeyer reactions, 
Balz-Schiemann reaction, Pschorr reaction, Meerwein 
reaction, Gomberg-Bachmann reaction and palladium 
catalyzed cross-coupling reactions [10-18].

The syntheses of aryl diazonium salts are 
straightforward. Starting with acidifying an aniline 
derivative and proceeding through addition of a nitrite 
resulting an aryl diazonium salt (Figure 2) [19,20]. 
Due to the high reactivity of diazonium cation, they 
must be kept at low temperature [21]. In the literature, 
there are many incidents reported coming from the 
unstable nature of aryl diazonium cations such as wild 
decomposition or explosion [22]. In order to use aryl 
diazonium cations in further reactions, they should be 
treated with the nucleophile in the same environment 
where they were formed [17,23-28]. Meanwhile, these 
cations can be stabilized by tosylates, disulfonamides, 
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Figure 1. Examples of diazo compounds produced from 
diazonium salts a). used as dyes and b). that have biological 
activity.
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Mordant Black

Blue Direct Dye
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funnel and a stopper was charged with 30 g (0.793 mol) 
NaBH4 and 150 mL of diglyme under Ar atmosphere. 
The silicon oil bath was heated to 120ºC to dissolve 
the sodium borohydride in the reaction mixture. 62.5 g 
(0.246 mol) I2 was dissolved in 200 mL of diglyme and 
added to the dropping funnel. The solution of iodine in 
diglyme was added to the solution containing sodium 
borohydride dropwise in 6 hours. After the addition, the 
solution was stirred overnight at 120ºC. Temperature 
of the oil bath was increased to 185ºC and the solution 
was stirred for 1 day. The solvent was removed with 
distillation. 143 mL of distilled water was added to the 
residue and 84 mL 37% HCl was added to the reaction 
mixture slowly. The reaction vessel was stored in 
refrigerator overnight for completion of the formation 
of boric acid. The reaction mixture was filtered and 
boric acid was collected. To the filtrate, 150 mL Et3N 
was added and white crystals of triethylammonium salt 
of dodecahydro-closo-dodecaborate were started to 
form immediately. The expected product was collected 
by filtering the reaction mixture. (15.728 g, 0.046 mol, 
68.9%) IR: 2473 cm-1 (B-H str.), 3125 cm-1 (N-H str.)

2.2.2. Synthesis of sodium salt of 
dodecahydro-closo-dodecaborate

2.2 equivalent of NaOH was dissolved in distilled 
water and 1 equivalent of triethylammonium salt 
of dodecaborate was added into the solution. The 
solution was heated and stirred until it became clear. 
Then, the solvent was removed and the obtained solid 
was the expected sodium salt of dodecaborate.

2.2.3. Synthesis of sodium salt of 
dodecachloro-closo-dodecaborate

0.51 g (12.7 mmol, 2.2 eqv.) NaOH was dissolved in 
water and 2 g (5.8 mmol, 1 eqv.) (Et3NH)2B12H12 was 
added to the solution. The solution was heated and 
stirred until it became clear. Solvent was removed and 
Na salt of B12H12

2- was obtained. Obtained Na2B12H12 
was mixed with MeCN (~60 mL) and SO2Cl2 (~60 
mL) was added to the suspension dropwise and the 
solution became yellow. The solution was stirred for 
20 minutes without applying heat and then, refluxed 
for 1 day. Solvent was removed and the residue was 
the expected compound. IR: 1031 cm-1 (B-Cl str.) Also, 
disappearance of the belonging to B-H stretching 
proved the product formation. 

2.2.4. Synthesis of trimethylammonium salt of 
tetradecahydro-nido-undecaborate

30 g (0.793 mol) NaBH4 and 150 mL of diglyme were 
charged into a 3-necked round bottom flask equipped 
with a dropping funnel, a condenser (connected to an 
acetone trap) and a stopper under Ar atmosphere. 
Temperature of the silicon oil bath was raised to 120ºC 
for complete dissolution of sodium borohydride. 125 
mL (0.995 mol) BF3.OEt2 was added to the solution 
dropwise with dropping funnel in 5 hours. Then, the 
reaction mixture was cooled to room temperature 

hexafluorophosphates and tetrafluoroborates which 
are considered as the most effective anions to stabilize 
aryl diazonium cations but not as good as expected 
[22,29].

Figure 2. Synthesis of aryl diazonium cations.

Figure 3. a). Conversion of benzenediazonium 
tetrafluoroborate into fluorobenzene upon heating. b). 
dodecahydro-closo-dodecaborate, c). mono-carba-closo-
deodecaborate and d). dodecachloro-closo-dodecaborate.

The famous stabilized diazonium salt is the salt of tet-
rafluoroborate anion. However, this salt could lead to 
fluoroaryl compounds upon heating. (Figure 3a) [11]. 
Besides, this compound is not as stable as it is ad-
vertised. A new stabilizing anion is needed. Charged 
boron clusters are known to stabilize cationic interme-
diates [30,31]. For this purpose, dodecahydro-closo-
dodecaborate, dodecachloro-closo-dodecaborate and 
mono-carba-closo-dodecaborate (Figure 3b-d) could 
be used which are synthesized in our laboratory ac-
cording to the literature [32-35]. These boron clusters 
are accepted as weakly coordinating anions which 
have low affinity for coordination to their counter cat-
ions [36]. Also, these anions have high thermal stabil-
ity and high chemical stability [37].
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2. Materials and Methods

2.1.  Materials

All chemicals were purchased from Sigma-Aldrich 
(USA). IR spectrums were measured with Thermo 
Scientific Nicolet iS10 Atr-IR (USA).

2.2. Synthesis of Boron Clusters

2.2.1. Synthesis of triethylammonium salt of 
dodecahydro-closo-dodecaborate

A 3-necked round bottom flask equipped with a 
condenser (connected to an acetone trap), a dropping 
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(RT) and suction filtration was applied. During the 
filtration process, both the reaction flask and the solid 
were washed with diglyme until the solid becomes 
white. To the filtrate, solvent exchange procedure 
was applied with portions of 150 mL distilled water 
(total 1050 mL) and the evaporated liquid was nearly 
1060 mL. Resulting solution was cooled to RT and 
6.5 g (0.068 mol) trimethylammonium chloride was 
added to the solution. The solution was stored in 
refrigerator overnight and filtered. Obtained solid was 
dissolved in acetone and heated to reflux. Distilled 
water was added to the solution until cloudiness was 
observed. The solution was cooled to RT and stored 
in refrigerator overnight. The solution was filtered and 
the collected solid was dried yielding 5.8 g (0.03 mol, 
41.7%) (CH3)3NHB11H14. IR: 2501 cm-1 (B-H str.), 3169 
cm-1 (N-H str.).

2.2.5. Synthesis of trimethylammonium salt of 
mono-carba-closo-dodecaborate

5.0 g (0.026 mol) trimethylammonium salt of 
tetradecahydro-nido-undecaborate was dissolved 
in freshly distiled THF under Ar atmosphere and 
cooled to 0ºC in an ice bath. 17.5 g (0.648 mol) NaH 
was washed with hexane and added to the solution 
slowly. The solution was stirred for 1 hour at RT 
and solvent was removed. After evaporation, freshly 
distilled THF was added to the flask to dissolve the 
solid. Then, 12.5 mL (0.156 mol) CHCl3 was added 
slowly at 0ºC. The solution was stirred for 1 hour at 
RT and EtOH was added to the solution dropwise 
at 0ºC and allowed to stir overnight. Next day, the 
solvent was removed and distilled water was added 
to the residue. The solution was acidified with 40 
mL of 37% HCl + 80 mL of distilled water. After the 
acidification process, trimethylammonium chloride 
was added to the solution and filtered. Obtained solid 
was dissolved with minimum amount of MeOH with 
heating and after all the solid was dissolved, distilled 
water was added to the solution and filtered. To the 
filtrate, trimethylammonium chloride was added and 
some precipitation occurred. The desired product 
was collected with filtration yielding 0.18 g (0.9 mmol, 
3.41%). IR: 3172 cm-1 (N-H str.), 3037 cm-1 (C-H str.), 
2525 cm-1 (B-H str.).

2.2.6. Synthesis of sodium salt of 
mono-carba-closo-dodecaborate

2.2 equivalent of NaOH was dissolved in distilled 
water and 1 equivalent of triethylammonium salt 
dodecahydro-closo-dodecaborate was added into the 
solution. The solution was heated and stirred until it 
became clear. Then, the solvent was removed and 
the obtained solid was the expected sodium salt of 
dodecahydro-closo-dodecaborate.

2.3. General Synthesis of Different 
Benzenediazonium Salts of Boron Clusters

2.3.1. Synthesis of diazonium salts 

of dodecahydro-closo-dodecaborate, 
dodecachloro-closo-dodecaborate

2 equivalent of an aniline derivative was mixed with 2 
M HCl solution. 2.5 equivalent of NaNO2 was dissolved 
in distilled water and added to the solution slowly at 
0ºC. The solution was stirred for 1 hour. 1 equivalent of 
sodium salt of dodecaborate was dissolved in distilled 
water and added to the solution slowly at 0ºC. The 
solution was stirred for 2 hours and after the filtration, 
expected compound was obtained by filtration. IR: 
ca. 2200 cm-1 (-N≡N str.), ca. 2400 cm-1 (B-H str.), ca. 
1030 cm-1 (B-Cl str.)

2.3.2. Synthesis of diazonium salts of 
mono-carba-closo-dodecaborate

1 equivalent of an aniline derivative was mixed with 2 M 
HCl solution. 1.25 equivalent of NaNO2 was dissolved 
in distilled water and added to the solution slowly at 
0ºC. The solution was stirred for 1 hour. 1 equivalent of 
sodium salt of dodecaborate was dissolved in distilled 
water and added to the solution slowly at 0ºC. The 
solution was stirred for 2 hours and after the filtration, 
expected compound was obtained by filtration. IR: 
ca. 2200 cm-1 (-N≡N str.), ca. 2520 cm-1 (B-H str.), ca. 
3030 cm-1 (C-H str.).

3. Results and Discussion

Dodecahydro-closo-dodecaborate was synthesized 
according to the reported literature with modifications 
(Figure 4a) [32]. The procedure starts with ensuring 
the reaction setup was under inert atmosphere by 
flushing Argon through setup. Sodium borohydride 
was suspended in diglyme. Before addition of iodine 
to the borohydride, the complete dissolution of NaBH4 
was attained at 105-110ºC. Then, iodine in diglyme 
was added dropwise at this temperature. Faster 
addition resulted in lower yields for the dodecaborate. 
With the iodine addition over, the reaction mixture was 
stirred for 12 hours at this temperature to ensure that 
the conversion of all BH3 to B3H8

-. Then, the reaction 
mixture was brought to reflux temperature and kept 
at that temperature for 24 hours. The cooled reaction 
mixture was added water to quench the reaction. With 
solvents removed, the formed B(OH)3 was separated, 
and B12H12

2- was precipitated as triethylammonium 
salt. The IR spectrum of triethylammonium salt of 
dodecahydro-closo-dodecaborate (Figure 4b) shows 
the characteristic peaks as 2475 cm-1 for B-H stretching 
and 3125 cm-1 for N-H stretching in the cation.

With dodecaborate in hand, perchlorination of the 
dodecaborate was performed with refluxing the 
dodecaborate with sulfuryl chloride (Figure 5a). 
The perchlorinated dodecaborate was separated 
as sodium salt. This salt was characterized with 
IR spectroscopy. The IR spectrum of the obtained 
compound (Figure 5b) shows B-Cl stretching at 1030 
cm-1. Also, disappearance of the peak belonging to 
B-H stretching proves the product formation.
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Figure 5. a). Synthesis of dodecahloro-closo-dodecaborate, 
b). IR Spectrum of dodecachloro-closo-dodecaborate.

Figure 6. a). Synthesis of mono-carba-closo-dodecaborate, 
b). IR Spectrum of undecahydro-nido-undecaborate, c). IR 
Spectrum of mono-carba-closo-dodecaborate.

Figure 4. a). Synthesis of triethylammonium salt of 
dodecahydro-closo-dodecaborate, b). IR Spectrum of 
triethylammonium salt of dodecahydro-closo-dodecaborate.

With that in mind, they could also be used to 
stabilize aryldiazonium cations. In order to test 
this hypothesis, first, aniline was converted into 
benzenediazonium cation by reacting with NaNO2 
in the presence of an acid at 0ºC. As soon as the 
sodium salt of dodecaborates (dodecahydro-closo-
dodecaborate, dodecachloro-closo-dodecaborate and 
mono-carba-closo-dodecaborate) were added onto 
benzenediazonium cation, precipitates were formed 
(Figure 7). The precipitates were characterized with 
IR spectroscopy. The spectra showed characteristic 
peaks for diazonium cations ca. 2200 cm-1 and for 
B12H12

2-, B-H str., ca. 2480 cm-1, for B12Cl12
2-, B-Cl str., 

ca. 1030 cm-1, for CB11H12
-, B-H str., ca. 2520 cm-1 and 

C-H str., ca. 3000 cm-1. However, in the IR spectra of 
1b and 1c, peaks belonging to diazo group (-N=N-) 
were also observed. Figure 7 shows the IR spectra for 
the benzenediazonium salts (Figure 8). 

After stabilizing benzenediazonium cation 
with dodecahydro-closo-dodecaborate (1a), 

For the synthesis of mono-carba-closo-dodecaborate, 
Michl’s method was followed with modifications (Figure 
6a). For that, tetradecahydro-nido-undecaborate 
was synthesized by following Dunk’s method from 
NaBH4 treated with BF3.OEt2 and characterized by IR 
Spectroscopy (Figure 6b). The undecaborate anion 
was then treated with dichlorocarbene which was 
generated in situ from chloroform yielded the carborate. 
The carborate was characterized by IR spectroscopy 
and HRMS. The characterization of the salt was done 
with IR Spectroscopy which shows characteristic B-H 
stretching at 2525 cm-1 and C-H stretching at 3037 
cm-1 (Figure 6c).

It is known that the charged borate cages could be 
used to stabilize cationic intermediates [38].
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Figure 7. Stabilization of benzenediazonium cation with a). 
dodecahydro-closo-dodecaborate, b). dodecachloro-closo-
dodecaborate and c). mono-carba-closo-dodecaborate

Figure 8. Benzenediazonium salts of a). dodecahydro-
closo-dodecaborate, b). dodecachloro-closo-dodecaborate 
and c). mono-carba-closo-dodecaborate

dodecachloro-closo-dodecaborate (1b) and mono-
carba-closo-dodecaborate (1c), some of the aniline 
derivatives (Figure 9) were also converted into 
aryldiazonium compounds and stabilized with 
dodecaborates.
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Figure 9. Some of the aniline derivatives that were 
stabilized with dodecaborates.
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First, compounds 2,4 and 5 were stabilized with 
dodecahydro-closo-dodecaborate (the salts forms 
numbered as 2a,4a and 5a) with the same procedure 
which aniline was subjected. Then, these compounds 
and also compound 1a were subjected into a stability 
test. The tests were applied with the help of IR 
spectroscopy. These compounds were characterized 
immediately after they were synthesized. Then, for 
4 weeks, they were characterized after each week 
ended. The results showed that dodecahydro-closo-
dodecaborate was a good stabilizer since all the IR 
spectra showed the same result (Figure 10). Apart from 
these compounds, compound 6 was also tried to be 
stabilized with the same procedure with dodecahydro-
closo-dodecaborate (6a). The compound 6a was 
immediately characterized with IR spectroscopy 
(Figure 10) but when it was fully dried under vacuum 
and tried to be transferred into a vial, it exploded.

After obtaining meaningful results from 4-week stabil-
ity tests with dodecahydro-closo-dodecaborate, it was 
decided to stabilize o-chlorobenzenediazonium (2), m-
chlorobenzenediazonium (3) and p-chlorobenzenedia-
zonium (4) cations with dodecachloro-closo-dodecab-
orate (2b, 3b and 4b). Same procedure was applied 
for stabilization process and characterizations of these 
salts were performed with IR spectroscopy. In IR spec-
tra of these compounds (Figure 12), there were peaks 
for both diazonium salt ca. 2200 cm-1 and diazo com-
pound ca. 1500 cm-1 as observed in IR spectrum of 1b.

Next, these three cations were also tried to be stabilized 
with mono-carba-closo-dodecaborate (2c, 3c and 4c). 
Same procedure was applied for stabilization process. 
The resulting compounds were characterized with IR 
spectroscopy. IR spectra of these compounds (Figure 
13) show peaks for diazonium salt ca. 2200 cm-1 and 
diazo compound ca. 1500 cm-1 as observed in the IR 
spectrum of 1c.
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Figure 10. Stability test results of a). benzenediazonium 
cation, b). o-chlorobenzenediazonium salt, 
c). p-chlorobenzenediazonium cation and 
d). p-hydroxybenzenediazonium cation with 
dodecahydro-closo-dodecaborate

(a)

(b)

(c)

(d)

Figure 11. IR spectrum of p-nitrobenzenediazonium salt of 
dodecahydro-closo-dodecaborate.

Figure 12. IR spectra of a). o-chlorobenzenediazonium 
cation, b). m-chlorobenzenediazonium cation and 
c). p-chlorobenzenediazonium cation stabilized with 
dodecachloro-closo-dodecaborate.
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4. Conclusions

In this study, dodecaborate and carborate anions are 
synthesized successfully in our laboratories. These 
anions were known to be weakly coordinating anions. 
With this in mind, we employed these anions to stabilize 
and capture aryldiazonium cations. The aryldiazonium 
borate salts were found to be stable for months under 
ambient conditions as judged by IR spectroscopy. 
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