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Figure 3.2 shows thermocouple magnetic stirrer (A), oil bath (B), two-necked round 

bottom flask, NaBH4 in diglyme (C), dropper with as equalizer, BF3.O(CH2CH3)2 (D), 

reflux condenser (E), trap (F), acetone trap (G). This is our simpler reaction setup. 

Na+ salt of undecaborate (nido-B11H14
-) anion was synthesized according to Dunks’ 

method (Dunks & Ordonez, 1978). Dunks and co-workers used mechanical stirrer, 

reservoir, pump, receiver and dry ice condenser which form very complicated setup 

for this synthesis. Firstly, setup was adapted to our laboratory conditions to reduce the 

expenses and to eliminate time-consuming steps within the safety rules. This setup 

was the simplest one to use for these reactions in our laboratory as shown in Figure 

3.2. Lower boranes are volatile which can be pacified with acetone, so acetone trap 

(G) has to be used to prevent breathe of unpredictable borane gases in case of their 

toxicity and presence in air.  

Stirring rate should be high enough during this reaction to prevent solidifying of 

precipitates. Using mechanical stirrer might work better however, using available lab 

equipments were preferred. Before starting to reaction NaBH4 was added to the 

reaction medium with stirring bar and all set up was prepared on them. Reaction 

medium was flashed with argon and continued to addition of argon gas with balloon 

during all steps. Diglyme addition was done from sealed bottle of diglyme to septum 

closed reaction medium with syringe. NaBH4 in diglyme was heated to 105 ºC, before 

the addition of BF3.O(C2H5)2 through dropping funnel. After reaching to 105 ºC, 

addition of BF3.O(C2H5)2 was started and done slowly to keep ca. 0.5 ml/min rate. 

During this reaction, it was shown in previous studies that there is also B3H8
- anion 

formation (Scheme 3.2) (Dunks & Ordonez, 1978). Dunks and coworker were also 

synthesized B11H14
-from B3H8

- anion. 

 

Scheme 3.2. Formation of triborate during the synthesis of undecaborane. 
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According to their studies, it was proposed an overall reaction for the synthesis of 

B11H14
- from NaBH4 (Scheme 3.3). 

 

Scheme 3.3. Synthesis of nido-undecaborate from NaBH4 

The yield of compound 1 was calculated according to this stoichiometry. However, 

this stoichiometry is for [Na+][B11H14
-], yield (41 %, assuming NaBH4 is limiting 

reagent) was calculated for [(CH3)3NH+][B11H14
-] and assumed all synthesized sodium 

salts were converted to trimethylamine salt. 

When the reaction was over, the reaction mixture was filtered to remove NaBF4. The 

solution was evaporated careful enough not to dry it to dryness. As diglyme was 

lessened by evaporation, water was added to exchange diglyme with water. After all 

diglyme was evaporated with water, then water phase was taken out of rotary 

evaporator. 

 

Scheme 3.4. Cation exchange reaction of 1. 

As shown in Scheme 3.4, cation exchange reaction was done for Na+ salt of B11H14
- to 

isolate this compound from water. Water was chosen as a solvent because (CH3)3NH+ 

salt of nido-B11H14
- has limited solubility in water. With the help of water-diglyme 

azeotrope, diglyme was removed from reaction medium. Na+ salt of it can easily 

dissolve in water but trimethylammonium salt of it can be crystallized in water. 

NaB11H14 is pyrohoric. Hence, cation exchange reaction was done from Na+ to 

(CH3)3NH+, not only for isolation of compound but also to make the salt stable. 1H 
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NMR of nido-B11H14
- in d6-acetone shows, B-H peaks ranging from 0.7-2.5 ppm due 

to boron coupling. This characteristic of nido-B11H14
- 1H NMR spectrum. 

 Synthesis of [(CH3)3NH+][closo-CB11H12
-], (3) 

Before starting the synthesis of [(CH3)3NH+][closo-CB11H12
-] (3), all required 

precautions should be taken. 

 

Scheme 3.5. Reaction conditions for compound 2 according to Method 1. 

Synthesis of compound 2 is not easy in terms of safety. That in our laboratory, several 

minor incidents occurred during the synthesis. The minor accidents could turn into 

extremely large accidents in the hands of unexperienced researchers. As mentioned in 

the experimental part, two methods were performed for synthesize of compound 2. 

First method is based on Michl’s method (Franken et al., 2001). By dichlorocarbene 

insertion to compound 1, compound 2 can be synthesized. As a starting material 

B11H14
- was preferred because as it was explained above, it can be synthesized in our 

laboratories. For this synthesis, after three unsuccessful attempt that resulted with 

explosions, synthesis was successfully achieved. These explosions thought as that 

amount of NaH should be at same equivalent of NaB11H14. In the reference paper used 

NaH was 100 % on the other hand in these reactions 60% NaH in mineral oil was used 

and the amount was calculated according to 100 % NaH and with little excess amount 

which might lose during washing step. 60 % NaH was washed with hexane to remove 

mineral oil. Removel of mineral oil is important for the yield of reaction. The reaction 

was carried out in THF, first NaH was added to convert (CH3)3NH+ into Na+ salt and 

also convert nido-B11H14
- into B11H13

2-. Then the solvent was removed to eliminate all 
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the (CH3)3N. Dry salt was dissolved in dry THF which was put under argon 

atmosphere. Then two separate syringes, EtOH and CHCl3 were added to this slurry 

slowly at 0 ºC. If temperature is ambient temperature, the reaction is so fast that it is 

difficult to control that the reaction explodes. 

The formation mechanism of CB11H12
- was studied by Josef Michl’s group using 

computational methods (Rempala & Michl, 2003). Hydride abstracts one proton of 

cage and borane cage will become dianion.  At this step in situ formed dichlorocarbene 

can be attached on boron atom whose proton was taken. At this step there is two 

different ways that both all them were plausible mechanisms. At the first one, the 

removal of chloride ion was continued by carbon insertion into the cage which still 

has one chloride on it. Then, it was assumed that mechanism goes on because of 

insoluble NaH. NaH continues to abstract protons from cage and with the acidic 

workup, cage was closed. At the second way, which is also possible that has lower 

activation energy during the removal of chloride ion and also hydronium ion by NaH. 

But has one more step than first one that cage reconstructs itself. (Scheme 3.6) 
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Scheme 3.6. Proposed mechanism for conversion of 1 to 2. B3LYP/6-31G (d,p) was used to calculate 
the reaction energies and activation barriers.(Rempala & Michl, 2003)  
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Method 2 was developed after explosions. Safety should be prior for scientists. nido-

B11H14
-, (1), was not isolated in method 2 and reaction was continued in the same 

reaction flask to synthesis compound 2. 

Scheme 3.7. Reaction conditions for compound 2 according to Method 2. 

Above mentioned reaction involves B11H14
- as (CH3)3NH+ salt. Then, to synthesize 

CB11H12
- and separation, this compound was converted back Na+ salt of it. This 

process was time consuming and involves risky steps in terms of safety. Therefore, 

we thought that after [Na+][B11H14
-] synthesis completed in diglyme and separation of 

NaBF4 from the reaction mixture, we could treat NaB11H14 with NaH in situ then, treat 

them with EtOH and CHCl3. This reaction also yields [Na+][CB11H12
-]. However, the 

purification steps were lengthy and difficult. Synthesized [Na+][B11H14
-] was kept in 

diglyme which was reaction solvent at fridge until next step was achieved. It was 



 

 
 

35 
 

assumed that formation yield of [Na+][B11H14
-] was 100 %. Hence, for the next step 

equivalents were calculated according to this assumption. Reaction solvent was 

homogeneous and taken portions assumed that have same amounts. 

For the synthesis CB11H12
-, steps were followed which were explained in experimental 

part. To avoid any explosion, excess EtOH can be added to the reaction after all 

additions were completed to inactivate excess NaH. Solution was acidified with HCl 

to be sure from protonation of carborane cage. After finishing reaction, yellow oily 

matter was observed which needs purification. Purification steps took many times 

until obtaining crystals from reaction by recrystallization. All purification steps were 

done by methanol and water by changing their ratios. Changing ratio did not work so, 

separation was also done during these crystallizations. Product was as a 

trimethylamine salt which can precipitated in water and can be dissolved in MeOH. 

After many trials, all solvents were combined in order not to lose any product and then 

evaporated. After evaporation, 30 ml MeOH was added and oily matter was tried to 

be dissolved. Then filtration was done. 20 ml more MeOH was also added to wash 

undissolved oily substance. Dissolved part was yellow and residual matter was white. 

Collected MeOH phase was evaporated until approximately 5 ml solvent was left in 

the flask and 30 ml distilled water was added. Solution was kept at hood for two days 

to observe crystals. Formed crystals were filtered and same procedure was applied 

again. In that way, more purified products can be obtained. 

 Synthesis and Derivatization of nido-B10H14, (3) 

For the synthesis of nido-B10H14, NaB11H14 is used as a starting material. Reaction 

setup is shown in Figure 3.2, NaB11H14 was used as synthesized without any 

purification. For the next step, water-diglyme azeotrope was also used to remove 

diglyme from reaction medium but with different way which was shown in Figure 3.3 

means by solvent exchange reaction. Dunks and coworkers were also synthesized 

decaborane(14) and their reaction conditions and setup were modified to our 

laboratory (Dunks, Palmer-Ordonez, & Hedaya, 1983). Highly complicated and high 
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price glass equipment was not used in our laboratory. Setup was designed in a simplest 

way to do this reaction easily and in a safe manner. 

 

Figure 3.3. Simple distillation setup for the synthesis of nido-B10H14
-, (4) 

Figure 3.3 shows thermocouple magnetic stirrer (A), oil bath (B), two-necked round 

bottom flask, NaBH4 in diglyme (C), dropper with gas equalizer, BF3.O(CH2CH3)2, 

H2SO4 aqueous solution and H2O2, respectively (D), condenser (E), round bottom 

flask to collect water (F). 
While changing reaction setup from reflux to distillation setup, the reaction content 

was under argon gas. It is important to add water drop by drop in order to prevent 

bubbling and high pressure because of formation of H2 and also to maintain same rate 

with the distillation. It is also necessary to give a vent to distillation apparatus in order 

not to pressurize the system. Solvent exchange step took three days until collecting 1 

L of azeotrope solution.  It might be better to use heating mantle in this step instead 

of oil bath to do faster distillation. After completed the addition of water to the diglyme 

solution of NaB11H14, FeSO4.5H2O and cyclohexane were added to the solution slowly 
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when reaction was in the ice bath. As B10H14 is hydrophobic material as it is formed, 

it is transferred into cyclohexane phase during the reaction. Aqueous solution of 

H2SO4 was cooled in the fridge not to add any hot solution to this exothermic reaction 

as described in the experimental section.  Then 30 % H2O2 was added to the dropper 

and added slowly to the reaction mixture. During all these steps, reaction was in ice 

bath and ice was renewed all the time in order to maintain temperature at 25-30 ºC. 

Moreover, stirring should be always on and at high rate to maintain homogeneous 

solution. At this step, solution cannot be kept. It should be separated from water and 

precipitates. As mentioned before, decaborane is hydrophobic but when it stays in 

contact with water it starts to decompose to smaller borane cages. Hence, cyclohexane 

and water phases were separated immediately after filtration of reaction. During 

filtration more cyclohexane was used to wash precipitates and to collect all the 

product. Separation was done in extraction funnel and also cyclohexane phase was 

washed with water in order to remove other water soluble side products which were 

might still in the cyclohexane solution after filtration like NaBF4, B(OH)3 and Na2SO4. 

The presence of B10H14 was confirmed by addition of quinoline in a test tube in 1 ml 

cyclohexane decaborane solution. A red complex is formed. This red complex shows 

us the presence of B10H14 (Hill, Merrill, Russell, Hill, & Heacock, 1959). After 

observing red complex all decaborane product was converted to acetonitrile-

decaborane complex to avoid from toxicity of decaborane and to easily undergo 

derivatization reaction. The decaborane acetonitrile complex was further 

characterized with IR spectroscopy. The peak at 2400 cm-1 shows the B-H stretching 

which is characteristic to borane cages. This is consistent with literature (Pérez, Sanz 

Miguel, & Macías, 2018). The reactions were summarized in Scheme 3.8 and Scheme 

3.9. 

 

Scheme 3.8. Overall reaction for the synthesis of nido-B10H14 
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Scheme 3.9. Formation of acetonitrile-decaborane complex. 

Decaborane(14) was kept in cyclohexane in order to prevent its contact with air. 

Hence, cyclohexane was taken with syringe from a closed round bottom flask and 

acetonitrile was added. Crystals were used as they are, that is, some cyclohexane 

stayed in reaction the medium. Cyclohexane does not have any effect to next step so, 

dodecaborane(14) was used as it is. Solution was taken to other closed round bottom 

flask with syringe for starting to this reaction. 60 ml of acetonitrile was added and 

condenser was set up upper side of the round bottom flask. Reaction was heated up to 

82 ºC with thermocouple and refluxed during 2 hours then stirred at ambient 

temperature for a day. By decantation all solvent was removed. 

 Synthesis of ortho-carborane 

Decaborane-acetonitrile complex is known to react with acetylenic compounds to 

form ortho-carborane derivatives.  In order to prove this in our laboratories, we treated 

decaborane-acetonitrile complex with diphenyl acetylene under reflux conditions. The 

reaction yielded 1,2-Diphenyl dodecacarborane. The structure was confirmed by a 1H 

NMR and 11B NMR spectra. In 1H NMR spectrum, the peaks around 7-7.5 ppm are 

for the protons on the phenyl rings. 11B NMR of this compound shows the formation 

of Diphenyl ortho-carborane (Kahlert et al., 2015). 
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Scheme 3.10. Formation of 1,2-Diphenyl dodecacarborane(10) 

Synthesized ortho-carborane was 1,2-Diphenyl dodecacarborane(10) which has two 

phenyl groups on carbon atom. Carbon atoms are in ortho-positions in borane cage. 

Reaction was performed by addition of diphenylacetylene to acetonitrile-

dodecaborane cage and refluxing reaction at 105 ºC in toluene. By the evaporation of 

the solvent and purification by recrystallization in chloroform 1,2-Diphenyl 

dodecaborane(10) crystals were observed. 1H NMR spectrum shows aromatic peaks.  

 Synthesis of closo-dodecaborate(12), [(CH3CH2)3NH+]2[B12H12
2-], (7) 

Synthesis of dodecaborane (7) was also started from NaBH4 which can be easily 

handed and found in laboratory conditions. Same setup was also used for this reaction 

(Figure 3.2). In this reaction, dropper with a pressure equalizing sidearm (D) was used 

to add I2 in diglyme solution which was prepared one day before of the reaction. I2 in 

diglyme solution was prepared one day before the reaction to prepare homogeneous 

I2 solution because iodine solubility kinetics is slow in diglyme. However, with high 

rate stirring for many hours it can be dissolved completely. I2 (62.66 g, 0.25 mmol) 

was added into 100 ml round bottom flask and closed with septum. Argon gas was 

provided with balloon and opening with one syringe to ensure gas cycling in the flask. 

Then diglyme was taken from stock solution which is sealed, by 50 ml syringe with 

portions until complete needed amount diglyme and argon gas was given to the stock 

solution with balloon by making pressure from inside then added to the round bottom 

flask which has I2 inside. Addition was done slowly because bubbling. This solution 

was stirred for one day until starting to the reaction. 

All setup was flushed with argon, NaBH4 was added and stirring bar to a round bottom 

flask. Then, diglyme was added with syringe and stirring was started. Reaction was 

heated until 100 ºC and addition of I2 in diglyme solution was started drop by drop 

(0.5 ml/min, approximately 2 hours and 30 minutes).  10 more ml diglyme was also 

used to wash out I2 solids on dropping funnel. During the addition, insoluble NaBH4 

was slowly dissolved and yellow solution was observed. Dropping funnel was 



 

 
 

40 
 

removed from setup and reaction was stirred overnight at 100 ºC and at 185 ºC for one 

day under argon atmosphere. During this heating NaBH4 molecules formed B3H8
- at 

100 ºC and B3H8
- molecules were disproportionate to B12H12

2- and BH4
- at 185 ºC and 

white solids were observed in solution (Scheme 3.11). During this reaction, hydrogen 

and some small boranes (like diborane) escape from reaction so, hood should be well 

ventilated. Moreover, escaped compounds were trapped in acetone to provide extra 

protection. Then, reaction was cooled to room temperature and diglyme was 

evaporated in rotary evaporator.  White solids were remained after evaporation. The 

white solid was mainly composed of NaB12H12, NaBH4 and NaI (Scheme 3.11).  

 

Scheme 3.11. Formation equation for dodecaborane. 

White solids were dissolved in 180 ml distilled water and addition of water was also 

slow because of hydrogen evaluation. Then 84 ml HCl (37%) in 100 ml water was 

added drop by drop again the same reason. At the reference study, concentrated HCl 

was used but in our study used concentrated HCl caused to dark brown particles in 

reaction medium immediately and lower the yield. Hence, used HCl was diluted in 

our study and added drop by drop. During this addition, color change was also 

observed from white to green, blue, pink and yellow, respectively. HCl addition was 

done to remove formed NaBH4 from reaction medium as boric acid (Scheme 3.12). 

Acidified solution was kept at -4 ºC in fridge for a night to give time crystallization of 

boric acids. Formed colorless boric acid crystals were removed from solution by 

vacuum filtration. Residue was checked by IR and found to be boric acid (3177.12 

cm-1, 1403.08 cm-1, 1193.22 cm-1). Filtrate was taken in round bottom flask and 150 

ml (CH3CH2)3N was slowly added to the solution. During this addition color change 

was observed. Color change was observed from yellow, to red, to pink, to blue, to 

grey, to green and finally to white, respectively. Reaction was stirred overnight to 

complete precipitation of [(CH3CH2)3NH+]2[B12H12
2-]. 
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Scheme 3.12. Removal of sodium borohydride from reaction medium. 

For further purification of [(CH3CH2)3NH+]2[B12H12
2-], recrystallization was done in 

hot water, alternatively, cold water was added to crystals and stirred for 6 hours then 

filtered to get purified [(CH3CH2)3NH+]2[B12H12
2-] crystals. Boric acid is more soluble 

than [(CH3CH2)3NH+]2[B12H12
2-] in water. This crystallization step was repeated three 

times until boric acid peaks disappeared from the IR spectrum.  

B12H12
2- was characterized by IR and 11B NMR. IR spectrum shows a peak at 2476 

cm-1 which is consistent with the literature (Geis et al., 2009). Furthermore, proton 

coupled 11B NMR shows a doublet around -15 ppm.  

 Derivatization of dodecaborane, B12H12
2- 

[(CH3CH2)3NH+]2[B12H12
2-], (6) crystals were converted into [Ag+]2, (7) and [Cu2+], 

(8) salts and methylation reaction was done (Compound 9). Then completely 

methylated dodecaborane anion was converted to [Ag+]2, (10) (Scheme 3.13). 

 

Scheme 3.13. Cation exchange reaction of B12H12
2- 
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 Formation of silver salt of B12H12
2- 

For synthesis of [Ag+]2[B12H12
2-], (7), [(CH3CH2)3NH+]2[B12H12

2-] was suspended in 

deionized water and experimental procedure was performed. NaOH was used to 

convert triethyl ammonium salt to sodium salt and AgNO3 was added to form Ag+ salt 

of B12H12
2-. When addition was finished, a solid compound precipitated. The solid is 

Ag2B11H12 which is light sensitive.  All lights at laboratory and light of hood was 

turned off and the reaction was filtered. Residue was washed with deionized water in 

order to remove water soluble impurities.  Residue was dried to obtained compound 7 

as a grey color powder. Product did not dissolve in any solvent so allowing only IR 

analysis, IR spectrum of  Ag2B11H12 was recorded and shown in Figure 6.28. 

Carbocation formation could occur from organohalides. To abstract halogen atom 

from molecule, silver is facilitated. Silver halides precipitates and carbocation and 

anion remains in solution. If anion is a weakly coordinating anion like B12H12
2-or 

CB11H12
-, then carbocation will be naked and characterized in solution. That is why 

turning all boranes and carboranes into silver salt is a curial step for the 

characterization of carbocations.  

 Formation of copper salt of B12H12
2- 

In the synthesis of [Cu2+][B12H12
2-], (8), same procedure with the formation of silver 

salt until the evaporation of (CH3CH2)3N was applied. Then HCl (37 v %, 1 ml) was 

added drop by drop. CuSO4.5H2O was added to the reaction medium and solvent was 

evaporated under reduced pressure to the dryness. 25 ml MeOH was added on blue 

solids and solution became green color with precipitated white Na2SO4. Na2SO4 was 

separated from solution by filtration and filtrate was evaporated. After evaporation 

solution was turned to brown solids on the glass of reaction flask.  
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Figure 3.4. Compound 8 in MeOH solution with white sodium sulphate precipitates at the bottom. 

 Methylation of B12H12
2- 

Another derivatization reaction of [(CH3CH2)3NH+]2[B12H12
2-] is methylation reaction 

(Figure 3.14). All boron atoms on the cluster will be methylated after this reaction. 

100 ml one necked round bottom flask was taken, [(CH3CH2)3NH+]2[B12H12
2-] (0.50 

g, 1.45 mmol) was added. Magnetic stirring bar was also added and flask was closed 

with septum. Argon gas was given with balloon and opening was given by syringe 

head. Gas outlet with syringe head was given to reaction to prevent overpressure 

medium during additions. Then (CH3)3Al (2 M in Heptane, 40.00 ml) was added 

slowly and reaction was stirred for 20 minutes until gas evaluation and white 

cloudiness disappeared from the reaction medium. Then CH3I (3.00 ml, 48.00 mmol) 

was added slowly. Reaction was always under argon atmosphere and opening was still 

there until all cloudiness was disappeared from the reaction medium. After finishing 

additions, round bottom flask was taken into oil bath. Temperature was settled to 45 

ºC and stirred for one week. 
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Scheme 3.14. Methylation of compound 6 and further reactions. 

After one week, reaction was taken into sand-bath and settled with condenser. Before 

settled with condenser do not forget to grease sockets in order to prevent grip of 

glasses. Reaction temperature was raised to 150 ºC and stirred for one more week. 

After the heating process was completed, reaction was cooled to room temperature 

and solvent was evaporated. Formed solid part was stirred in n-pentane (50.00 ml) for 

20 minutes and decantation was done. N-pentane addition can be also performed by 

two portions to remove all excess (CH3)3Al. Stayed n-pentane was taken with glass 

pipette and ethanol (50.00 ml) was added drop by drop because of bubbling. Then 

reaction was stirred for 1 hour at room temperature. Filtration was done with sintered 

frit glass funnel by vacuum filtration. Filter paper does not work on this step because 

of formed jelly like solids. Solids on sintered frit glass funnel was washed with 

distilled water and then solids were dissolved in acetonitrile (100.00 ml) and filtered. 

For further purification recrystallization can be done with EtOH:Acetonitrile (10:1) 

by hot filtration (50 ºC).  
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 Formation of silver salt of B12(CH3)12
2- 

For the synthesis of [(CH3CH2)NH+]2[B12(CH3)12
2-], (10) (0.75 g, 1.45 mmol) was 

taken into 50 ml round bottom flask and 25.00 ml distilled water was added. Reaction 

was stirred for 5 - 10 minutes at ambient temperature to obtain homogeneous solution. 

However, compound 9 was not dissolved properly until the addition of NaOH (0.12 

g, 2.90 mmol) for cation exchange reaction. Cation of the salt was converted from 

(CH3CH2)3NH+ to Na+. NaOH was dissolved in distilled water, the alkaline solution 

was added to the triethyl ammonium salt. After addition and stirring for 30 minutes at 

ambient temperature, the reaction solution was evaporated at 90 ºC (Boiling point of 

(CH3CH2)3N is 89 ºC, for complete evaporation temperature was at 90 ºC). AgNO3 

(0.49 g, 2.90 mmol) was added into 25 ml round bottom flask which was covered with 

alumina foil and 10 ml deionized water was added. AgNO3 solution was stirred for 15 

minutes at ambient temperature and homogeneous solution was obtained. Before 

addition of AgNO3 solution, the reaction flask was covered up with aluminum foil and 

the product was protected from light. AgNO3 solution was added to reaction medium 

drop by drop. During the addition large quantity of dark brown solid compound 

precipitated, the reaction was stirred for 30 minutes at ambient temperature. Then all 

lights at laboratory and light of hood was closed and the reaction was extracted with 

Et2O and water. Organic phase was dried on MgSO4 and filtered. Organic solvent was 

evaporated to get the silver salt of permethylated dodecaborate. 

 Derivatization of dodeca-closo-carbaborane, CB11H12
- 

[(CH3)3NH+][CB11H12
2-], (2) crystals were methylated with above mentioned reaction. 

The same reaction conditions were applied to methylation of CB11H12 anion. 

Previously, such a reaction was accomplished with MeOTf (B. T. King, 2000). MeOTf 

is extremely reactive and toxic. Therefore elimination of this chemical from a reaction 

is desired. 

For the methylation reaction, [(CH3)3NH+][closo-CB11H12
-] (0.09 g, 0.44 mmol) was 

added to the 50 ml round bottom flask which was flashed with argon and closed with 
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septum. Argon was given with balloon and opening was given by syringe head. Gas 

outlet with syringe had was given to the reaction to prevent overpressure medium 

during additions until gas evaluation and white cloudiness were disappeared from the 

reaction medium. (CH3)3Al (2 M in Heptane, 10.00 ml) was added with syringe. Then 

CH3I (0.91 ml, 14.56 mmol) was added slowly, then, round bottom flask was taken 

into oil bath. Until addition of CH3I, dissolvation of reactant could not be observed. 

Temperature was settled to 45 ºC and stirred for one week. After one week, the 

reaction was taken into sand bath and settled with condenser. The reaction was stirred 

at 150 ºC for one more week. Before settled with condenser do not forget to grease 

sockets in order to prevent grip of glasses. After one week stirring at 150 ºC, the 

reaction was cooled to room temperature and the solvent was evaporated. Stayed solid 

part was stirred in n-pentane (20.00 ml) for 20 minutes and decantation was done. N-

pentane addition can also be done by two portions to remove all excess (CH3)3Al. 

Stayed n-pentane was taken with glass pipette. Ethanol (20.00 ml) was added and 

stirred for 1 hour at room temperature. Filtration was done with sintered frit glass 

funnel by vacuum filtration. Solids on sintered frit glass funnel was dissolved with 

water, collected in round bottom flask and (CH3)3N.HCl (0.10 g, 1.00 mmol) was 

added to convert all product to (CH3)3NH+ salt. Then, the reaction solution was stirred 

for 20 minutes at ambient temperature. 1 ml CH3OH was added for crystallization and 

kept in hood. CH3OH can dissolve product completely and in water (CH3)3NH+ salts 

can be precipitated so, they were chosen as a crystallization solvent with water. 

Formed crystals were filtered and dried on filter paper. Then, dissolved with acetone 

(10.00 ml) and solvent was evaporated. Acetone was used to purify product. While 

waiting for crystallization, little excess amount (CH3)3N.HCl can also be precipitated. 

Hence, acetone was used that only dissolve product not (CH3)3N.HCl.  

 Formation of Silver salt of  HCB11(CH3)11
- 

Reaction was done in 50 ml round bottom flask and [(CH3)3NH+][closo-

HCB11(CH3)11
-] (0.10 g, 0.29 mmol) was added into 20 ml deionized water. Then, 

NaOH (0.04 g, 1.05 mmol) was added and stirred at room temperature for 20 minutes. 
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Reactant cannot be dissolved in deionized water until the addition of NaOH for cation 

exchange reaction. Cation of the reactant was change to Na+ from (CH3)3NH+ after 

this step. Volatiles were removed under reduced pressure until half of the solvent was 

evaporated. Round bottom flask was covered with aluminia foil to protect product 

from light. AgNO3 solution (0.05 g, 0.30 mmol) was prepared in 10.00 ml deionized 

water in the 25 ml round bottom flask which was also covered with aluminia foil and 

was added drop by drop to the reaction medium. Color of the solution turned to dark 

brown from yellow during addition of AgNO3 solution. Reaction was stirred at room 

temperature for 1 hour. Then all lights at laboratory were closed and extraction was 

done with Et2O. Organic phase was dried over MgSO4 and filtered then evaporated. 

Extraction was done to remove water soluble side products like NaNO3. 

 

Scheme 3.15. Methylation of CB11H12
-  and further reactions. 
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CHAPTER 4  

 

4. CONCLUSIONS 

 

In this study, feasibility of synthesis of boron cages and carboranes were examined in 

our laboratories. The synthesis of such cages were successfully synthesized in our 

laboratories. Eleven and twelve vertex boron cages are relatively stable and were 

synthesized from NaBH4. Synthesis of such compounds are relatively hard and long 

in terms of safety. This study proved that such synthesis could be done as experience 

gained with many failed experiments with minor accidents.  

This study also proved that all of the carborane cages could be synthesized from 

NaBH4, a relatively cheap and easy to handle compound. The hydride was converted 

to undecaborate cage with action of a Lewis acid, BF3. Undecaborate was either 

converted to decaborane through an oxidation reaction or used as it is for the synthesis 

of CB11H12
-. Although these borate sodium salts are soluble in water, their (CH3)3NH+ 

salts are insoluble. This makes isolation of these compounds affordable. The 

(CH3)3NH+ salts are soluble in ethanol and methanol. With CB11H12 anion in hand, 

this compound could be converted to CB11(CH3)11H anion to increase the solubility of 

the salts in nonpolar solvents.  Such a process previously done with MeOTf and CaH2 

in sulfolane. In this study, we discovered that CH3I and Al(CH3)3 could do the 

methylation on CB11H12 anion where hydrides exchange with methyl group.  It was 

also shown that the methylated carborane anion’s cation could easily be exhnaged with 

other cations (With this many nacked cations could be prepared in our laboratories.). 

Such compounds could be used to capture carbocations and characterize them.  

Decaborane(14) was also successfully  synthesized from B11H14
-.  The decaborane was 

proven to converted to o-carborane derivatives with acetylenic substances.  
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B12H12
2- was also synthesized in the course of this study. The boron cage was 

synthesized from NaBH4 with action of I2. The dianion was converted to B12Me12
2- 

with MeI in the presence of AlMe3. This permethylated dianion could also be used in 

many cations counter anions. These, in turn, could be used in catalysis reactions or 

capturing different reactive dications.  

In short, this thesis proved that the strategically important boron and carborane cages 

could be synthesized in our laboratories. These compounds could also be further 

derivatized for many potential applications. Such synthesis need to be done by 

experienced persons. This experience was also gained through this study.   
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CHAPTER 5  

 

5. EXPERIMENTAL 

 

 Methods and Materials 

Caution ! During these reactions all required precautions should be taken! Gas mask, 

gloves, lab clothes and goggles should be used. All experiments should be done under 

good ventilated hood. 

Structural determinations of compounds were done with the instruments as written 

below. 1H and 13C nuclear resonance spectra of compounds were recorded in CDCl3, 

d6-DMSO, d6-Acetone and D2O with Bruker Avance III Ultrashield 400 Hz NMR 

spectrometer. Chemical shifts were given in parts per million (ppm) with TMS as 

internal reference or with the chemical shift of the solvent which is also referenced to 

TMS. 11B NMR spectra of compounds were recorded in 5 ml d6-Acetone and D2O 

with Magritek Spinsolve benchtop 60 MHz NMR spectrometer. 1H, 13C and 11B NMR 

spectra of products were given in Appendix A. NMR spectra were processed with 

MestReNova processor. 

Infrared spectra were recorded with Thermo Scientific Nicolet iS10 ATR-IR 

spectrometer. Peak positions were reported in reciprocal centimeter (cm-1). IR spectra 

of products were given in Appendix B. IR spectra were further processed with 

OriginPro 2016 program. 

All starting materials and solvents were purchased from Sigma Aldrich and were used 

without further purifications. 
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 Synthesis of [Na+][nido-B11H14
-], (1) (Dunks & Ordonez, 1978) 

 

NaBH4 (30.00 g, 0.79 mol) was added into three necked round bottom flask and a big 

stirring bar was used to stir reaction. One neck of the round bottom flask was used for 

dropper, second one closed with septum and used for solvent addition. Argon gas was 

purged through all the setup (Figure 3.2) and diglyme (230.00 ml) was taken with 

syringe from sealed diglyme glass bottle and was added to the round bottom flask. 

Reaction was stirred and heated until 105 ºC. Dropping funnel was filled with 

BF3.O(C2H5)2 (195.70ml, 1.60mol) and when reaction temperature rich to 105 ºC, 

BF3.O(C2H5)2 addition was started drop by drop from dropping funnel. Precipitates 

were formed during addition. After completion of addition reaction was stirred one 

more hour at 105 ºC, then cooled to room temperature. Reaction color was yellow. 

Reaction solution was filtered from medium frit with pump. Until all precipitates were 

formed to white color, they were washed with diglyme. Our product was in diglyme 

solution and without isolation it was used for further reaction. 

Caution !  

During this reaction because of hydrogen evolution and other small boron cages, 

acetone trap should be used and all required precautions should be taken before 

starting to this experiment. 
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 Cation exchange of Compound 1 from Na+ to (CH3)3NH+ 

 

Diglyme solution of sodium salt of compound 1 was evaporated until half of it 

evaporated with rotary vacuum evaporator and drop by drop distilled water (as 50 ml 

portions totally 300 ml) was added and continued to evaporation of azeotrope solution 

(diglyme and water). This step was repeated six times until all diglyme was 

evaporated. (CH3)3N.HCl (40.00 g, 0.40 mol) was added in to the homogeneous 

solution of compound 1 (sodium salt) and water. Immediately white crystals were 

formed and collected with filtration by using medium frit pump filtration. For further 

purification acetone recrystallization or washing with diethyl ether to remove yellow 

impurities can be done. Yield; 6.00 g, 0.031 mol, 41 %. 

 Synthesis of [(CH3)3NH+][closo-CB11H12
-], (2) (Franken et al., 2001) 

 

Method 1 

Trimethylamine salt of compound 1 (6 g, 31.06 mmol) was dissolved in fresh distilled 

THF (120.00 ml) in the one necked round bottom flask. Argon gas was given to 

reaction and reaction medium was cooled to 0 ºC in an ice bath. NaH (60 w%, 20.00 

g, 0.53 mol) was firstly washed with hexane (50 ml) to remove mineral oil and added 
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to reaction slowly at 0 ºC. Remaining NaH solution was washed with ethanol. After 

30 min stirring at room temperature THF was evaporated to dryness under reduced 

pressure. After evaporation 100 ml THF and 5 ml CHCl3 were added slowly and 

respectively to reaction.  Reaction mixture was stirred for 2 hours at room temperature 

and ethanol (10 ml) was added drop by drop at 0 ºC and continued to stir reaction 

solution for 4 hours at ambient temperature. All reactions were performed under argon 

atmosphere. Distilled water (150 ml) was added drop by drop and THF was evaporated 

under reduced pressure. The reaction solution was acidified by addition of HCl (37 

v%, 25.00 ml in 40.00 ml distilled water). Acidification was monitored with blue 

litmus paper. Residual THF and ethanol were also evaporated. Me3N.HCl (7.00 g, 

73.24 mmol) was added to aqueous reaction mixture and white precipitates were 

formed. Solution was filtered and precipitates was collected. For further purification, 

methanol/hot water (1:9) recrystallization was done to yield 1.5 g of compound 2 (7.38 

mmol, 23.82 %). 

Method 2 

Diglyme solution of compound 1 (50 ml solution; 2.00 g, 13.00 mmol NaB11H14) was 

taken with syringe and added into the 250 ml round bottom flask which is closed with 

septum and filled with argon gas. Reaction was stirred at 0ºC in an ice-bath.  NaH 

(4.40 g, 0.18 mol) was taken in a small beaker and washed with 20 ml distilled hexane. 

By decantation hexane and NaH was separated and nearly dry NaH was slowly added 

to the round bottom flask with spatula. After addition was completed, flask closed 

with septum and argon gas was given in a medium. Then, ethanol (10.00 ml) and 

CHCl3 (5.00 ml) was taken in a same syringe and two reagents were mixed and added 

drop by drop to the round bottom flask at 0 ºC. Reaction was stirred at room 

temperature for overnight, then solvent was evaporated under reduced pressure. Water 

(40.00 ml) was added for solvent exchange and continued to evaporation to complete 

removal diglyme evaporation. After evaporation yellow precipitate was acidified with 

37 v% 8.00 ml HCl in 60.00 ml water. Me3NHCl (12.00 g, 0.13 mol) was added to 

water solution of the reaction and white precipitates were formed. Solution was 
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filtered and precipitates were collected. For further purification, methanol/hot water 

(1:9) recrystallization was done to yield 1.02 g (4.90 mmol 5.25 %) in overall reaction. 

 Synthesis of nido-B10H14, (3) 

 

 

 

 

Caution! 

nido-B10H14(decaborane) is neurotoxic matter. All lab safety equipments should be 

used. Most importantly proper gas mask has to be used. 

NaBH4 (30.00 g, 0.79 mol) was introduced in 500 ml 2 necked round bottom flask as 

shown in Figure 3.2, then argon gas was given to the reaction medium and diglyme 

(250.00 ml) was added by syringe. Reaction was heated to 105 ºC. Dropping funnel 

was filled with BF3.O(C2H5)2 (195.74 ml, 1.59 mol) and when reaction temperature 

reach to 105 ºC, BF3.O(C2H5)2 addition was started drop by drop from dropping funnel 

over 8 hours. Precipitates were formed during addition. Reaction was stirred for 1 

more hour at 105 ºC and cooled to room temperature. Condenser was changed with 

simple distillation apparatus (Figure 3.3) and distilled water (totally 785 ml) was 

added drop by drop while the reaction was heated until 125 ºC. After collecting 1 L 

diglyme-water azeotrope solvent reaction was cooled down to room temperature and 

taken into the ice bath. FeSO4.7H2O (2.5 g, 8.99 mmol) and 125 ml cyclohexane were 

added. 18 ml H2SO4 in 18ml distilled water was cooled in fridge, then filled to the 

dropper and added drop by drop in an ice bath. After finishing this addition, H2O2 

(40.00 ml, 30 v %) was added to the dropper and added very slowly to the reaction in 

an ice bath. Reaction was stirred 20 more minutes in an ice bath and filtered using 

filter paper. Filter cake was washed with 100 ml cyclohexane and cyclohexane phase 

washed with water, then evaporated at room temperature until crystal formation was 
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observed and kept in fridge until crystallization was completed. Yield of this reaction 

was not determined because of neurotoxic property of decaborane. It is kept in 

cyclohexane and never dried or exposed to air. It was treated with acetonitrile for the 

next steps. 

 Synthesis of bis-(acetonitrile)-decaborane(CH3CN)2B10H12, (4) 

 

Compound 3 was kept in cyclohexane in closed round bottom flask. To remove 

cyclohexane from reaction medium syringe was used and stayed crystals were 

dissolved in acetonitrile (60.00 ml) and were taken into closed round bottom flask 

with syringe. Reaction was heated up until 82 ºC and refluxed for 2 hours and stirring 

was continued for one day at ambient temperature. By decantation solvent was 

removed from solids. Resultant product was 3.98 g (19.67mmol, 42.17 %) 

 Synthesis of 1,2-diphenyl dodecacarborane(10), (5) 

 

2.50g (12.58 mol) of bis-(asetonitrile)-decaborane (4) was taken into 100 ml round 

bottom flask and diphenylacetylene (2.24 g, 12.58 mol) was added with toluene 

(100.00 ml). Reflux was set at 105 ºC for 24 hours and stirred for 5 hours at ambient 
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temperature. Solvent was evaporated under reduced pressure and recrystallization was 

done in chloroform and crystals were filtered. Mass of product was 2.57 g (8.67 mmol, 

68.96 %). 

 Synthesis of closo-dodecaborate(12), [(CH3CH2)3NH+]2[B12H12
2-], (6) 

 

NaBH4 (30.00 g, 0.79 mol) was introduced in 500 ml 3 necked round bottom flask. 

One of the neck of the round bottom flask was used for dropper, second one closed 

with septum and used for solvent addition and third one was used for condenser. Argon 

gas was given to all the setup and diglyme (200.00 ml) was taken with syringe from 

sealed diglyme glass bottle and was added to the round bottom flask. Reaction was 

stirred and heated until 100 ºC. Dropping funnel was filled with I2-diglyme solution 

(62.66 g, 0.25 mmol of I2 in 70.00 ml diglyme) and when reaction temperature rich to 

100 ºC, I2 addition was started drop by drop from dropping funnel. Precipitates were 

formed during addition. After completion of addition, the reaction was stirred 

overnight at 100 ºC, then temperature of the oil bath was increased to 185 ºC and 

stirred for one day . Reaction was cooled to room temperature and diglyme was 

evaporated. Distilled water (180.00 ml) was added very slowly and 84 ml HCl (37 %) 

in 100 ml distilled water was added drop by drop. Reaction was kept at fridge for a 

night to precipitation of boric acid. Precipitated colorless crystals were filtered by 

vacuum filtration and filtrate was taken in a new round bottom flask. 150 ml 

(CH3CH2)3N was added and stirred for overnight to complete precipitation. Colorless 

crystals were observed and filtered. For further purification recrystallization can be 

done with hot distilled water or [(CH3CH2)NH+]2[B12H12
2-] crystals can be stirred in 
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distilled water for 5 or 6 hours to remove more soluble boric acid from product. 

Product was 3.68 g (10.64 mmol, 20 %). 

 Synthesis of Silver salt of closo-dodecaborate(12), [Ag+]2[B12H12
2-], (7) 

 

[(CH3CH2)3NH+]2[B12H12
2-] (0.10 g, 0.29 mmol) was dissolved in deionized water (25 

ml) and stirred for 5 minutes. Then NaOH (0.02 g, 1.20mmol, 4 Eq) was added into 

this solution (in 100 ml round bottom flask). AgNO3 (98.5 mg, 0.58 mmol, 2 Eq) was 

dissolved in 10 ml deionized water in 50 ml round bottom flask. 

[(CH3CH2)3NH+]2[B12H12
2-] solution was evaporated to half. Silver nitrate solution 

was added drop by drop into [(CH3CH2)3NH+]2[B12H12
2-] solution. Since the product 

and reaction are light sensitive, during this addition [(CH3CH2)3NH+]2[B12H12
2-] round 

bottom flask was covered with aluminum foil and the product was protected from 

light. During addition large quantity of solid compound precipitated. After addition 

was completed, the reaction was stirred for 45 minutes at room temperature. Then, 

reaction mixture was filtered and the residue was washed with deionized water, dried 

to obtained the silver salt of closo-dodecaborate(12). Product was dark grey solid 

powder (0.09 g, 0.25 mmol, 86.21 %). 
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 Synthesis of Copper salt of closo-dodecaborate(12), [Cu2+][B12H12
2-], (8) 

[(CH3CH2)3NH]2[B12H12
2-] (0.06 g, 0.17 mmol) was dissolved in distilled water and 

NaOH (0.10 g, 2.50 mmol) was added and stirred for 10 minutes at room temperature. 

Half of solution was evaporated and 1 ml HCl (37 v %) was added drop by drop and 

stirred. CuSO4.5H2O (0.43 g, 1.72 mmol) was added and reaction solution was 

evaporated to dryness. MeOH (25.00 ml) was added and formed precipitate (Na2SO4) 

was filtered. Filtrate was evaporated. Product was 32.76 mg (0.16 mmol, 93.83 %) 

 Synthesis of undecamethyl-closo-dodecaborate, 

[(CH3CH2)NH+]2[B12(CH3)12
2-], (9) 

 

Suspension of [(CH3CH2)3NH+]2[B12H12
2-] (0.50 g, 1.45 mmol) in (CH3)3Al (2M in 

heptane, 40.00 ml) was prepared in 100 ml round bottom flask which was flashed with 

argon gas and closed with septum. Gas outlet was also given to reaction to prevent 

overpressure medium. Then CH3I (3.00 ml, 48.00 mmol) was added slowly and round 

bottom flask was taken into oil bath. Temperature was settled to 45 ºC and stirred for 

one week. After one-week reaction was taken into sand-bath and settled with 
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condenser. Reaction was stirred at 150 ºC for one more week. After this procedure 

reaction was cooled to room temperature and solvent was evaporated. Solid part was 

stirred in n-pentane (50.00 ml) for 20 minutes and decantation was done. Ethanol 

(50.00 ml) was added and stirred for 1 hour at room temperature. Filtration was done 

with sintered frit glass funnel by vacuum filtration. Solids on sintered frit glass funnel 

was washed with distilled water and then solids were dissolved in acetonitrile (100.00 

ml) and filtered. Organic solvent was evaporated. For further purification 

recrystallization can be done with EtOH:Acetonitrile (10:1) by hot filtration (50 ºC). 

Product was 0.74 g (1.45 mmol, 100 %) 

 Synthesis of silver salt of dodecamethyl-closo-dodecaborate, 

[Ag+]2[B12(CH3)12
2-], (10) 

 

[(CH3CH2)NH+]2[B12(CH3)12
2-] (0.75 g, 1.45 mmol) was taken into 50 ml round 

bottom flask and 25.00 ml distilled water with 0.12 g NaOH (2.90 mmol) was added. 

Volatiles were evaporated under reduced pressure. AgNO3 (0.49 g, 2.90 mmol) was 

added and brown precipitates were observed. Extraction was done with Et2O and 

water. Organic phase was dried on MgSO4 and filtered. Organic solvent was 

evaporated. 
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 Synthesis of undecamethyl-closo-dodecacarbaborate, [(CH3)3NH+][closo-

HCB11(CH3)11
-], (11) 

 

Suspension of [(CH3)3NH+][closo-HCB11H11
-] (0.09 g, 0.44 mmol) in (CH3)3Al was 

prepared in the 50 ml round bottom flask which was flashed with argon and closed 

with septum. (CH3)3Al (2 M in Heptane, 10.00 ml) was added with syringe. Gas outlet 

was also given to reaction to prevent overpressure medium. Then CH3I (0.91 ml, 14.56 

mmol) was added slowly and round bottom flask was taken into oil bath. Temperature 

was settled to 45 ºC and stirred for one week. After one week reaction was taken into 

sand-bath and settled with condenser. Reaction was stirred at 150 ºC for one more 

week. After this procedure reaction was cooled to room temperature and solvent was 

evaporated. Solid part was stirred in n-pentane (20.00 ml) for 20 minutes and 

decantation was done. Ethanol (20.00 ml) was added and stirred for 1 hour at room 

temperature. Filtration was done with sintered frit glass funnel by vacuum filtration. 

Solids on sintered frit glass funnel was dissolved with water and (CH3)3N.HCl (0.10 

g, 1.00 mmol) was added and the reaction solution was stirred. 1 ml CH3OH was added 

and kept in hood for crystallization. Formed crystals were filtered and dried on filter 

paper then, dissolved with acetone (10.00 ml) and the solvent was evaporated. Product 

was 0.10 g (0.29 mmol, 65.62 %) 
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 Synthesis of silver salt of undecamethyl-closo-dodecacarbaborate, 

[Ag+][closo-HCB11(CH3)11
-], (12) 

 

[(CH3)3NH+][closo-HCB11(CH3)11
-] (0.10 g, 0.29 mmol) was added into 20 ml 

deionized water containing NaOH (0.04 g, 1.05 mmol) and stirred at room temperature 

for 20 minutes. Volatiles were removed under reduced pressure. Round bottom flask 

was covered with aluminia foil and AgNO3 solution (0.05 g, 0.30 mmol in 10.00 ml 

deionized water) was added drop by drop. Color of the solution turned to dark brown 

from yellow during addition of AgNO3 solution. Reaction was stirred at room 

temperature for 1 hour then, extraction was done with Et2O and deionized water. 

Organic phase was dried over MgSO4 and filtered then evaporated. 
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6. APPENDICES 

 

A. NMR Spectra 

1H and 13C NMR spectra was recorded at Bruker Avance III Ultrashield 400 MHz 

using CDCl3, d6-DMSO, d6-Acetone and D2O as solvents. 11B nuclear magnetic 

resonance spectra of compounds were recorded in 5 ml d6-Acetone and D2O with 

Magritek Spinsolve benchtop 60 MHz NMR spectrometer. 
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Figure 6.1. 1H NMR Spectrum of 1 in d6-acetone. 
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Figure 6.2. 1H NMR Spectrum of 2 in d6-acetone, method 1.  
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Figure 6.3. 13C NMR Spectrum of 2 in d6-acetone, Method 1. 
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Figure 6.4. 1H NMR Spectrum of 2 in d6-acetone, Method 2 
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Figure 6.5. 13C NMR Spectrum of 2 in d6-acetone, Method 2 
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Figure 6.6. Coupled 11B NMR Spectrum of 2 in d6-acetone.  
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Figure 6.7. Decoupled  11B NMR Spectrum of 2 in d6-acetone.  
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Figure 6.8. Decoupled 11B NMR Spectrum of 4 in d6-acetone. 
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Figure 6.9. Coupled 11B NMR Spectrum of 4 in d6-acetone. 
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Figure 6.10. 1H NMR Spectrum of 5 in d6-acetone. 
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Figure 6.11. 13C NMR Spectrum of 5 in d6-acetone. 
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Figure 6.12. Coupled 11B NMR Spectrum of 5 in d6-acetone. 
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Figure 6.13. Decoupled 11B NMR Spectrum of 5 in d6-acetone. 
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Figure 6.14. 1H NMR Spectrum of 6 in D2O. 
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Figure 6.15. Coupled 11B NMR Spectrum of 6 in D2O. 
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Figure 6.16. Decoupled 11B NMR Spectrum of 6 in D20. 
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Figure 6.17. 1H NMR Spectrum of 9 in d6-acetone. 
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Figure 6.18. 1H NMR Spectrum of 11 in d6-acetone. 
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Figure 6.19. 1H NMR Spectrum of 12 in d6-acetone. 
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B. IR Spectra 

 

IR spectra were recorded at Thermo Scientific Nicolet iS10 ATR-IR spectrometer.  
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Figure 6.20.  IR Spectrum of NaBH4. 
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Figure 6.21.  IR Spectrum of (CH3)3N.HCl. 
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Figure 6.22.  IR Spectrum of (CH3)3NH+ salt of 1 (B12H12
2-). 
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Figure 6.23.  IR Spectrum of 2, (CB11H12
-), Method 1. 
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Figure 6.24.  IR Spectrum of 2, (CB11H12
-), Method 2. 
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Figure 6.25.  IR Spectrum of 4, (Decaborane-acetonitrile complex). 
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Figure 6.26.  IR Spectrum of 6, [(CH3CH2)3NH]2B12H12.  
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Figure 6.27.  IR Spectrum of B(OH)3 from the synthesis of 6. 
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Figure 6.28.  IR Spectrum of 7, [Ag]2B12H12.  
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Figure 6.29.  IR Spectrum of 9, [(CH3CH2)3NH]2B12(CH3)12. 

 


