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1. Abstract: 

 

As a part of our fundamental research interest on the Lewis acid chemistry exhibited 

by main group Lewis acids, we chose to explore the activity of electron deficient pnictogen 

cationic species particularly, stibonium cation [1]+OTf-. In objective to synthesize [1]+OTf-, 
initially we successfully synthesized two different precursors, monochloro amino stibane 

complex, [1]-Cl and dichloro amino stibane complex, [1]-Cl2. Utilizing [1]-Cl, we successfully 

synthesized its respective cationic complex, [1]+OTf-. This [1]+OTf- was further utilized to exploit 

its reactivity and catalytic activity. Based on crystallographic evidence, it was revealed that 

[1]+OTf- is less likely to coordinate with weak donors like MeCN. Additionally, NMR 

spectroscopic studies of the preliminary catalytic reactions revealed that [1]+OTf- is capable of 

acting as a catalyst for simple organic transformation reactions like hydroboration and 

cyanosilylation for aldehydes. On the other hand, we also made use of [1]-Cl2 to generate its 

respective stibonium cationic and treated it with ItBu-NHC but surprisingly a dimer complex with 

Sb-O-Sb bridge connecting two abnormal centers of ItBu-NHC was obtained which is against 

the consensus yet an interesting species to carry out further investigative studies.   

 

 
Scheme 1: Schematic representation of the overall synthesis in this thesis work. 
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2. Introduction: 
 
Over the past few decades, the field of Lewis acid chemistry has grabbed much attention in 

catalysis as well as in activation of small molecules. It has been conventionally believed that the 

transition-metal catalysts have been dominant in the field of molecular transformation catalysis 

for the past many decades especially, the late transition-metal catalysts like complexes based 

on Rh, Ru, Ir, Pd, Pt, Os, etc. However, the development of novel main group element-derived 

Lewis acidic complexes that exhibit parallel characteristics and reactivity as that of transition 

metals, have garnered tremendous attention. With their significant evolution, they have entered 

into a renaissance in the recent years. There have been many novel s-block and p-block 

element-based complexes developed that are indefinitely stable at ambient temperatures even 

in low-valent oxidation state. Amongst these complexes, the properties of pnictogen-based 

coordination Lewis acidic complexes offered more opportunity for their emergence and allured 

great interest for exploring their reactivity and catalytic applications. “The pioneering work of 

Olah also shows that, apart from group 13 and 14 species, the strong Lewis acidity can also be 

expressed by group 15 elements, especially antimony”,(1) as stated by Gabbai et. al.(2)  

 

Out of various Lewis acidic pnictogen-based cationic complexes, the intrinsically higher Lewis 

acidity of stibonium cations had allowed them to emerge as powerful Lewis acids and paved 

way for their drastic exploration in Lewis acid chemistry by many main-group chemists for the 

past few years. Although, antimony halides (such as SbCl3 and SbCl5) themselves are strong 

Lewis acids, they are highly reactive and corrosive in nature,(3) therefore they couldn’t be utilized 

extensively as they can complicate their use in organic chemistry. Therefore, scientists thought 

of developing Lewis acidic antimony cationic derivatives that are decorated with diverse variety 

of organic ligands, as mentioned by Hudnall et. al.(4) and Gabbai et. al.(2) These developed 

antimony cationic derivatives are relatively easier to handle unlike antimony halides and also 

the generation of the electron-deficient cationic center enhances its Lewis acidity as compared 

with that of it’s respective precursor, metal-halide complex.(5)  

 

There are many interesting works that have been reported on stibonium cationic complexes and 

their applications (Table 1 and Table 2). Earlier studies showed that, stibonium cations can 

catalyze cycloaddition reactions like addition of isocyanates to epoxides.(6) Recent studies 

showed that, stibonium cations were utilized as catalyst in various organic transformation 
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reactions like Aldol condensation,(4) Hydrosilylation,(7) Acetalisation,(8) Friedel-Crafts acylation,(9) 

Michael addition(10) and various other reactions. It was found that stibonium cations can even 

promote polymerization reactions.(11) Additionally, it was also proven that some Lewis acidic 

stibonium cations were employed for capturing environmentally toxic anions like fluoride, 

cyanide and azides.(12, 13) Also, there are few reports which show the activity of stibonium 

cations as a fluorescent species.(14, 15)     

 

 
 

Table 1: List of some examples for stibonium (V) cationic complexes that are recently reported. 
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Table 2: List of some examples for stibonium (III) cationic complexes that were reported.	  

 

In general, most of the stable stibonium complexes are either in +3 or +5 oxidation state with 

some exceptions. Till date, a plethora of Sb(V) cationic complexes have been synthesized and 

its applications were reported as compared to that of Sb(III) cationic complexes relatively. To 

the best of our knowledge, out of the reported Sb(III) cationic complexes, the complexes that 

are stabilized by N-based ligand system are either cyclic complexes or acyclic complexes that 

are supported by highly bulky N-based ligand system. Also it is noteworthy that, there prevail 

very limited reports, which shows the catalytic activity of stibonium (III) cationic complexes in 

any organic transformation reaction. Motivated by the various pioneering on-going research and 

the limitation in the reports of Sb(III) cationic complexes, our group was highly interested to 

synthesize a new amino-ligand supported Sb(III) cationic Lewis acidic complex that is acyclic in 

structure and explore it’s reactivity along with its catalytic activity as a part of my thesis project.  

 

Theoretically, multi-dentate ligands are known to provide more chelation thereby, stabilizing the 

low-valent metal ionic center. Additionally, the most versatile use of the ligand systems with one 

or more N-donor centers in the synthesis of many novel complexes,(23) had enticed us to kick-
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Gudat&and&co,workers&(19)
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Pn N
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N Pn
X
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X
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start our project with the synthesis of a simple bidentate N, N’-donor ligand, N-phenylpyridin-2-

amine [1]. This ligand is highly stable in open air at ambient temperature and can be 

synthesized easily (scheme 2). In objective to synthesize the target stibonium (III) cationic 

complex, we focused to synthesize and isolate the precursors, [1]-Cl and [1]-Cl2. By utilizing [1] 
as our primary starting material we synthesized monochloro amino stibane complex, [1]-Cl 
(scheme 3) and confirmed it with the help of crystallographic evidence (Fig. 1) and NMR 

spectroscopic evidences (Fig. 7, 8). Further, we treated the isolated [1]-Cl complex with 

TMSOTf to generate its respective stibonium cationic species, [1]+OTf- (scheme 4), which is 

stable at room temperature. The crystallographic evidence (Fig. 3) and NMR spectroscopic 

evidence (Fig. 11, 12, 13) confirmed the formation of  [1]+OTf-. Initially, we were fascinated to 

explore the reactivity of the isolated [1]+OTf- complex, so we carried a coordination reaction 

with MeCN as donor but observed no coordination (scheme 7). Later, we thought of using some 

better donor than MeCN and therefore, we chose DMAP and N-heterocyclic carbene (Dipp-

NHC) as the donors and carried out two different reactions where [1]+OTf- was treated with 

DMAP in one reaction (scheme 8) and with N-heterocyclic carbene (Dipp-NHC) in another 

reaction (scheme 9) but unfortunately we obtained no desired results from both the reactions. 

Apart from the reactivity, we were also eager to explore the catalytic activity of [1]+OTf-, so we 

set up preliminary catalytic check reactions for hydroboration (scheme 10) and cyanosilylation 

(scheme 11) with [1]+OTf- as the catalyst and benzaldehyde as the model substrate. Based on 

NMR spectroscopic results (Fig. 16, 17, 18), we found that the catalytic transformation for 

benzaldehyde had taken place successfully with reasonably good yield of 90% and 87% for 

hydroboration and cyanosilylation respectively. This guarantees its further usage as catalyst in 

various organic reactions.  

 

Parallelly, we also synthesized the other precursor, dichloro amino stibane complex [1]-Cl2 

(scheme 5) by keeping the ligand system unaltered. Crystallographic (Fig. 2) and NMR 

spectroscopic results (Fig. 9, 10) confirmed the [1]-Cl2 complex formation. Being aware that 

there are very limited reports on dicationic stibonium species, we utilized [1]-Cl2 complex and 

made efforts to synthesize its respective dicationic species by treating it with 2 equiv. of 

TMSOTf but we couldn’t isolate the desired product (scheme 13). In order to provide 

stabilization to the dicationic species by some external donors, we designed two different 

reactions where we utilized MeCN (scheme 14) and DMAP (scheme 15) as the donors in the 

two reactions respectively. Unfortunately, here also we didn’t obtain the desired product. Later, 

we treated [1]-Cl2 with 1 equiv. of N-heterocyclic carbene (ItBu-NHC) to obtain the monocationic 
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species (scheme 12). Surprisingly, the crystallographic results (Fig. 4) revealed that an 

interesting dimer complex is obtained with an Sb-O-Sb bridge connecting the two abnormal 

centres of ItBu-NHC, [1]-Cl2-aNHC. Though [1]-Cl2-aNHC is not the desired product, this 

complex can be further utilized for investigating the factors responsible for this ‘abnormal’ mode 

of binding to the metal-centre and predict the possible mechanism pathway. 

 

3. Experimental Section: 
3.1 Materials: 2-bromopyridine, n-butyllithium (nBuLi), antimony trichloride (SbCl3), 

trimethylsilyl trifluorometanesulfonate (TMSOTf), benzaldehyde, 4-dimethylaminopyridine 

(DMAP), trimethylsilyl cyanide (TMSCN), pinacolborane (HBpin), mesitylene, deuterated 

chloroform (CDCl3) and anhydrous sodium sulphate (anh. NaSO4) were purchased from Sigma 

Aldrich chemicals. Acetonitrile (MeCN), diethylether (Et2O), aniline and tetrahyrofuran (THF) 

were purchased from Alfa Aesar chemicals. DCM, methanol, acetone were purchased from 

SDFCL (S D fine-chem. limited). Hexane, toluene and pentane were purchased from AVANTOR 

limited.   

 
3.2 General Procedure: All the reactions were carried out in oven-dried glassware. All the air 

and moisture sensitive reactions were carried under dried and purified Argon atmosphere by 

using standard Schlenk-line and dry Glove-box techniques. All the solvents needed for sensitive 

reactions were purified by distillation over the drying agents (P2O5, CaH2, Na plates and 

benzophenone) and transferred under Argon prior to use. All the reactions were carried out at 

room temperature unless mentioned. All the crystals obtained were analyzed by using Single-

Crystal X-ray Diffraction (SCXRD). 1H, 13C{1H} and 19F{1H} NMR spectroscopy were carried out 

in BRUKER/ JOEL NMR spectrophometer at 400 MHz, 100 MHz and 376.6 MHz at 298K 

respectively with SiMe4 as internal standard and all the chemical shift values are in ppm units. 

All the NMRs were submitted in CDCl3. HRMS-ESI (High Resolution Mass Spectroscopy 

Electro-Spray Ionization) was used to characterize the synthesized complexes. All the sensitive 

samples mass spectroscopy was performed using ultra-pure solvents (UPS). 
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3.3. Synthesis and Characterization of the Compounds: 
3.3.1 Synthesis of N-phenylpyridin-2-amine, [1]:  

2-bromo pyridine (3ml, 31.46mmol, 1 equiv.) and aniline (5.74ml, 62.92mmol, 2 equiv.) 

were taken in a round-bottom flask and kept for heating at 170oC for ~12 hrs under 

constant stirring (Scheme 2). Upon cooling, a deep violet colored solid compound was 

obtained which was dissolved in DCM and washed with brine (saturated NaCl solution). 

The collected organic layer was dried over anh. NaSO4 and volatiles were removed by 

using rotary evaporator to obtain the crude product, which was further purified by using 

column chromatography and re-crystallized in DCM/hexane in 2:1 (v/v) at -30oC. The [1] 
crystals were observed to be colorless with 89% (7.4g) yield.  

 
Scheme 2: Schematic representation of synthesis of N-phenylpyridine-2-amine, [1]. 

 
1H NMR (400 MHz, CDCl3, δ, ppm): 6.61 (1H, br-s, NH), 6.72 (1H, ddd), 6.88 (1H, ddd), 

7.04-7.06 (1H, m), 7.31-7.33 (4H, m), 7.46-7.48 (1H, m), 8.20-8.21 (1H, m). 13C{1H} NMR 

(100 MHz, CDCl3, δ, ppm): 108.28, 115.13, 120.44, 122.92, 129.39, 137.80, 140.51, 

148.49, 156.07.  

 

3.3.2 Synthesis of monochloro amino stibane complex, [1]-Cl:  
N-phenylpyridin-2-amine, [1] (2g, 11.75mmol, 1 equiv.) was weighed and transferred to a 

Schlenk flask and carried out deprotonation under argon by adding a strong base like 
nBuLi (1.6M, 11.75mmol, 7.34ml, 1 equiv.) at -78oC in diethylether solution of [1] in order 

to generate it’s respective organolithium derivative in situ, and let it stir for 4-5 hrs at room 

temperature. Later, coupling reaction of the corresponding organolithium derivative and 

SbCl3 (1.34g, 5.875mmol, 0.5 equiv.) was carried out to synthesize [1]-Cl (Scheme 3). The 

resulting LiCl precipitate was removed via in situ filtration in toluene followed by 

evaporation of volatiles in vacuo. Crystallization was also carried in toluene to obtain pale 

yellow rod-shaped crystals at room temperature with an yield of 62% (1.68g).  

N

Br
+

N H

H

N

N
H

2-bromo
pyridine Aniline N-phenylpyridin-2- amine

170 oC, 12hrs
Neat reaction

[1]
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Scheme 3: Schematic representation of synthesis of Chloro-Amino-Stibane complex [1]-Cl. 

 

Mp: 160 – 168 oC. 1H NMR (400 MHz, CDCl3, δ, ppm): 6.11 (2H, ddd), 6.54 (2H, ddd), 

6.68 (4H, ddd), 7.12-7.13 (2H, m), 7.21-7.22 (4H, m), 7.36-7.37 (1H, m), 7.95-7.96 (2H, 

m). 13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 107.8, 112.52, 126.07, 128.97, 139.45, 

141.49, 144.71, 162.51. ESI-MS (positive) calculated for C22H18N4SbCl: 494.03, found: 

494.24. 

 

3.3.3 Synthesis of stibonium cationic complex, [1]+OTf- : 
A solution of [1]-Cl complex (460mg, 0.93mmol, 1 equiv.) was prepared in toluene 

followed by addition of TMSOTf (0.17ml,  0.93mmol, 1 equiv.) under argon at -78oC to the 

solution. The reaction mixture was allowed to stir for ~12 hrs at room temperature 

(Scheme 4). The resultant solution was filtrated in situ and the volatiles were evapourated 

in vacuo. Crystallization was carried out in toluene at room temperature to obtain pale-

yellow rod-shaped crystals with yield of 62% (353mg).  

 
Scheme 4: Schematic representation of generation of stibonium cation [1]+ OTf- with TMSOTf. 

 

Mp: 105 – 118 oC. 1H NMR (400 MHz, CDCl3, δ, ppm): 6.88 (2H, ddd), 7.08 (2H, ddd), 

7.20-7.25 (2H, m), 7.33-7.34 (4H, m), 7.45-7.5 (4H, m), 7.75-7.76 (2H, m), 8.00-8.01 (2H, 

m). 13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 110.36, 114.15, 123.04, 125.29, 128.22, 

129.03, 129.93, 140.63, 142.30. 19F{1H} NMR (376.6 MHz, CDCl3, δ, ppm): -78.39. ESI-

MS (positive) calculated for C23H18N4SbSO3F3: 608.01, found: 609.08 [M+(608.01)+H]. 
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3.3.4 Synthesis of dichloro amino stibane complex, [1]-Cl2:  
N-phenylpyridin-2-amine, [1] (2g, 11.75mmol, 1 equiv.) was weighed and taken in a 

Schlenk flask to carry out deprotonation of the amine, [1] under argon by adding a strong 

base like nBuLi (1.6M, 11.75mmol, 7.34ml, 1 equiv.) at -78oC in diethylether soltion of [1] in 

order to generate it’s respective organolithium derivative in situ, and let it stir for 4-5 hrs at 

room temperature. Later, coupling reaction of the corresponding organolithium derivative 

and SbCl3 ( 2.68g, 11.75mmol, 1 equiv.) was carried out to synthesize [1]-Cl2 (Scheme 5). 

The resulting LiCl precipitate was removed via in situ filtration in toluene followed by 

evaporation of volatiles in vacuo. The compound was allowed to crystallize in toluene at 

room temperature for overnight to obtain pale yellow block-shaped crystals with an yield of 

61% (2.61g).  

 
Scheme 5: Schematic representation of synthesis of dichloro amino stibane complex, [1]-Cl2. 

 

Mp: 130 – 138 oC. 1H NMR (400 MHz, CDCl3, δ, ppm): 6.35 (1H, ddd), 6.77 (1H, ddd), 

7.25-7.27 (2H, m), 7.31-7.32 (1H, m), 7.47-7.48 (2H, m), 7.57-7.58 (1H, m), 8.00-8.01 (1H, 

m). 13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 108.26, 114.36, 127.39, 129.39, 139.28, 

140.85, 144.02, 162.15. ESI-MS (positive) calculated for C11H9N2SbCl: 359.92, found: 

359.24.  

 

3.3.5 Synthesis of dimer complex from [1]-Cl2 and ItBu-NHC to obtain [1]-Cl2-aNHC:  
A solution of ItBu carbene was made in toluene followed by addition of [1]-Cl2 to the 

prepared solution under argon. The reaction mixture was allowed to stir for ~12 hrs at 

room temperature (Scheme 6). The solvent toluene was evapourated completely in vacuo 

followed by addition of DCM to solubilize the compound. Later in situ filtration was done 

and all the volatiles were removed in vacuo. Crystallization was carried out in 

DCM/pentane mixture (2:1 v/v) to grow the crystals that are suitable for SCXRD analysis. 

However, the product obtained, [1]-Cl2-aNHC is unprecedented.  
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i) nBuLi (1 eq.), Et2O, -78 oC
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Scheme 6: Schematic representation of the reactivity carried between [1]-Cl2 and ItBu-NHC. 

 
1H NMR (400 MHz, CDCl3, δ, ppm): 1.71 (18H, s), 1.84 (18H, s), 7.97 (2H, s), 8.83 (2H, s). 
13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 30.21, 31.39, 126.39, 128.21, 129.03, 129.57.  

 

3.4 Exploration on the Applications of the Synthesized Complexes: 

3.4.1 Investigation on the reactivity of stibonium (III) cationic complex, [1]+OTf- :  

In aim to investigate the futher reactivity of the synthesized stibonium cationic complex, we 

set up various reactions as follows: 

 

  
Scheme 7: Schematic representation of the reactivity reaction carried between in situ generated [1]+OTf- 
and MeCN. 

 

 
Scheme 8: Schematic representation of the reactivity reaction carried between in situ generated  [1]+OTf- 

and DMAP. 
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Scheme 9: Schematic representation of the reactivity reaction carried between isolated [1]+OTf- and Dipp-

NHC. 

 

3.4.2 Investigation on the catalytic activity of stibonium (III) cationic complex, [1]+OTf- : 

 

 

Scheme 10: Schematic representation of the preliminary catalytic reaction of hydroboration of aldehyde with 

[1]+OTf- as the catalyst and benzaldehyde as the model substrate. 

 

  

Scheme 11: Schematic representation of the preliminary catalytic reaction of cyanosilylation of aldehyde 

with [1]+OTf- as the catalyst and benzaldehyde as the model substrate. 

 

3.4.3. Investigation on the reactivity of dichloro amino stibane complex, [1]-Cl2:  

In aim to investigate the futher reactivity of the synthesized [1]-Cl2 complex, we set up 

various reactions as follows: 

 

Scheme 12: Schematic representation of the reactivity reaction between [1]-Cl2 and ItBu-NHC to generate 

monocationic stibonium species. 
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Scheme 13: Schematic representation of the reactivity reaction between [1]-Cl2 and TMSOTf to generate 

dicationic species. 

 

 
Scheme 14: Schematic representation of reaction carried to stabilize the in situ generated dicationic species 

of [1]-Cl2 with MeCN. 

 

 
Scheme 15: Schematic representation of reaction carried to stabilize the in situ generated dicationic species 

of [1]-Cl2 with DMAP. 

 

None of the above attempted reactions (schemes 7-15) resulted in the desired product. 

And reaction between [1]-Cl2 and ItBu-NHC (scheme 7), resulted in an interesting 

unprecedented dimer complex, [1]-Cl2-aNHC. 
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4. Results and Discussion: 

In interest with the synthetic investigation of Lewis acidic stibonium cationic complex, firstly 

we synthesized the organic ligand, N-phenylpyridyl-2-amine [1] and subjected the 

obtained compound for NMR spectroscopic study. The NMR results (Fig. 5, 6) were tallied 

with it’s previously reported NMR data.(24) The appearance of the broad singlet peak at 

6.61ppm in the 1H NMR (Fig. 5) shows the existence of the N-H proton of the secondary 

amine, [1]. Secondly, utilizing this ligand [1] we focused to synthesize two different 

precursors by keeping the ligand system unchanged but by varying the molar equivalent 

ratio of the ligand [1] and SbCl3. The first reaction was set up with 2 eq. of [1] and 1 eq. of 

SbCl3 to synthesize monochloro amino stibane complex, [1]-Cl. The obtained crystals of 

the compound were subjected to X-ray diffraction crystallographic studies and the SCXRD 

results (Fig. 1) clearly showed the formation of [1]-Cl. The NMR spectroscopic studies 

(Fig. 7, 8) also served as supporting evidence. The disappearance of the broad singlet N-

H peak of [1] in the 1H NMR of [1]-Cl (Fig. 7), reveals that the starting material [1] was 

completely consumed in the formation of [1]-Cl. In the second reaction, 1 eq. of [1] and 1 

eq. of SbCl3 were taken to synthesize [1]-Cl2. The obtained crystals of the compound were 

subjected for SCXRD crystallographic analysis and NMR spectroscopic studies. The 

SCXRD results (Fig. 2) clearly showed the formation of the desired product, [1]-Cl2. Just-

like in case of [1]-Cl, here also the disappearance of the broad singlet peak in the 1H NMR 

of [1]-Cl2 (Fig. 9) shows that the starting material, [1] was completely consumed in the 

formation of [1]-Cl2. Further, the treatment of [1]-Cl with TMSOTf resulted in the 

generation of stibonium cation with OTf- as the counter anion. The SCXRD analysis of the 

obtained [1]+OTf- crystals (Fig. 3) clearly depicted the formation of [1]+OTf- with it’s 

molecular structure similar to that of the theoritically predicted product. The absence of the 

broad singlet peak in the 1H NMR of [1]+OTf- (Fig. 11), tells that there is no hydrolysis of 

[1]+OTf- and the presence of intense singlet peak at -78.4 ppm in the 19F{1H} NMR of 

[1]+OTf- (Fig. 13) which is within the peak range (-60ppm to -80ppm) of R-CF3 moeity tells 

the presence of the counter anion, OTf- (triflate anion) that is bound to the cationic counter 

part of [1]+OTf- which is also evident from the SCXRD results (Fig. 3). Later, 1 eq. of the 

synthesized [1]-Cl2 was treated with 1 eq. of ItBu-NHC in order to generate its respective 

monocationic complex. The obtained crystals were subjected to crystallographic study and 

the results (Fig. 4) revealed that we did not get the desired cationic complex but rather we 

obtained an interesting dimer product with two abnormal ItBu-NHCs bridged by Sb-O-Sb 
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bond. In general, NHCs bind to the metal centre via “normal” binding mode (M-C1carbene 

binding) but due to various factors NHCs sometimes tend to isomerize and prefer for 

“abnormal” or “mesoionic” binding mode (M-C2carbene or M-C3carbene binding) with proton 

migration to the C1carbene centre (Fig. 4) and migration of the electron pair on to C2carbene or 

C3carbene centre.(25) This extra mode of binding of NHCs had actually increased their 

versatile use and there are chemists who solely focused on studying these abnormal 

carbenes.(25, 26) Since we have unexpectedly obtained [1]-Cl2-aNHC which, is an 

interesting dimer complex with abnormal binding of NHC, its possible mechanism and the 

factors responsible for this ‘abnormal’ mode of binding will be studied in future. 

 

On the other hand, in order to check the catalytic activity of [1]+OTf-, a preliminary catalytic 

hydroboration reaction was set up by utilizing 5mol% of [1]+OTf- as the catalyst, 

benzaldehyde as model substrate and DCM as solvent. The obtained product was 

thoroughly dried in vacuo and subjected for NMR spectroscopic study by taking mesitylene 

as the internal standard. The peak at 4.94ppm of the resultant 1H NMR (Fig. 14) clearly 

showed the conversion of benzaldehyde to its respective boroester with an appreciable 

yield of 90%. Similarly, we also carried out a preliminary catalytic cyanosilylation reaction 

with same experimental conditions and subjected the obtained product for NMR 

spectroscopic study. The peaks at 5.55ppm in 1H NMR (Fig. 15) and 63.78ppm in the 
13C{1H} NMR (Fig. 16) clearly shows the conversion of benzaldehyde to its respective 

cyanosilylated derivative form with an appreciable yield of 87%.  

 

4.1. Crystallographic Evidences: 
	   [1]-‐Cl	   [1]-‐Cl2	   [1]+	  OTf-‐	   [1]-‐Cl2-‐aNHC	  
Chemical	  formula	   C22H18N4SbCl	   C11H9N2SbCl2	   C23H18N4SbSO3F3	   C22H40Cl4N4OSb2	  
Formula	  weight	   495.62	  g/mol	   361.87	  g/mol	   609.24	  g/mol	   761.91	  g/mol	  
Temperature	   150(2)	  K	   150(2)	  K	   150(2)	  K	   150(2)	  K	  
Wavelength	   0.71073	  Å	   0.71073	  Å	   0.71073	  Å	   0.71073	  Å	  
Crystal	  system	   Triclinic	   Triclinic	   Monoclinic	   Monoclinic	  
Space	  group	   P	  -‐1	   P	  -‐1	   P	  c	   C	  2/c	  
Unit	  cell	  lengths	   a	  =	  8.7014(11)	  Å	   a	  =	  9.484(4)	  Å	   a	  =	  10.130(2)	  Å	   a	  =	  15.748(7)	  Å	  
	   b	  =	  9.1248(12)	  Å	   b	  =	  10.342(4)	  Å	   b	  =	  12.250(3)	  Å	   b	  =	  13.636(6)	  Å	  
	   c	  =	  13.8189(17)	  Å	   c	  =	  13.520(5)	  Å	   c	  =	  12.040(3)	  Å	   c	  =	  16.358(7)	  Å	  
Unit	  cell	  angles	   α	  =	  106.932(3)	  °	   α	  =	  100.030(7)	  °	   α	  =	  90°	   α	  =	  90°	  
	   β	  =	  106.791(3)	  °	   β	  =	  95.861(7)	  °	   β	  =	  102.452(2)	  °	   β	  =	  100.99(2)	  °	  
	   γ	  =	  92.111(4)	  °	   γ	  =	  102.601(7)°	   γ	  =	  90°	   γ	  =	  90°	  
Volume	   996.083	  Å3	   1260.76	  Å3	   1458.93	  Å3	   3448.29	  Å3	  
Z	   2	   4	   1	   8	  

Table 3: Crystallographic data for [1]-Cl, [1]-Cl2, [1]+ OTf-, and [1]-Cl2-aNHC. 
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Fig. 1: Molecular structure of [1]-Cl in ORTEP representation with 50% displacement ellipsoids as shown 

(hydrogen atoms and few carbon labeling are omitted for clarity).   

Bond	  lengths	   (Å)	   Bond	  angles	   (°)	  
Sb-‐Cl	   2.463	   N2-‐Sb-‐Cl	   90.02	  
Sb-‐N1	   2.468	   N3-‐Sb-‐Cl	   88.61	  
Sb-‐N2	   2.088	   N1-‐Sb-‐Cl	   126.53	  
Sb-‐N3	   2.087	   N4-‐Sb-‐Cl	   126.53	  
Sb-‐N4	   2.742	   N1-‐Sb-‐N2	   53.97	  
N2-‐C1	   1.371	   N2-‐Sb-‐N3	   93.40	  
N2-‐C2	   1.423	   N3-‐Sb-‐N4	   58.07	  
N3-‐C3	   1.440	   N1-‐Sb-‐N4	   74.63	  
N3-‐C4	   1.354	   C1-‐N2-‐C2	   120.29	  

	   	   C3-‐N3-‐C4	   120.03	  
Table 4: List of specific bond lengths and bond angles of [1]-Cl molecule in angstrom and degree units 

respectively.   

 

The [1]-Cl complex (Fig. 1) is an Sb(III) complex with a distorted square pyramidal 

geometry. Here (Fig. 1), the antimony metal center has five bonds out which three are 

covalent bonds [Sb-Cl (2.463 Å ~2.4 Å), Sb-N2 (2.088 Å~2.033 Å) and Sb-N3 (2.087 

Å~2.033 Å)] and two are coordinate bonds [Sb-N1 (2.468 Å~2.42 Å) and Sb-N4 (2.742 

Å~2.42 Å)].(21)  On comparing the bond lengths [Sb-N1 = 2.468 Å, Sb-N2 = 2.088	  Å, Sb-N3 

= 2.087	  Å, Sb-N4 = 2.742	  Å] (Table 4), it is clearly evident that Sb-N2 and Sb-N3 covalent 

bonds have equal bond lengths and these bonds are relatively shorter than the Sb-N1 and 

Sb-N4 coordinate bonds. Here, the Sb atom is out of the plane containing the four N atoms 

thereby resulting distortion in the geometry. Considering the bond angles [Cl-Sb-N1 = 

126.53°, Cl-Sb-N2 = 90.02°~90°, Cl-Sb-N3 = 88.61°~90°, Cl-Sb-N4 = 126.53°] (Table 4), it 

is clear that the Sb-Cl bond is nearly perpendicular to the plane containing Sb, N2 and N3 

atoms but not perpendicular to the plane containing Sb, N1 and N4 atoms. Also, Sb-N2 
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and Sb-N3 bonds [N2-Sb-N3 = 93.40°~90°,] are nearly orthogonal to each other with two 

phenyl rings on the same side.  

 

 
Fig. 2: Molecular structure of [1]-Cl2 in ORTEP representation (hydrogen atoms and few carbon labeling are 

omitted for clarity).     
Bond	  lengths	   (Å)	   Bond	  angles	   (°)	  

Sb-‐Cl1	   2.527	   Cl1-‐Sb-‐Cl2	   92.50	  
Sb-‐Cl2	   2.389	   Cl1-‐Sb-‐N1	   85.43	  
Sb-‐N1	   2.060	   Cl1-‐Sb-‐N2	   145.40	  
Sb-‐N2	   2.353	   Cl2-‐Sb-‐N1	   93.50	  
N1-‐C1	   1.375	   Cl2-‐Sb-‐N2	   90.14	  
N2-‐C1	   2.353	   N1-‐Sb-‐N2	   59.98	  
N1-‐C6	   1.423	   N1-‐C1-‐N2	   107.05	  

	   	   Sb-‐N1-‐C1	   102.93	  
	   	   Sb-‐N2-‐C1	   89.49	  
	   	   C1-‐N1-‐C6	   124.72	  

Table 5: List of specific bond lengths and bond angles of [1]-Cl2 molecule in angstrom and degree units 

respectively.   

 

The [1]-Cl2 complex (Fig. 2) is also an Sb(III) complex with a distorted square pyramidal 

geometry. In this complex (Fig. 2), the Sb metal center is possessing four bonds where 

three are covalent bonds [Sb-Cl1 = 2.527~2.4 Å, Sb-CL2 = 2.389 Å~2.4 Å and Sb-N1 = 

2.060 Å~2.033 Å] and one is a coordinate bond [Sb-N2 = 2.353 Å~2.42 Å].(21) On 

comparing the bond lengths (Table 5), it is clear that Sb-N1 (2.060	  Å) is shorter than Sb-

N2 (2.353	  Å). The most interesting feature of this complex is that the two Cl atoms (Cl1 

and Cl2) are nearly orthogonal to each other [Cl1-Sb-Cl2 = 92.50° ~90°]. Considering the 

bond angles [Cl1-Sb-Cl2 = 92.50°, Cl1-Sb-N1 = 85.43°, Cl2-Sb-N1 = 93.50°, Cl2-Sb-N2 = 

90.14°] of the [1]-Cl2 molecule (Table 5), it is evident that the Sb-Cl1 is nearly 

perpendicular to the plane containing Sb, Cl2, N1 atoms and Sb-Cl2 is nearly 
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perpendicular to the plane containing Sb, Cl1, N1 and N2 atoms which in turn depicts the 

geometry of the complex. Also, it was found that the plane containing the phenyl ring is 

orthogonal to the plane containing the pyridine ring. 

 

 
Fig. 3: Molecular structure of [1]+OTf- in ORTEP representation with 50% displacement ellipsoids as shown 

(hydrogen atoms and few carbon labeling are omitted for clarity).   

 

Bond	  lengths	   (Å)	   Bond	  angles	   (°)	  
Sb-‐O1	   7.614	   N1-‐Sb-‐N2	   60.47	  
Sb-‐N1	   2.253	   N2-‐Sb-‐N4	   84.00	  
Sb-‐N2	   2.109	   N3-‐Sb-‐N4	   60.17	  
Sb-‐N3	   2.109	   N1-‐Sb-‐N3	   81.64	  
Sb-‐N4	   2.304	   N1-‐C1-‐N2	   108.98	  
N2-‐C1	   1.391	   N3-‐C2-‐N4	   108.69	  
N1-‐C1	   1.346	   C1-‐N2-‐Sb	   98.8	  
N3-‐C2	   1.357	   C2-‐N4-‐Sb	   92.53	  
N4-‐C2	   1.339	   	   	  

Table 6: List of specific bond lengths and bond angles of [1]+OTf- molecule in angstrom and degree units 

respectively.  

 

[1]-‐Cl	   [1]+	  OTf-‐	  

Sb-‐N1	   2.468	  Å	   Sb-‐N1	   2.253	  Å	  
Sb-‐N2	   2.088	  Å	   Sb-‐N2	   2.109	  Å	  
Sb-‐N3	   2.087	  Å	   Sb-‐N3	   2.109	  Å	  
Sb-‐N4	   2.742	  Å	   Sb-‐N4	   2.304	  Å	  

N1-‐Sb-‐N2	   53.97°	   N1-‐Sb-‐N2	   60.47°	  
N3-‐Sb-‐N4	   58.07°	   N3-‐Sb-‐N4	   60.17°	  
N1-‐Sb-‐N4	   74.63°	   N1-‐Sb-‐N4	   125.66°	  
N2-‐Sb-‐N3	   93.40°	   N2-‐Sb-‐N3	   94.40°	  

Table 7: Comparison table between [1]-Cl and [1]+OTf-. 
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The [1]+OTf- complex is the cationic species of [1]-Cl. From the molecular structure (Fig. 

3), it is clearly evident that the OTf- anionic moiety is discrete from the Sb metal center 

with Sb-O1 distance of 7.614 Å (Table 6), which is responsible for enhancing the Lewis 

acidity of the Sb-center of [1]-Cl. On comparing the Sb-N bond lengths of [1]+OTf- and [1]-
Cl (Table 7), it is observed that the Sb-N1 and Sb-N4 (N1 and N4 are nitrogen atoms in 

the pyridine rings) bonds of [1]+OTf- have shrunk relatively by ~0.43 Å but the Sb-N2 and 

Sb-N3 bonds of [1]+OTf- got negligibly elongated by ~0.021 Å only. And, on comparing the 

bond angles of [1]+OTf- and [1]-Cl (Table 7), the angles corresponding to [1]+OTf- have 

increased by ~1° but with prominent increase in N1-Sb-N4 angle showing the flipping of 

the phenyl and pyridine resulting in the two phenyl rings in this complex to be in opposite 

side unlike in the case of [1]-Cl. 
 

                                
Fig. 4: Molecular structure of obtained [1]-Cl2-aNHC in ORTEP representation with 50% displacement 

ellipsoids as shown (hydrogen atoms and few carbon labeling are omitted for clarity).   

 

Bond	  lengths	   (Å)	   Bond	  angles	   (°)	  
Sb-‐O	   1.958	   Sb-‐O-‐Sb’	   123.10	  
Sb’-‐O	   1.958	   Cl1-‐Sb-‐Cl2	   175.91	  
Sb-‐Cl1	   2.616	   Cl1’-‐Sb’-‐Cl2’	   175.91	  
Sb-‐Cl2	   2.591	   Cl1-‐Sb-‐O	   88.86	  
Sb’-‐Cl2’	   2.591	   Cl2-‐Sb-‐O	   87.09	  
Sb2-‐Cl1’	   2.616	   Cl1’-‐Sb’-‐O	   87.09	  
Sb-‐C	   2.181	   Cl2’-‐Sb2-‐O	   88.86	  
Sb’-‐C’	   2.181	   C-‐Sb-‐O	   86.15	  
	   	   C’-‐Sb’-‐O	   86.15	  

Table 8: List of specific bond lengths and bond angles of [1]-Cl2-aNHC molecule in angstrom and degree 

units respectively.   
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The [1]-Cl2-aNHC complex (Fig. 4) is a symmetric complex in a dimeric form. In 

observation of the bond lengths and bond angles (Table 8), it is clearly evident that there is 

presence of center of inversion about the O atom. Both the Sb metal centres of the 

molecule possess a see-saw geometry with the nearly linear Cl-Sb-Cl (175.91°~180°) 

bond. The Sb-O-Sb’ (123.10°) bond has a bent configuration bridging the abnormal 

carbene centers (C3 and C3’). Usually, NHCs are known to exhibit ‘normal’ binding mode 

with the metal-centre but sometimes due to various factors NHCs undergo isomerism and 

tend to exhibit ‘abnormal’ binding mode with the metal-centre. The factors responsible for 

the ‘abnormal’ binding in [1]-Cl2-aNHC are yet to be studied. 

 

4.2 NMR Spectroscopic Evidences: 

4.2.1. NMRs of N-phenylpyridine-2-amine, [1]: 

 
Fig. 5: 1H NMR of N-phenylpyridine-2-amine [1] at 400 MHz in CDCL3. 
1H NMR (400 MHz, CDCl3, δ, ppm): 6.61 (1H, br-s, NH), 6.72 (1H, ddd), 6.88 (1H, 

ddd), 7.04-7.06 (1H, m), 7.31-7.33 (4H, m), 7.46-7.48 (1H, m), 8.20-8.21 (1H, m).  
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Fig. 6: 13C{1H} NMR of N-phenylpyridine-2-amine [1] at 100 MHz in CDCL3. 
13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 108.28, 115.13, 120.44, 122.92, 129.39, 

137.80, 140.51, 148.49, 156.07.  

 

4.2.2. NMRs of monochloro amino stibane complex, [1]-Cl: 

 
Fig. 7: 1H NMR of monochloro amino stibane complex [1]-Cl at 400 MHz in CDCl3. 
1H NMR (400 MHz, CDCl3, δ, ppm): 6.11 (2H, ddd), 6.54 (2H, ddd), 6.68 (4H, ddd), 

7.12-7.13 (2H, m), 7.21-7.22 (4H, m), 7.36-7.37 (1H, m), 7.95-7.96 (2H, m).  
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Fig. 8: 13C{1H} NMR of monochloro amino stibane complex [1]-Cl at 100 MHz in CDCl3. 
13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 107.8, 112.52, 126.07, 128.97, 139.45, 

141.49, 144.71, 162.51. 
 

4.2.3. NMRs of dichloro amino stibane complex, [1]-Cl2: 

 
Fig. 9: 1H NMR of dichloro amino stibane complex [1]-Cl2 at 400 MHz in CDCL3. 
1H NMR (400 MHz, CDCl3, δ, ppm): 6.35 (1H, ddd), 6.77 (1H, ddd), 7.25-7.27 (2H, 

m), 7.31-7.32 (1H, m), 7.47-7.48 (2H, m), 7.57-7.58 (1H, m), 8.00-8.01 (1H, m).  
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Fig. 10: 13C{1H} NMR of dichloro amino stibane complex [1]-Cl2 at 100 MHz in CDCL3. 
13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 108.26, 114.36, 127.39, 129.39, 139.28, 

140.85, 144.02, 162.15. 
 

4.2.4. NMRs of stibonium cationic complex, [1]+ OTf-: 

 
Fig. 11: 1H NMR of stibonium cationic complex [1]+OTf- at 400 MHz in CDCL3. 
1H NMR (400 MHz, CDCl3, δ, ppm): 6.88 (2H, ddd), 7.08 (2H, ddd), 7.20-7.25 (2H, 

m), 7.33-7.34 (4H, m), 7.45-7.5 (4H, m), 7.75-7.76 (2H, m), 8.00-8.01 (2H, m).  
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Fig. 12: 13C{1H} NMR of stibonium cationic complex [1]+OTf- at 100 MHz in CDCL3. 
13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 110.36, 114.15, 123.04, 125.29, 128.22, 

129.03, 129.93, 140.63, 142.30.  

 

 
Fig. 13: 19F{1H} NMR of stibonium cationic complex [1]+OTf- at 376.6 MHz in CDCL3. 
19F{1H} NMR (376.6 MHz, CDCl3, δ, ppm): -78.39. 
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4.2.5. NMRs of obtained abnormal dimer complex, [1]-Cl2-aNHC: 

 
Fig. 14: 1H NMR of the obtained [1]-Cl2-aNHC complex at 400 MHz in CDCl3. 
1H NMR (400 MHz, CDCl3, δ, ppm): 1.71 (18H, s), 1.84 (18H, s), 7.97 (2H, s), 8.83 

(2H, s). 
 

 
Fig. 15: 13C{1H} NMR of the obtained [1]-Cl2-aNHC complex at 100 MHz in CDCL3. 
13C{1H} NMR (100 MHz, CDCl3, δ, ppm): 30.21, 31.39, 126.39, 128.21, 129.03, 

129.57.  
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4.2.6. NMRs of preliminary catalytic reactions with [1]+OTf- as catalyst: 

 
Fig. 16: 1H NMR of the test catalytic reaction of hydroboration with [1]+OTf- as catalyst at 400 MHz 

in CDCl3.  
1H NMR (400 MHz, CDCl3, δ, ppm): 4.94 (2H, s). Calculated yield = (1.8)/2 = 90%. 

 

 
Fig. 17: 1H NMR of the test catalytic reaction of cyanosilylation with [1]+OTf- as catalyst at 400 MHz 

in CDCl3.  
1H NMR (400 MHz, CDCl3, δ, ppm): 5.55 (1H, s). Calculated yield = (0.87)/1 = 87%. 
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Fig. 18: 13C{1H} NMR of the test catalytic reaction of cyanosilylation with [1]+OTf- as catalyst at 100 

MHz in CDCl3.  

 

All the NMRs served as supporting information and helped to check the purity of the 

compounds. The conversion yield% of the catalytic reactions was calculated based on 

NMR peak integration. 

 

4.3. Mass Spectroscopic evidences: 

 
Fig. 19: HRMS spectroscopic data of monochloro amino stibane complex [1]-Cl in THF. 
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Fig. 20: HRMS spectroscopic data for dichloro amino stibane complex [1]-Cl2 in THF. 

 

 
Fig. 21: HRMS spectroscopic data of stibonium cationic complex [1]+OTf- in THF. 
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5. Conclusions: 
 

Pnictogen complexes are gathering highlighting attention in the field of organometallic 

chemistry. Specifically, electron deficient pnictogen complexes are alluring great interest in the 

field of Lewis acid chemistry. In contribution to this Lewis acid chemistry, in this thesis project 

we aimed to synthesize stibonium (III) cationic complex, [1]+OTf- for which we have synthesized 

two non-reported precursors, monohalo amino stibane complex, [1]-Cl and dihalo amino stibane 

complex, [1]-Cl2. By utilizing [1]-Cl, we successfully synthesized stibonium (III) cationic species, 

[1]+OTf-. Further, we tried to explore the reactivity and catalytic activity of [1]+OTf-. 

Unfortunately, most of the reactivity reactions we tried didn’t result in the desired product but we 

observed that [1]+OTf- is less likely to bind to weak donor like MeCN. Based on the NMR 

spectroscopic studies of the preliminary catalytic reactions set up for Hydroboration and 

Cyanosilylation of aldehydes, it is proved that [1]+OTf- is capable of acting as a catalyst as it 

resulted in appreciable conversion with yield of 90% and 87% respectively. On the other hand, 

we also made efforts to generate the cationic species of [1]-Cl2 but didn’t obtain the desired 

cationic complex. But during this synthetic investigation, we obtained [1]-Cl2-aNHC complex, 

which is different from the desired product yet an interesting species to carry out further studies 

to investigate the factors that are responsible for the formation of such dimer complex with 

‘abnormal’ binding of NHC and to further predict the possible mechanism pathway.  

 

From this thesis study, it is proved that the synthesized stibonium (III) cationic complex, [1]+OTf- 

is capable of acting as a catalyst for both hydroboration and cyanosilylation of aldehydes and 

this can be further utilized for their thorough catalytic studies, which include optimization of 

catalyst loading, time standardization and substrate scope. We can also extend its catalytic 

activity by exploring with other substrates like ketones, alkenes and alkynes. Additionally, we 

can utilize different NHCs to explore and study the ‘abnormal’ mode of binding of different 

carbenes to the metal-centre.  
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