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 LITERATURE REVIEW 

 

INTRODUCTION 

In recent decades, there has been interest in the development of new polymeric 

systems. In particular, research has been conducted to investigate the potential of inorganic 

polymeric systems. In some cases, inorganic polymers have displayed enhanced properties 

over organic polymers.1 Inorganic polymers generally contain bonds that are more resistant 

to free radical cleavage and elements with different valencies than carbon. These features 

affect the flexibility, reactivity, thermal and oxidative stability, and solvent interactions of the 

material. 

In the 1940s, the first inorganic polymers, the silicones, (R2SiO)x,
2 were developed. 

These polymers are composed of alternating silicon and oxygen atoms, and are utilized in a 

variety of commercial applications. Since then, other well-developed systems have included 

polyphosphazenes, (R2P=N)x,
3-4 and polysilanes, (R2Si)x.

5 Particularly interesting is the 

foundational work of Harry Allcock and coworkers on polyphosphazenes,6-7 which have 

alternating phosphorus and nitrogen atoms in their backbones. There are several hundred 

known polyphosphazenes with combinations of more than 250 different organic side groups. 

Due to the versatility of these organic side groups, polyphosphazenes have demonstrated a 

range of properties, including being flame retardant materials, having resistance to harsh 

chemical attack and UV radiation, as well as having stability at high temperatures and 

semiconducting or insulating capabilities.8  

 Boron-nitrogen polymers have also raised interest due to their potential to be useful 

conductors/semiconductors, since they are isoelectronic analogs of polyacetylene and other 
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organic conductors.9-11 In the 1950s and 1960s, there was much research in determining 

possible B-N polymers through the use of IR spectroscopy, however, most synthesized 

materials were hard, intractable, usually organic solvent-insoluble resins.12 In the 1970s, 

there were reports of thermolysis reactions of amino(silylamino)boranes, generally leading to 

the formation of the cyclic trimer borazine, rather than linear polymers.13  

 In recent years, there has been work by Ian Manners and coworkers demonstrating the 

potential to synthesize an array of BN oligomers from the dehydrogenation/dehydrocoupling 

reactions of amine-boranes.14-16 By starting with amine boranes, RR’R’’N•BH3, (R, R’, R’’ = 

H, alkyl, aryl), and using a transition metal catalyst, Manners and coworkers were able to 

synthesize a variety of products, ranging from aminoboranes, RR’N=BH2, to 

polyaminoboranes, (RNH-BH2)n, the BN analogs of polyolefins. Most interestingly, 

however, has been their work demonstrating the ability to obtain these products through 

metal-free reactions. Although this synthetic strategy has limitations as to the types of 

moieties about the BN bond, this example demonstrates the potential of BN compounds to be 

used as hydrogen storage materials, a new and exciting application of BN polymeric 

systems.17 

 This literature review will encompass the key inorganic and main group chemistry 

topics that relate significantly to the research to be presented in subsequent sections. First, 

fundamental aspects of boron nitrogen chemistry will be discussed, involving the nature of 

the B-N bond and past attempts to produce BN polymers. Second, the chemistry of silicon-

nitrogen-boron systems will be presented, including the synthesis and reactivity of various 

(silylamino)borane systems. Lastly, the chemistry of selected silicon-nitrogen-phosphorus 
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systems will be introduced, with emphasis on the synthesis of (silylamino)phosphines as it 

relates to the work to be presented in this dissertation.  

 

BORON-NITROGEN CHEMISTRY 

Interest in boron-nitrogen chemistry comes from the isoelectronic relationship 

between a B-N bond and a carbon-carbon bond. As a result of this relationship, the bonding 

of CC systems is quite comparable to BN systems, as depicted in Figure 1. Compounds 

composed of BN bonding are often classified in three main groups: amine boranes, 

aminoboranes, and iminoboranes.18 Important to also note is the class of cyclic BN 

compounds known as borazines, often referred to as inorganic benzenes since these 

compounds are isoelectronic analogues of the organic compound benzene. For the purpose of 

this literature review, only the nature of bonding within the aminoboranes will be discussed. 

 

 

Figure 1.  Bond lengths of carbon-carbon systems compared to boron-nitrogen systems 



4 

 

 

Nature of the B-N bond. Several research groups have worked to understand the 

nature of the B-N bond. Such work has resulted in the conclusion that the bond within 

aminoboranes, R2NBR2, has some double bond character. This double bond is a result of the 

overlap of sp2 orbitals of B and N atoms to form a σ bond, with the donation of lone pair 

electrons from N to the empty 2p orbital of B to form a p-p π bond.  

There is a great deal of physical evidence to support the presence of a double bond 

linkage. First, a B-N bond distance of 1.38 Å has been reported in a diffraction study of 

Me2NBCl2, which is comparable to that of ethylene (1.33 Å).19 Second, aminoboranes have 

low dipole moments (0 to 1.6 D), indicating that the π contribution is significant enough to 

offset the σ moment.20 Third, π bond orders of 0.7 to 0.8 have been calculated and support 

the belief that considerable multiple bonding is occurring.21 Lastly, aminoboranes are 

typically planar with bond angles of ca. 120 °, analogous to that of alkenes.22  

The notion of the B-N bond having double bond character has also been supported by 

studies of rotational barriers within unsymmetrically substituted aminoboranes via dynamic 

NMR spectroscopy.23-25 The B-N rotation barriers of monoaminoboranes, I (Figure 2), are 

typically in the range of 17 to 24 kcal/mol, and are affected by electronic and steric factors. 

In bisaminoboranes, II (Figure 2), there is a substantial decrease in rotation barriers (10 to 11 

kcal/mol) due to the lone pairs on the two N atoms being in competition for the empty p-

orbital on B.  
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Figure 2. Monoaminoboranes vs. Bisaminoboranes 

 

This trend, however, does not extend to trisaminoboranes. This change is probably 

due to steric factors causing one amino substituent to rotate out of the plane of the remaining 

amino groups and assume an orthogonal position with respect to the NBN plane. This 

rotation causes trisaminoboranes to have barrier values comparable to those of 

bisaminoboranes. Overall, steric factors lead to a decrease in rotation barriers because the 

ground state is distorted towards the transition state, weakening the π overlap and reducing 

the rotation barrier. 

 

Attempted syntheses of B-N Polymers. Although a B-N bond is isoelectronic with a 

C-C bond, the formation of linear polymers with B-N backbones analogous to those with  

C-C backbones has many challenges. The hydrolytic stability of such systems are affected by 

the nature of the groups attached to boron and/or nitrogen.26 The large obstacles to overcome 

involve the formation of cyclic trimers polyborazine, (XBNY)n, and polyborazene, 

(X2BNY2)n.
27 These types of products are thermodynamic sinks, usually formed in the 

condensation reactions of aminoboranes. An interesting aspect of certain cyclic trimers is 

their ability to form chain polymers by linking B-N rings. Although this is not the current 

goal of the research being presented herein, it is worthy to cover the history of various past 
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attempts towards B-N polymeric systems as a means of explaining the current research 

strategy.  

 

Formation of poly(borazines). There are numerous reports on the effect of varying 

substituents on the B and N atoms, in the hope that electronic or steric effects would inhibit 

the formation of rings in favor of chains. However, variations of substituents on the N atoms 

(in dehydrohalogenation rxns) have not led to the formation of long chains. The success of 

linear polyborazine has been in the pyrolysis of bis(alkylamino)phenylboranes as a result of 

steric hindrance to ring formation. This has been viewed with a degree of reservation since 

there is no authentic example of a polyborazine which exists as both a borazine and a linear 

polymer. Attempts to form linear polyborazines via ring-opening reactions of borazines has 

generally led to the linkage of borazine rings to yield polymeric-like substances, not the 

actual formation of a linear structure as a result of ring opening reaction. 

In a U. S. Borax patent28 there was reference to linear B-N polymers produced by 

heating substituted borazines at 350-600 °C under pressure. Numerous catalysts were utilized 

to initiate polymerization, including primary and secondary amines, sodium amide, Grignard 

reagents, zinc chloride, trifluoroacetic acid and potassium oxide. After heating B-triphenyl-

N-trimethylborazine for ca. 72 hours in an evacuated tube at 450-485 °C, a hard shiny black 

material was produced. The patent authors did not offer any further characterization or 

proposed structure.  

Gerard and coworkers29 found that p-toluidine was evolved from B-triamino-N-tri-p-

tolylborazine at 250 °C; giving a brown solid residue, that was soluble in certain organic 
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solvents and fairly stable to moisture. They postulated the residue to be a linear polymer, 

formed by an intermolecular elimination of p-toluidine.  

The more common products of aminoborane condensation reactions are 

polyborazines, (X2BNY2)n. Polymeric aminoborane was first obtained by Alfred Stock in 

1932 as a result of the electrolysis of diborane in liquid ammonia.30 To explicitly prepare 

borazine, Stock heated the ammonia addition product B2H6•2NH3 at 200 °C for several 

hours.31 When the resulting borazine was then heated for several hours at 500 °C, Stock 

reported that it decomposed to produce multiple products, including hydrogen, a nonvolatile 

solid of composition BNH and trace amounts of volatile materials. If heated to 900 °C, the 

non-volatile solid lost additional hydrogen. Wiberg32 later concluded that the solid of formula 

BNH was a polymer having a boron-nitrogen framework and that the non-volatile solid was 

boron nitride forming at 900 °C.  

Shore and Hickham33 developed a method to synthesize polymeric borazene 

involving the reaction of sodium acetylide with the diammoniate of diborane in liquid 

ammonia (eq 1). Although polymeric aminoborane was the primary product of this method, 

the cyclic trimer (cyclotriborazene) was also produced in ~15 % yield. 

 

 (1) 

 

Dewing34 was the first to report the preparation of polymeric dimethylaminoborane 

by heating the monomer at 150 °C and 3000 atmospheres (Figure 3). The polymer was found 

to be amorphous and insoluble in the usual solvents. Authors claimed that at ambient 

temperatures, it reverted back to the dimer. 
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Figure 3. Polymeric dimethylaminoborane 

 

Other reported polymeric substances have been results of the inclusion of B-B bonds 

in the chains,35 N-N bonds in the chains,36 and the cross-linking of B-O bonds.37 Although 

interesting in structure, many have shown poor stability and an ease towards hydrolysis. 

Suggested applications for some of these products have included use as protective coatings 

on steel, aluminum and glass, as well as self-supporting films for light transparent neutron 

barriers and space vehicle windows.  

After these early studies, various groups worked to investigate the potential of 

preparing polymeric systems based upon linked borazine rings via direct linkage or through 

oxygen atoms linkages. Examples of both methodologies will now be presented.  

 

BN polymeric systems via direct linkage of borazine rings. Laubengayer et al38 

reported a detailed study on the pyrolysis of borazine to boron nitride, with identification of 

the intermediate compounds along the way. They reported BN analogs of naphthalene (III) 

and diphenyl (IV) (Figure 4). The structures were proposed based on IR spectroscopy and 

powder X-ray diffraction. Although the data obtained did not lead to a detailed mechanism, 

the authors hypothesized that thermal decomposition must have required ring cleavage, 
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resulting in a much more complicated process than the thermal decomposition of the C-C 

analogue benzene.  

 

 

Figure 4. BN analogues of naphthalene (III) and diphenyl (IV) 

 

Wagner and Bradford39 reacted various borazines but in each pyrolysis experiment, 

~89 % of the starting materials were recovered unchanged. A successful polycondensation 

was that of B-dichlorotetramethylborazine (R’ = Y = Cl) with N-dilithiotetramethylborazine 

(R = X = Li), which yielded a clear yellow resin, in trace amounts, after heating in vacuo at 

150 °C (Figure 5). The polymeric substance was stabilized by a bridging B-N bond but was 

obtained in only low yield, which was accredited to the resistance of the substituted 

derivatives toward the necessary step of hydrogen elimination. 
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Figure 5. Condensation product of B-dichlorotetramethylborazine with N-dilithiotetramethylborazine 

 

Another method of crosslinking poly(borazines) came from Aubrey and Lappert.40 

The first step of their methodology was the preparation of the triaminoborane from the 

addition of boron trichloride to a primary amine in an inert solvent at -78 °C (eq 2). 

 

BCl3   +   6 R•NH2   →   B(NHR)3   +   3 R•NH2, HCl (2) 

 

Upon heating at 200 °C, the triethylaminoborane, (B(NHR)3, (R = Et), converted to 

the borazine V (Scheme 1), in 3.5 hours as a viscous, colorless liquid. Further heating 

resulted in the elimination of ethylamine, which corresponded to the formation of the 

condensation dimer VI. Ultimately, when dimer VI was heated to 600 °C, polymer VII was 

afforded.  
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Scheme 1. Conversion of tri(amino)borane to borazole intermediate to dimer to polymer 

 

Characterization studies showed that polymer VII was insoluble in inert organic 

solvents, was only slowly attacked by cold water but did hydrolyze in boiling water to boric 

acid and ethylamine. Similarly, other borazines were obtained (R = cyclohexyl, CH2Ph, or 

Ph) and pyrolized. However, in the triaminoborane compound, with R = tBu, only the 

borazine stage (V) was achieved due to steric hindrance. 

Gerrard and coworkers41 prepared polyborazines by the vacuum pyrolysis of  

B-tris(dialkylamino)borazines. These linear polymers were produced initially at ~200-300 °C 

but polycondensation proceeded at ~350-400 °C to yield infusible cross-linked materials.  

Gutmann and coworkers42 prepared solid polymers of B-chloro-borazines by 

treatment with potassium. A product obtained from B-dichloro-B-n-butyl-N-

trimethylborazine had a degree of polymerization of 6, showed signs of softening at  
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110-120 °C and was thermally stable up to 400 °C. 

Toeniskoetter and Hall43 also investigated the thermal decomposition of a series of 

triaminoboranes to form borazines (Figure 6), which were then pyrolyzed either in sealed 

evacuated tubes under pressure or on the vacuum line with continuous removal of volatile 

products.  

 

 

Figure 6. Borazines from the pyrolysis of triaminoboranes  

 

In the pyrolysis of the trimethyl analogue (Y = Me), heating above 120 °C resulted in 

the production of borazine, as well as ammonia and methylamine, in an approximately 1:2 

molar ratio. For the production of borazines, in the Y = Ph analogues, heating to high 

temperatures (300 °C) with long durations (18h) was required. In addition to borazine 

production, aniline was a byproduct in all cases. Although no detailed mechanism was 

provided, the authors attributed this to a ring-opening mechanism in the pyrolysis process.  

Years after, Paciorek and coworkers44 revisited the pyrolysis of borazine due to the 

interest in “polymerizable” borazines and their potential suitability as boron nitride 

precursors. Three borazines were subjected to controlled stepwise thermal treatments: B-

triamino-N-triphenylborazine, B-trianilinoborazine, and B-triamino-N-trimethylborazine. 
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The authors were in agreement with Toeniskoetter,43 claiming that the pyrolysis was due to a 

ring opening mechanism. Upon ring opening of the borazine, it could polymerize by an 

elimination of ammonia or aniline or reclose to afford either the starting material or an 

isomer. If heated at low temperatures, a singly bridged dimer was produced. Further heating 

resulted in the doubly bridged dimer (Figure 7).  

 

 

Figure 7. Singly bridged and doubly bridged dimers 

 

BN polymeric systems via linkage by oxygen atoms (polyborazylene oxides). A 

first report of (polyborazylene)oxides was by Wagner and Bradford.45-46 This involved the 

preparation of poly(tetramethylborazylene oxide) via the hydrolysis of B-dichloro-

tetramethylborazine under controlled conditions (eq 3). 
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(3) 

 

Young et al,47  and Toeniskoetter and Killip,48 each reported other polyborazylene 

oxides from the decomposition of B-trihydroxyborazines and condensation of N,N-

dimethylforamide and amine hydrochloride, respectively.  

 

Attempts to prepare linear BN polymeric systems. An early investigation into the 

potential of linear BN polymeric systems was conducted by Schlesinger and coworkers,49 

who studied the preparation of triborine triamine (B3N3H6), a poly(iminoborane) from 

ammonia and diborane. In the process, they successfully obtained small quantities of a new 

volatile compound with the molecular formula of B2H7N, to which they assigned the 

following structural formula (eq 4). 
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(4) 

 

The substance B2H7N appeared to be stable for up to several days. However, when a 

sample was left at room temperature for several months, there was a rise in vapor pressure 

and the substance decomposed to yield B2H6 and (BH4N)x. Further characterization of this 

polymeric material was not given. Interestingly, the substance B2H7N appeared to hydrolyze 

easily in acid solution, yielding five volumes of hydrogen, two equivalents of boric acid and 

one equivalent of ammonium ion. 

Schaeffer and Basile50 observed the formation of (BH2NH2)3 via the reaction of 

diborane in an ether slurry of lithium amide. When excess diborane was present, the reaction 

proceeded smoothly to completion at -64 °C, recovering the diborane was the ether-insoluble 

polymeric material. This method provided a convenient route to polymeric aminoborane, 

which previously had only been available via the decomposition of aminodiborane.  

Another method to achieve (BH2NH2)3, a cyclohexane analog, involved the addition 

of hydrogen chloride to borazine followed by reduction with sodium borohydride (eq 5).51 

 

2B3N3H6•3HCl   +   6NaBH4   →   2B3N3H12   +   6NaCl   +   3B2H6 (5) 

 

Due to the alternating positive and negative charges throughout the ring, (BH2BH2)3 

exhibited a highly polar character and high stability. The cyclic trimer structure was 

confirmed by elemental analysis, IR and powder diffraction. 
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Böddeker and coworkers52 further studied the reactions of Dahl and Schaeffer in the 

preparation of polymeric BH2NH2. They were able to produce the cycloborazane via 

treatment of diammoniate of diborane with sodium amide in liquid ammonia. Although there 

were wide ranges in yield, the structure was successfully confirmed by elemental analysis 

and X-ray diffraction.  

In an early attempt to prepare linear B-N polymers, Burg and Banus53 observed the 

formation of a polymeric substance with the formula (CH3NBF)x (VIII, Figure 8). This 

substance, as well as boron nitride, was obtained when (CH3)2NBF2 was either heated in 

vacuo or left for days in an ether solution at room temperature. To prepare the starting 

(CH3)2NBF2, a fluoride substitution in the reaction of BF3 and (CH3)2NB(CH3)2 was 

necessary. Upon further analysis, it was concluded that the polymeric material, (CH3NBF)x, 

obtained equal portions of B, N and F.  

 

 

Figure 8. Polymeric substance from Burg/Banus53 (VIII) and Bissot54 (IX) 

 

Bissot and coworkers54 studied the decomposition of the borane adducts of 

methylhydroxylamines. The methoxy derivative, (MeONBH)n, was obtained via the slow 

pyrolysis of the methoxy adduct, MeONH2•BH3, at 55 °C. If heated rapidly to 90 °C, a 

violent reaction occurred. When heated slowly, hydrogen evolved at a slow rate, giving off 

additional products such as a complex solid mixture of NH3, B(OMe)3 and in some cases 
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CH3OH. After heating in a sealed tube at 300 °C, the viscous mass changed to a white solid, 

with the formula BN1.12(OMe)0.1H1.3. The pyrolysis of O,N,N-trimethylhydroxylamine-

borane was quite different. Since there was no hydrogen attached to nitrogen, it was 

impossible for low temperature hydrogen evolution, followed by the necessary methoxy shift 

in order to obtain product IX (Figure 8). 

In another attempt to prepare a methoxy containing BN polymer, Haworth and 

Hohnstedt55 studied the pyrolysis of the 1:3 borazine-methanol adduct. Upon heating to  

100 °C, a low yield of hydrogen was obtained. Continued heating led to the formation of a 

polymeric substance, with formula BxNxHy(OMe)y, as well as (MeOBNH)3, B(OMe)3 and 

boron nitride (eq 6). No further characterization of the polymeric substance was reported. 

 

 
(6) 

 

There are few cited linear copolymers of the B-N nature. An early report from Burg 

and Randolph56 indicated that a copolymer was obtained by the combination of Me2NBH2 

and (Me2N)2NH at room temperature, yielding a white solid upon heating, a result of hydride 

exchange.  

 Burch and coworkers57 synthesized a series of non-cyclic di(alkylamino)phenyl 

boranes, (R•NH)2BPh, via the treatment of PhBCl2 with the necessary primary amine (R2NH) 

(eq 7). Pyrolysis at 250-310 °C produced various products, dependent upon the alkyl R 

moiety. When the alkyl group was small (R = Me or Et), only the formation of cyclic 

borazole was observed. With the incorporation of more branched R groups (R = nPr or nBu), 

both the cyclic borazine and a non-cyclic polyboronamine (R = nPr, nBu) were formed. And 
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lastly, with highly branched R groups (R = iBu, sBut, tBu or iPr), only the non-cyclic 

polycondensate were obtained. Viscosity measurement studies showed chain lengths of 20-

40 units, with thermal stabilities up to 350 °C. Although thermally stable, the condensates did 

easily hydrolyze. This achievement of non-cyclic polycondensation was attributed to steric 

hindrance as a result of the bulky R groups. In terms of ease of condensation, the branched 

alkylamine groups gave the following trend: iBu > sBu ~ iPr > tBu. 

 

 

(7) 

 

With the report that highly branched substituents suppress trimer formation by their 

steric influence, thus favoring the production of linear boron-nitrogen polymers, Semlyen 

and Flory58 set out to reproduce the isobutyl compound of Burch and coworkers. The 

pyrolysis of di(isobutylamino)phenylborane at 260-315 °C proceeded with the slow 

elimination of isobutylamine, however linear boron-nitrogen condensates were not identified. 

Instead, B-triphenyl-N-tri-isobutylborazine was formed. Due to irreproducible results, the 

formation of such linear polyboronamines is questionable.  

As discussed, there is evidence that bulky substituents about the B-N bond play a 

large role in determining the route of condensation. Large substituents have led to the 

formation of cyclic dimers, one example being 1,3-diaza-2,4-boretane from Lappert and 

Majumdar.59 This dimer was produced from the reaction of (tBuNH)2BCl with Et3N (eq 8). 

The dimer, which is isoelectronic with cyclobutadiene, exhibited high stability and was fully 

characterized by elemental analysis, molecular-weight determinations and mass spectrum.  
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(8) 

 

CHEMISTRY OF SILICON-NITROGEN-BORON SYSTEMS 

Nature of the Si-N-B bonding system. When silyl substituents are incorporated in a 

B-N system, there is a profound effect upon rotational barriers due, in part, to the π bonding 

between the p-orbital on nitrogen and the vacant 3-d orbitals on silicon, making the electrons 

less available for coordination with acceptor reagents (Scheme 2).61-61 There are several lines 

of evidence for this effect. First, the force constants for some Si-N-B compounds, such as 

(Cl3Si)2NBCl2 and (Me3Si)2NBCl2, show that silylation weakens the B-N π bond.62 Second, 

trisilylamines, for example (H3Si)3N, have a planar configuration at nitrogen along with sp2 

angles (120 °) and a low Lewis basicity.63 

 

 

Scheme 2. Resonance of a Si-N bond 

 

Wells and coworkers64 performed a number of studies on (silylamino)boranes and 

reported an unexpectedly high barrier of rotation about the Me2N-B bond in 

(Me3Si)2NB(Cl)NMe2. It was observed that the N(SiMe3)2 moiety was rotated out of the 
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plane so there was no competition for the empty p-orbital on boron (Figure 9). Other studies 

have also concluded that the B-N rotational barriers are quite sensitive to both the electronic 

and steric characteristics of the substituents about the B-N moiety.65-67 

 

 

Figure 9. “Twisted” confirmation about the Me2N-B in (R3Si)2NB(Cl)NMe2 

 

It is important to note that as the size of the silylamino group R2N increases, there is 

an increase in the magnitude of the B-NMe2 rotational barrier. It can be concluded that this 

increase in the B-NMe2 bond order is at the expense of the B-NR2 π overlap, which decreases 

due to the steric inability of the larger R2N groups to be coplanar with the B-NMe2 moiety. 

The N-Si (pd) π bonding will reduce the B-N π overlap in the Si-N-B linkage, substantially 

changing the degree of B-N π bonding as reflected by the B-N rotational barriers.  

 

Synthesis of Si-N-B systems. The combination of an amine and a boron halide may 

result in several products: the adduct, the aminoborane, or the cyclic trimer. In such systems, 

there are often two competitive routes: the elimination of HX versus R3SiX (Scheme 3).  
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Scheme 3. Elimination of HX versus R3SiX 

 

As a result, compounds containing both N-H and N-SiMe3, along with B-X (X = 

halide) functionalities are usually quite unstable, often resulting in the condensation to the 

cyclic trimer or to polymeric/oligomeric materials.68 To assist in the stability of such 

materials, the incorporation of silyl groups has been widely demonstrated. When a Si-N bond 

is present, there is an observed lowering of the N-B rotation barrier, possibly due to some 

degree of Si-N π bonding.  

 Among the first reported (silylamino)boranes, Herzog and coworkers69 investigated 

various trimethylsilylamine adducts of Me3Si-NHR with BF3 and noted the role of the R 

group. The adducts were usually quite unstable at room temperature, with decomposition 

proceeding by the elimination of Me3SiF to form aminoboranes, RNH-BF2 (R = i-Pr or t-Bu) 

or the cyclic trimer (R = Me, Et, i-Pr, t-Bu, Ph). If the same reaction proceeded in the 

presence of a hydrogen fluoride acceptor, then aminoboranes thermally decomposed to afford 

B-fluoro-borazines (eq 9).  
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(9) 

 

 Wells and Collins70 utilized dehydrohalogenation and cleavage reactions to 

synthesize a series of unsymmetrically substituted trisaminoboranes. Reactions proceeded 

rapidly at room temperature and most of the trisaminoboranes were obtained in good yields. 

In particular, when the bis(trimethylsilyl)aminotrimethylsilylaminochloroborane was reacted 

with n-butyllithium they observed the formation of 1,3-trimethysilyl-2,4-bis(trimethylsilyl-

amino-1,3-diaza-2,4-diboretane (Figure 10). They concluded that the formation of the dimer 

rather than the expected trimer was due to the bulkiness of the N(SiMe3)2 group.  

 

 

Figure 10. Structure of 1,3-trimethysilyl-2,4-bis(trimethylsilyl-amino-1,3-diaza-2,4-diboretane 

 

Other groups71 also looked into the role of R groups in various 

[bis(trimethylsilyl)amino](chloro)boranes of the type R2NBClN(SiMe3)2  (R = C2H5, i-C3H7, 

C6H11, C6H5). These compounds showed no tendency to condense thermally under 

elimination of trimethylchlorosilane. However, when these compounds were allowed to react 

with NaN(SiMe3)2, rearrangements occurred, leading to the formation of N,N’-
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bis(trimethylsilyl)-tetramethylcyclodisildizane and R2NB(CH3)N(SiMe3)2 when R = C2H5 or 

i-C3H7. 

Knowing the effect played by R groups in bis(trimethylsilylamino)boranes, as well as 

the effect on barriers of rotation, Neilson and Wells72 investigated the role of different R and 

X groups on the condensation reactions of a series of (monosilylamino)boranes for 

comparison (Figure 11).  

 

 

Figure 11. Substituent variation in (monosilylamino)boranes 

 

They noted that the compounds containing small alkyl groups were thermally 

unstable and only their decomposition products could be successfully obtained. However, 

when bulky substituents were attached to N, such as i-Pr or t-Bu, the products were 

successfully distilled and characterized. When substituents methyl- and ethyl- were 

incorporated, they observed the elimination of Me3SiCl and condensation to borazines at 

room temperature. With bulky R groups (R = i-Pr, t-Bu), however, the chloroboranes were 

thermally stable and could be isolated by distillation and fully characterized.  

Corey73 reported the use of t-BuMe2Si as a bulky protecting group for many alcohols 

and amines where trimethylsilyl did not act as proper protection. Bowser and coworkers74 

utilized this moiety in the preparation of a series of tert-butyldimethylsilyl-substituted 
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aminoboranes (eq 10). They noted the low reactivity of the substituent as evidenced by the 

fact that the primary aminosilane, t-BuMe2SiNH2, could be isolated at room temperature, 

whereas Me3SiNH2 readily decomposed at room temperature, as observed with other small 

groups attached to silicon.75 All of these Si-N-B products were stable to distillation at 

moderate temperatures under reduced pressure.  

 

 

(10) 

 

When the B-Cl derivatives were allowed to react with excess ammonia or a primary 

amine, the formation of the primary aminoboranes was observed (eq 11).  

 

 

(11) 

 

In addition, compounds containing two or three bulky tert-butyldimethylsilyl groups 

such as [t-BuMe2SiN(H)]2BPh and [t-BuMe2SiN(H)]3B were similarly prepared. All of these 

compounds  appeared to be thermally stable, however those with smaller groups on nitrogen 

decomposed to borazines below 200 °C (eq 12).  
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(12) 

 

In systems with B-NH2 groups, the decomposition products were the corresponding 

silylamine and borazine (eq 13). This decomposition occurred through cleavage of the B-N 

bond, instead of the B-NH2, potentially as a result of steric strain.  

 

 

(13) 

 

Li and coworkers76 worked to prepare a series of Si-N-B boranes to develop new 

methods and to study reactions analogous to those in the Si-N-P systems. Starting with the 

chloroborane (Me3Si)2NBCl2, they were able to incorporate various alkyl groups to produce a 

series of B-alkylated (silylamino)boranes (Scheme 4). 
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Scheme 4. Incorporation of various alkyl groups to yield a series of B-alkylated (silylamino)boranes 

 

The first two B-alkylated(silylamino)boranes were obtained in good yield and high 

purity after a single distillation, however the third gave challenges, due to the formation of an 

unidentified byproduct during distillation, proposed to be [(Me3Si)2NB(i-Pr)2]. Their work 

also demonstrated that the chloroborane (Me3Si)2NBCl2 underwent smooth Si-N cleavage 

when treated with one equivalent of Me3SiNMe2 to give the borane (Me3Si)2NB(NMe2)Cl in 

good yield (eq 14).  

 

 

(14) 

 

Neilson and Li77 then prepared a series of diborylamines, (Me3Si)2NB(t-

Bu)N(H)BXY [(X = Y = NMe2), (X = Ph, Y = Cl), (X = Y = Cl)], by lithiating the primary 

amine followed by subsequent reaction with suitable chloroboranes, ClBXY (eq 15).  
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(15) 

 

All products were thermally stable, distillable liquids, which was attributed to the 

presence of bulky silylamino and t-Bu groups on boron. The synthesis of the compound with 

X = Y = Cl was significant because it was the first example of a diborylamine containing 

both B-Cl and Si-N bonds. This rare observation was due to the steric protection afforded by 

the tert-butyl substituent, since derivatives of other aminoboranes (Me3Si)2NB(R)NH2 (R = 

Ph, NMe2) could not be prepared.  

Neilson and Shaw78 investigated other types of boron-nitrogen polymer precursors. In 

order to overcome the problem of borazine ring formation, incorporation of a linear N-B-N-B 

unit was intended to prevent systems from condensing to six-membered rings under 

thermolysis conditions. Their method involved the use of acyclic diborylamines containing 

Si-N and B-X groups as starting compounds to link the nitrogen atoms of the N-B-N-B 

backbone through bridging –(CH2)n- by use of 1,3,2-diazaboracycloalkane ring systems. The 

bridges were intended to contribute structure rigidity and, in one case, X-ray diffraction 

displayed the achievement of a linear backbone of six B-N bonds (Scheme 5).  
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Scheme 5. Formation of N-B-N-B backbone through bridging –(CH2)n- by use of 1,3,2-

diazaboracycloalkane ring systems 

 

The study indicated that the exocyclic B(NMe2)2 groups were rotated out of the plane 

of the BN2C3 ring. This “twisted” orientation resulted in a higher rotation barrier, indicating a 

substantial degree of (p-p)π overlap in the terminal B-NMe2 bonds. This synthetic method 

was thought to be a model for possible synthetic pathways of a linear high polymer.  

Using a similar synthetic strategy, Shaw and Neilson79 were able to prepare a variety 

of derivatives (Scheme 6). Some of these derivatives were of interest as potential 

condensation “monomers” for the ultimate preparation of new B-N polymers and ceramic 

materials. 
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Scheme 6. N-Boryl derivatives composed of N-B-N-B backbone 

 

SILICON-NITROGEN-PHOSPHORUS CHEMISTRY 

Related to the chemistry of Si-N-B systems, previously discussed in this literature 

review, is the chemistry of Si-N-P systems. Due to the ground state geometries and 

stereochemical processes in aminophosphines, these types of molecules have attracted a 

significant amount of attention through the past few decades. With the incorporation of silyl 

moieties in the N-P bonding regimes, cleavage of various element-Si bonds by reactive 

halides now represents an important means for effecting substitution groups such as NR2, OR 

and SR. These types of molecules combine the structural stereochemical diversity of 

phosphines with the reactivity of the silicon-nitrogen bond. For the purpose of this 

dissertation, discussion of selected Si-N-P systems is important due to their analogous 

behavior with (silylamino)boranes.  

In early work from Neilson and Cowley,80 studies were conducted on the preparative 

chemistry of silylaminophosphines, including the synthesis of a range of N-trimethylsilyl-

substituted aminophosphines, Me3Si(R)NP(X)Y [R = Me3Si, Me, t-Bu; X = CF3, X = Y = Cl, 

F]. All of these compounds were obtained as colorless liquids which were thermally stable to 
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at least 100 °C (eq 16). They also prepared the bis(trimethylsilyl)amino and 

alkyl(trimethylsilyl)amino derivatives of chlorodiphenylphosphine.  

 

 

(16) 

 

In an interesting reaction when difluorodiphosphines were allowed to react with BCl3, 

a halogen exchange reaction took place (eq 17). This chlorination of the phosphorus-fluorine 

bond with BCl3 was thought to be a potentially useful procedure for the synthesis of 

otherwise inaccessible P-Cl compounds. The two products, however, were not thermally 

stable and underwent Me3SiCl elimination and condensed to unidentified yellow solids upon 

standing at room temperature. 

 

 

(17) 

 

As in the B-N systems, steric effects play an important role in the torsional barriers 

and geometries of N-P bonds. In the simple aminophosphines, H2NPH2, the nitrogen 

geometry changes from trigonal planar to approximately tetrahedral when the N-P lone pair 

angle is increased. It was found that as the steric bulk about the nitrogen substituents 



31 

 

 

increases, the ability of the N to adopt the non-planar ground state geometries becomes more 

challenging.  

Generally there are three types of silicon-nitrogen-phosphorus compounds, as 

illustrated below (Scheme 7).81 In aminophosphines, the phosphorus atoms are three 

coordinate and trivalent, while in the phosphoranimines, the phosphorus atoms are four 

coordinate and pentavalent.  

 

 

Scheme 7. Types of silicon-nitrogen-phosphorus compounds 

 

The reactivity of (silylamino)phosphines and N-silylphosphoranimines has been 

studied in-depth over the years in the Neilson group.82 To prepare the N-

silylphosphoranimines, the (silylamino)phosphines first undergo facile oxidation of the PIII 

center to the 4-coordinate PV state (eq 18). Following this oxidation, silyl migration occurs, 

although oxidative halogenation with halosilane elimination can also proceed (eq 19, 20). 
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Both types of reactions result in the preparation of various N-silylphosphoranimines, which 

can be converted to a wide variety of P-alkoxy or P-aryloxy substituted phosphoranimines.  

 

 

(18) 

 

(19) 

 

(20) 

 

The Wilburn method,83-85 coined by the Neilson group, is a “one-pot” procedure that 

produces the desired alkyl(silylamino)phosphines in yields of 70-95 %. There are two 

synthetic routes: one involves the addition of 1 molar equivalent of PCl3 to stirred solutions 

of various lithium silylamides, followed by 2 equivalents of methyl Grignard reagent; while 

the second route involves treatment of the lithium silylamide with PhPCl2 followed by 1 
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equivalent of MeMgBr (eq 21). The scope of the reaction is not limited to only trimethylsilyl-

substituted amines. This method allows for reactions to be carried out with unpurified 

commercial reagents, and products are obtained in good yields after only a single vacuum 

distillation. Other derivative chemistry utilizing the Wilburn method has involved the 

preparation of unsymmetrically substituted dialkylphosphine derivatives, as well as 

alkyl/phenyl substituted (silylamino)phosphines.86-88 

 

 

(21) 

 

Many of the N-silylphosphoranimines are useful precursors to 

poly(alkyl/arylphosphazenes) via a condensation polymerization process involving 

elimination of halo- or alkoxysilanes (eq 22). 

 

 

(23) 
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Similar to the previously discussed (silylamino)boranes, N-silylphosphoranimines 

have a very rich and synthetically useful derivative chemistry. There are documented three 

distinct modes of reactivity (Scheme 8).3 Cleavage of the Si-N bond has led to various series 

involving substituted chlorosilanes while the deprotonation-substitution chemistry has led to 

a variety of derivatives containing silyl, phosphinyl and organic functional groups. 

 

 

Scheme 8. Reactivity of N-silylphosphoranimines 

 

Given the wide variety of types of polyphosphazenes that can be synthesized given 

the discussed methods, there is also the potential to synthesize polyphosphazene analogs with 

spacer groups in the backbone. By introducing spacer groups, this may alter the properties of 

the resulting polymer, for example the glass transition temperature and thermal stability. 

Some of the skeletal hetero-elements that have been successfully incorporated have included 

transition metals into polyphosphazene chains,89 as well as other main group elements 

(skeletal carbon),90-92 sulfur atoms.93-94 Some most recent additions to this methodology have 

included new (silylamino)phosphines that contain 4-aryl functional groups on phosphorus, 

and new (silylanilino)phosphines that contain either a 4-aryl functional group on nitrogen or 

a phenylene ring between nitrogen and phosphorus. Seen as polymeric precursors, 

(silylanilino)phosphines could condense to yield poly(phenylenephosphazenes), a hybrid 
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polymer that combines the physical properties of phosphazene with the electronic properties 

of polyphenylene.   

Neilson and coworkers95-99 have investigated the incorporation of 4-aryl moieties to 

the phosphorus nitrogen systems, yielding various silylamino/silylanilino phosphines. In a 

modified version of the Wilburn method, the treatment of the intermediate 

dichloro(disilylamino)phosphine with 4-aryl substituted Grignard reagents yielded the 4-

aryl(chloro)phosphines (eq 24). By subsequent addition of MeMgBr, the desired 

alkyl/arylphosphines were obtained in high yields as distillable liquids.  

 

 

(24) 

 

These (silylamino)phosphines were then converted to new N-silylphosphoranimines 

and poly(phosphazenes) that contained 4-aryl functional groups. All were fully characterized 

by NMR spectroscopy and elemental analysis.  
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 As briefly stated, the 4-aryl functional group can also be incorporated into the P-N 

bonding arrangement, whether on nitrogen (type (a), Figure 12) or between nitrogen and 

phosphorus (type (b), Figure 12).  

 

 

Figure 12. Representations of (a) (silylamino)phosphines and (b) (silylanilino)phosphines 

 

In the preparation of type a derivatives, the mono-silylaniline was first reacted with n-

BuLi to yield the lithiated intermediate and then reacted with the desired chlorophosphine 

and MeMgBr (eq 25). The corresponding (silylanilino)phosphines were obtained in good 

yields.96  

 

 

(25) 

 

When treated with Br2, the phosphine oxidized to give the N-phenylphosphoranimine. 

Due to the instability and decomposition of this product during distillation, only the 31P NMR 

spectrum was recorded. The aryl-bromide was able to undergo metal halogen exchange, 

leaving the potential of the lithiated phenyl carbon to attack the P-Br center to form a 
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phenylenephosphazene. Although synthetically interesting, this has not been accomplished to 

date.  

 In related chemistry, in the preparation of type b derivatives, when the di-silylaniline 

underwent metal-halogen exchange by treatment with n-BuLi, the lithiated intermediate was 

obtained. This compound then underwent addition with various mono-chlorophosphines to 

afford disilylanilinophosphines (eq 26).  

 

 

(26) 

 

 Preliminary results as to the reactivity of these disilylanilinophosphines involved 

oxidation reactions with Br2. Reactions did appear to yield polymeric products, composed of 

an alternating N-P-Ph arrangement. After solvent removal, the polymeric products were 

obtained as amorphous solids, characterized by 31P and 1H spectroscopy, as well as GPC 

data. The apparent formation of polymeric compounds gives hope of this being a method to 

prepare new poly(phenylenephosphazenes), although more work is needed before the method 

can be definitive.  
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 In summary, this literature review has covered various topics related to the overall 

theme of boron-nitrogen chemistry with the incorporation of silyl moieties, ranging from 

bonding to polymeric attempts to (silylamino)boranes. All of these factors are significant to 

analyze since they reveal key points to consider in designing synthetic targets at the small 

molecule level. 
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INTRODUCTION 

 

Linear B-N polymers have raised interest due to their potential as new precursors to 

ceramic materials such as boron nitride, as well as potential electrical conductors and/or 

semiconductors. In particular, a B-N polymer containing a linear RBNR arrangement would 

be isoelectronic with polyacetylene. Although many research efforts have been carried out, 

few have resulted in success due to the common formation of the cyclic trimer, borazine 

(RBNR)3, as discussed thoroughly in the literature review portion of this dissertation. 

Through the efforts of numerous groups, a broad spectrum of derivative chemistry 

has originated from the study of boron compounds containing silicon-nitrogen functional 

groups. Some of our current research interests have focused on investigating compounds 

containing Si-N moieties attached to a 4-substituted aryl (Ar) functionality to afford 

silylanilino derivatives. Due to the variety of reactions that can occur at the boron center, 

combined with the reactivity of the Si-N bond, some of these compounds may have potential 

as precursors to new cyclic and/or polymeric systems, for example poly(phenylene-

borazenes) (Figure 13), i.e. new inorganic-organic hybrid polymers in which the borazene  

(-BR-NR’-) and phenylene (-C6H4-) units alternate along the backbone.  

 

 

Figure 13. Representation of poly(phenylene-borazene) 
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The work to be presented in this dissertation focuses on the synthesis, 

characterization and reactivity of some representative examples of (silylanilino)boranes. To 

be discussed in-depth are two classes of (silylanilino)boranes: those of the Ar-N-B backbone 

and those of the B-Ar-N backbone. Lastly, work conducted to investigate the incorporation 

of silyl moieties of different functionality than Me3Si will be discussed.  
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SECTION ONE 

Synthesis of Silylaniline and Chloroborane Reagents 

 

One aspect of poly(phosphazene) polymeric precursor design in the Neilson group 

has been the incorporation of an aryl (Ar) ring as a potential spacer group between 

alternating phosphorus and nitrogen atoms, i.e., P-Ar-N.  In a similar vein, this synthetic 

design has also been incorporated in some novel synthetic chemistry on (silylanilino)boranes 

that incorporate an aryl ring into a N-B skeleton, i.e., B-Ar-N.  The first steps towards the 

various boranes to be discussed in this dissertation have involved the design of organosilicon 

reagents and a few chloroborane reagents, which will be discussed in this first section.  

 

1.1 Reactivity of Silylaniline Reagents 

The variety of (silylanilino)boranes to be presented are accessible from the N-silyl 

derivatives of 4-bromoaniline, BrC6H4NH2, following the initial preparation of various 

mono-, di-, and tri-anilino reagents. This simple, high yield preparative chemistry involves 

three main reaction types: (1) deprotonation-substitution at the N-H site; (2) metal-halogen 

exchange at the aryl bromide site; and (3) Si-N bond cleavage (Figure 14).  

Accordingly, when the precursor is mono-silylated, deprotonation-substitution will 

occur on the N-H site.  When the precursor is N-disilylated or N-silylated-N-methylated, a 

metal halogen exchange reaction will occur on the aryl bromide site. When the precursor is 

mono-/disilylated, Si-N bond cleavage may occur on a Si-N bond, which is applicable for all 

of the reagents used in this study.  
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Figure 14. Reactivity of 4-bromoaniline, BrC6H4NH2, derivatives 

 

1.2 Synthesis of Silylaniline Reagents [E(C6H4)NRR’ (E = Br, SiMe3)] 

 

1.2.1 Synthesis of mono-, di- and tri-silylated reagents (R = SiMe3) 

Based upon modified referenced procedures,100-101 when 4-bromoaniline was treated 

with one equivalent of n-BuLi, followed by one equivalent of Me3SiCl, the N-monosilylated 

compound A was produced (eq 27).  When compound A was treated with one equivalent of 

n-BuLi, followed by one equivalent of Me3SiCl, we achieved the formation of the N-

disilylated compound B.102 In order to produce compound C, a metal-halogen exchange was 

performed on compound B through treatment with n-BuLi, followed by the addition of 

Me3SiCl.  The Si-N bond of compound C was then cleaved by use of dry HCl, yielding the 

N-monosilylated compound D.   

The required silylaniline reagents A to D were synthesized in good yields (72-86 %) 

from 4-bromoaniline.  These compounds were collected as moisture sensitive, colorless to 

light yellow colored, distillable liquids.  Compounds A-D were characterized by 1H and 13C 

NMR spectroscopy (Tables 1-2).  
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(27) 

 

1.2.2 Synthesis of mono- and di-silylated reagents (R = SiMe2H) 

In a similar manner, when 4-bromoaniline was treated with one equivalent of n-BuLi, 

followed by one equivalent of Me2SiClH, the N-monosilylated compound E was obtained 

(eq 28).  Compound E could then further react with one equivalent of n-BuLi, followed by 

one equivalent of Me2SiClH, to afford compound F.   
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(28) 

 

The silylaniline reagents E and F were obtained in high yield (83-87 %). Similar to 

compounds A to D, compounds E and F were collected as moisture sensitive, colorless to 

light yellow, distillable liquids.  Both have been characterized by 1H and 13C NMR 

spectroscopy (Table 3).  

 

1.2.3 Synthesis of N-methyl-substituted reagents (R = CH3) 

In order to obtain silylaniline reagents with moieties smaller than either trimethylsilyl 

or dimethylsilyl, the synthesis of three N-methyl compounds G, H and I was investigated (eq 

29).  

First, when silylaniline reagent A was deprotonated with one equivalent of n-BuLi 

and then reacted with one equivalent of CH3I, the compound identified as silylaniline reagent  

G was obtained as a colorless, distillable liquid.  Second, when silylaniline reagent E was 

first treated with one equivalent of n-BuLi and then with one equivalent of CH3I, the 

compound identified as silylaniline reagent H was obtained. Third, in a slightly different 
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process based on a published procedure,103 when 4-bromoaniline was treated with two 

equivalents of n-BuLi, there was a successful double deprotonation. This di-lithiated 

intermediate was then reacted with two equivalents of CH3I to produce the compound 

identified as bromoaniline reagent I, 4-bromo-N,N-dimethyl-benzeamine.  Reagents G-I 

were all obtained in moderate to good yields (47-75 %) and have been characterized by 1H 

and 13C NMR spectroscopy (Tables 4- 5).   

 

(29) 

 

1.3 Synthesis of chloroborane reagents, ClB(X)Y 

For the incorporation of B-containing moieties with the silylaniline reagents 

described above to produce the Ar-N-B and B-Ar-N (silylanilino)boranes, three 

chloroboranes were utilized. Following published procedures,64,104-105 when 

hexamethlydisilazne was deprotonated by use of n-BuLi, and following the formation of a  
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B-N bond by reacting the lithiated intermediate with BCl3, the compound (Me3Si)2NBCl2, 

labeled chloroborane 1 (eq 30), was obtained as a distillable liquid in high yield (76 %) 

(Tables 8-9). 

 

 

(30) 

 

To produce the second chloroborane reagent, dimethyl(trimethylsilyl)amine was 

directly reacted with (Me3Si)2NBCl2 (eq 31). The chloroborane 2, (Me3Si)2NB(NMe2)Cl, 

was thus obtained as a distillable liquid in high yield (82 %) (Tables 8-9).  

 

 

(31) 

 

The third chloroborane reagent was obtained when dimethyl(trimethylsilyl)amine was 

reacted with 0.5 equivalent of  BCl3 (eq 32). The chloroborane, ClB(NMe2)2, was obtained as 

a very volatile distillable liquid in relatively low yield (38 %) (Tables 8-9).  

 

 

(32) 
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1.4 EXPERIMENTAL 

Materials and General Procedures. The following reagents were obtained from 

commercial sources and used without further purification: BrC6H4NH2, (Me3Si)2NH, 

Me3SiCl, MeI, n-BuLi (2.5 M hexane solution),  BCl3 (1.0 M heptane solution), anhydrous 

HCl (1.0 M diethyl ether solution), (Me3Si)NMe2 and Me2SiHCl.  Proton and 13C{1H} NMR 

spectra were obtained on a Mercury 300 or a Bruker-400 spectrometer, using CDCl3 as a lock 

solvent, with coupling constants (J) given in Hz. All reactions and manipulations were 

carried out under a nitrogen atmosphere and/or by using standard vacuum line techniques.  

 

 Preparation of Silylaniline Reagent A.  A 2-L, 3-neck flask, 

equipped with a mechanical stirrer, N2 inlet and a 250-mL addition 

funnel, was charged with Et2O (900 mL) and BrC6H4NH2 (68.8 g, 400 mmol).  The flask was 

cooled to 0 °C and n-BuLi (176 mL, 440 mmol, 10 % excess) was added dropwise from the 

addition funnel.  Following the addition, the reaction was allowed to warm to room 

temperature while stirring for ca. 2 hrs.  The flask was then cooled to 0 °C and Me3SiCl (56 

mL, 440 mmol, 10 % excess) was added to the stirred reaction mixture.  The mixture was 

then allowed to warm to room temperature and stirred for ca. 5 hrs.  Ether was removed 

under reduced pressure and hexane (500 mL) was added to precipitate the salt. The reaction 

mixture was filtered, the solvent was removed from the filtrate under reduced pressure, and 

the product distilled as a pale yellow liquid.  Yield: 86 %.  bp: 90-95 °C (0.4 mmHg).  1H 

NMR: δ 0.33 (s, NSiMe3), 3.51 (s, NH), 6.59 (d, NC6H4, JHH = 8.8), 7.28 (d, NC6H4) JHH = 

8.8).  13C NMR: δ 0.2 (NSiMe3), 109.4 (NC6H4), 117.6 (NC6H4), 132.2 (NC6H4), 146.8 

(NC6H4).  
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Preparation of Silylaniline Reagent B (method 1).  A 2-L, 3-neck 

flask, equipped with a mechanical stirrer, N2 inlet, and a 250-mL 

addition funnel, was charged with hexane (500 mL) and compound A (24.4 g, 100 mmol).  

The reaction mixture was cooled to 0 °C and n-BuLi (48 mL, 110 mmol, 10 % excess) was 

added dropwise from the addition funnel.  The mixture was then allowed to warm to room 

temperature while stirring ca. 2 hrs.  The flask was then cooled to 0 °C and Me3SiCl (15.23 

mL, 110 mmol, 10 % excess) was added from the addition funnel.  The mixture was refluxed 

for ca. 8 hrs.  The reaction mixture was filtered, the solvent was removed from the filtrate 

under reduced pressure, and the product distilled as a colorless liquid.  Yield: 72 %.  bp: 84-

87 °C (0.12 mmHg).  1H NMR: δ 0.10 (s, N(SiMe3)2), 6.80 (d, NC6H4, JHH = 8.8), 7.35 (d, 

NC6H4, JHH = 8.8).  13C NMR: δ 2.0 (N(SiMe3)2), 116.8 (NC6H4), 131.8 (NC6H4), 132.1 

(NC6H4), 147.3 (NC6H4). 

 

Preparation of Silylaniline Reagent B (method 2).  A 2-L, 3-neck flask, equipped with a 

mechanical stirrer, N2 inlet, and a 250-mL addition funnel, was charged with Et2O (400 mL) 

and BrC6H4NH2 (34.0 g, 200 mmol).  The reaction mixture was cooled to 0 °C and n-BuLi 

(160 mL, 440 mmol) was added dropwise from the addition funnel.  The mixture was then 

allowed to warm to room temperature while stirring ca. 2 hrs.  The flask was cooled to 0 °C 

and Me3SiCl (26 mL, 220 mmol) was added from the addition funnel. The mixture stirred for 

ca. 2 hrs at room temperature. Et2O was removed under reduced pressure and the flask was 

charged with hexanes (400 mL).  The flask was then cooled to 0 °C and Me3SiCl (38 mL, 

220 mL) was added from the addition funnel.  The mixture was refluxed for ca. 8 hrs.  The 
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reaction mixture was filtered, the solvent was removed under reduced pressure, and the 

product distilled as a colorless liquid. Method 2 produced silylaniline reagent B in yield 

comparable to Method 1.    

 

Preparation of Silylaniline Reagent C.  A 2-L, 3-neck flask, 

equipped with a mechanical stirrer, N2 inlet and a 250-mL 

addition funnel, was charged with Et2O (700 mL) and compound B (47.5 g, 150 mmol).  The 

flask was cooled to 0 °C and n-BuLi (72 mL, 165 mmol, 10 % excess) was added dropwise 

from the addition funnel.  The mixture was allowed to warm to room temperature while 

stirring ca. 2 hrs.  The flask was cooled to 0 °C and Me3SiCl (23 mL, 165 mmol, 10 % 

excess) was added from the addition funnel.  The mixture was then allowed to warm to room 

temperature while stirring ca. 5 hrs.  Ether was removed under reduced pressure and hexane 

(300 mL) was added to precipitate the salt.  The mixture was filtered, the solvent was then 

removed from the filtrate under reduced pressure, and the product distilled as a pale, yellow 

liquid.  Yield: 74 %.  bp: 116-119 °C (0.35 mmHg).  1H NMR: δ 0.11 (s, N(SiMe3)2), 0.29 (s, 

ArSiMe3), 6.91 (d, NC6H4, JHH = 8.2), 7.38 (d, NC6H4, JHH = 8.2).  13C NMR: δ -0.9 

(N(SiMe3)2), 2.2 (ArSiMe3), 122.1 (NC6H4), 133.8 (NC6H4), 129.8 (NC6H4), 148.8 (NC6H4).  

 

Preparation of Silylaniline Reagent D.  A 1-L, 3-neck flask, 

equipped with a magnetic stir bar, N2 inlet and a 150-mL 
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addition funnel, was charged with Et2O (150 mL) and compound C (9.3 g, 30 mmol).  The 

flask was cooled to 0 °C and HCl (22 mL, 25 mmol) was added dropwise from the addition 

funnel.  A white precipitate formed immediately.  The mixture was stirred at 0 °C for ca.  

4 hrs and allowed to stand overnight.  Ether was removed under reduced pressure and the 

product distilled as a colorless, oily liquid.  Yield: 77 %.  bp: 78-80 °C (0.20 mmHg).  1H 

NMR: δ 0.30 (s, NSiMe3), 0.35 (s, ArSiMe3), 3.57 (s, NH), 6.74 (d, NC6H4, JHH = 8.4), 7.38 

(d, NC6H4, JHH = 8.4).  13C NMR: δ -0.7 (NSiMe3), 0.2 (ArSiMe3), 115.8 (NC6H4), 127.1 

(NC6H4), 134.7 (NC6H4), 148.3 (NC6H4).  

 

Preparation of Silylaniline Reagent E.  A 1-L, 3-neck flask, 

equipped with a magnetic stir bar, N2 inlet and a rubber septum, 

was charged with Et2O (200 mL) and BrC6H4NH2 (8.6 g, 50 mmol).  The flask was cooled to 

0 °C and n-BuLi (22 mL, 55 mmol, 10 % excess) was added dropwise.  The mixture was 

allowed to warm to room temperature while stirring ca. 2hrs.  The flask was cooled to 0 °C 

and Me2SiHCl (6 mL, 55 mmol, 10 % excess) was added dropwise.  The mixture was then 

allowed to warm to room temperature while stirring ca. 5 hrs and then stood overnight.  Ether 

was removed under reduced pressure and hexane (200 mL) was added to precipitate the salt.  

The reaction mixture was filtered, the solvent was removed from the filtrate under reduced 

pressure, and the product was distilled as a pale, yellow liquid.  Yield: 87 %.  bp: 78-82 °C 

(0.20 mmHg).  1H NMR: δ 0.36 (d, NSiMe2H, JHH = 3.2), 3.48 (s, NH), 4.77 (m, SiH), 6.61 

(d, NC6H4, JHH = 8.8), 7.28 (d, NC6H4, JHH = 8.8).  13C NMR: δ -2.3 (NSiMe2H), 109.8 

(NC6H4), 117.6 (NC6H4), 132.0 (NC6H4), 148.3 (NC6H4).  
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Preparation of Silylaniline Reagent F.  A 2-L, 3-neck flask, 

equipped with a mechanical stirrer, N2 inlet, and a 250-mL 

addition funnel, was charged with hexane (400 mL) and compound E (11.5 g, 50 mmol).  

The reaction mixture was cooled to 0 °C and n-BuLi (22 mL, 55 mmol, 10 % excess) was 

added dropwise from the addition funnel.  The mixture was then allowed to warm to room 

temperature while stirring ca. 2 hrs.  The flask was then cooled to 0 °C and Me2SiClH (6 mL, 

55 mmol, 10 % excess) was added from the addition funnel.  The mixture was refluxed for 

ca. 8 hrs.  The reaction mixture was filtered, the solvent was removed from the filtrate under 

reduced pressure, and the product distilled as a colorless liquid.  Yield: 83 %.  bp: 70-75 °C 

(0.15 mmHg).  1H NMR: δ 0.20 (d, N(SiMe2H)2, JHH = 3.2), 4.65 (m, SiH), 6.84 (d, NC6H4, 

JHH = 8.8), 7.38 (d, NC6H4, JHH = 8.8).  13C NMR: δ -0.7 (N(SiMe2H)2), 116.8 (NC6H4), 

117.5 (NC6H4), 131.9 (NC6H4), 146.0 (NC6H4).  

 

Preparation of Silylaniline Reagent G. A 1-L, 3-neck flask, 

equipped with a magnetic stir bar, N2 inlet and a septum, was 

charged with Et2O (400 mL) and silylaniline reagent A (9.9 g, 41 mmol).  The flask was 

cooled to 0 ºC and n-BuLi (17 mL, 45 mmol, 10 % excess) was added dropwise.  The 

mixture was allowed to warm to room temperature while stirring ca. 2 hrs.  The flask was 

then cooled to -78 ºC and CH3I (3 mL, 45 mmol, 10 % excess) was added dropwise.  The 

mixture stirred at -78 ºC for ca. 4 hrs and was then warmed to room temperature while 

stirring overnight.  The next day, Et2O was removed under reduced pressure and hexane (200 

mL) was added to precipitate the salt.  The reaction mixture was filtered, hexane was 
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removed under reduced pressure, and the product distilled as a colorless liquid. Yield: 75 %. 

bp: 76-83 ºC (0.05 mmHg). 1H NMR: δ 0.37 (s, NSiMe3), 2.95 (s, NCH3), 6.84 (d, NC6H4, 

JHH = 8.8), 7.37 (d, NC6H4, JHH = 8.8). 13C NMR: δ 0.8 (NSiMe3), 35.3 (NCH3), 110.5 

(NC6H4), 119.3 (NC6H4), 131.4 (NC6H4), 150.1 (NC6H4).  

 

Preparation of Silylanline Reagent  H. A 1-L, 3-neck flask, 

equipped with a magnetic stir bar, N2 inlet and a septum, was 

charged with Et2O (400 mL) and silylaniline reagent E (23.0 g, 100 mmol). The flask was 

cooled to 0 ºC and n-BuLi (44 mL, 110 mmol, 10 % excess) was added dropwise. The 

mixture was allowed to warm to room temperature while stirring ca. 2 hrs. The flask was 

then cooled to -78 ºC and CH3I (7 mL, 110 mmol, 10 % excess) was added dropwise. The 

mixture was stirred at -78 ºC for ca. 4 hrs and was then allowed to warm to room temperature 

while stirring overnight. The next day, Et2O was removed under reduced pressure and hexane 

(200 mL) was added to precipitate the salt. The mixture was filtered, hexane was removed 

under reduced pressure, and the product distilled as a pale, yellow liquid. Yield: 66 %. bp: 

80-85 ºC (0.3 mmHg). 1H NMR: δ 0.38 (d, NSiMe2H, JHH = 3.2), 2.92 (s, NCH3), 4.88 (m, 

SiH), 6.83 (d, NC6H4, JHH = 8.8), 7.35 (d, NC6H4, JHH = 8.8). 13C NMR: δ 0.7 (NSiMe2H), 

35.3 (NCH3), 114.0 (NC6H4), 119.3 (NC6H4), 131.4 (NC6H4), 150.1 (NC6H4).  

 

Preparation of Aniline Reagent I. A 500 mL, 3-neck flask, equipped 

with a magnetic stir bar, a N2 inlet and a septum, was charged with 

Et2O (125 mL) and  BrC6H4NH2  (11.0 g, 63 mmol). The flask was cooled to 0 ºC and n-BuLi 
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(61 mL, 151 mmol) was added dropwise. The mixture was allowed to warm to room 

temperature while stirring ca. 2 hrs. The flask was then cooled to -78 ºC and CH3I (10 mL, 

151 mmol) was added dropwise. The mixture was stirred ca. 1 hr at -78 ºC and was then 

allowed to warm to room temperature while stirring ca. 5 hrs. The next day, Et2O was 

removed under reduced pressure and hexane (125 mL) was added to precipitate the salt. The 

mixture was filtered, hexane was removed under reduced pressure, and the product distilled 

as an orange, liquid. Yield: 47%. bp: 42-74 ºC (0.7 mmHg). 1H NMR: δ 2.99 (s, N(CH3)2), 

6.66 (d, NC6H4, JHH = 9.2), 7.39 (d, NC6H4, JHH = 9.2). 13C NMR: δ 40.6 (N(CH3)2), 108.5 

(NC6H4), 114.2 (NC6H4), 131.8 (NC6H4), 149.6 (NC6H4).  

 

Preparation of Chloroborane Reagent 1. A 2-L, 3-neck flask, 

equipped with a magnetic stir bar, N2 inlet and a 250 mL addition 

funnel, was charged with hexane (250 mL) and (Me3Si)2NH (32.3 

g, 200 mmol). The flask was cooled to 0 °C and n-BuLi (88 mL, 220 mmol, 10 % excess) 

was added dropwise from the addition funnel. The mixture was stirred at 0 °C ca. 30 min and 

was then allowed to warm to room temperature while stirring ca. 2 hrs. The flask was cooled 

to -78 °C and BCl3 (220 mL, 220 mmol, 10 % excess) was added from the addition funnel. 

The mixture stirred at -78 °C ca. 1 hr and was then allowed to warm to room temperature 

while stirring ca. 5 hrs. The mixture was filtered, the solvent was removed from the filtrate 

under reduced pressure, and the product distilled was a colorless liquid. Yield: 76 %. bp: 48-

70 °C (0.06 mmHg). 1H NMR: δ 0.16 (s, NSiMe3). 
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Preparation of Chloroborane Reagent 2. A 500 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 inlet, and a septum, 

was charged with hexanes (150 mL) and (Me3Si)NMe2 (10.7 g, 

91 mmol). The flask was cooled to 0 ºC and the chloroborane reagent (Me3Si)2NBCl2 (22.0 

g, 91 mmol) was added dropwise. The mixture was stirred at 0 ºC for ca. 1 hr and was then 

allowed to warm to room temperature while stirring overnight. The next day, the mixture was 

filtered, the solvent was removed from the filtrate under reduced pressure, and the product 

distilled as a colorless liquid. Yield: 83%. bp: 49-52 ºC (0.15 mmHg). 1H NMR: δ 0.16 (s, 

NSiMe3), 2.80 (s, NMe2), 2.86 (s, NMe2).  

 

Preparation of Chloroborane Reagent 3. A 3-neck flask, equipped with 

a magnetic stir bar, N2 inlet and a septum, was charged with hexane (250 

mL) and (Me3Si)NMe2 (24.6 g, 210 mmol). The flask was cooled to -78 ºC 

and 0.5 equivalent of BCl3 (105 mL, 105 mmol) was added dropwise. The mixture stirred at -

78 ºC for ca. 1 hr and was then allowed to warm to room temperature while stirring 

overnight. The next day, the mixture was filtered, the solvent was removed from the filtrate 

under reduced pressure, and the product distilled as a colorless, pungent liquid. Yield: 38%. 

bp: 30-55 ºC (2.0 mmHg). 1H NMR: δ 2.73 (s, N(Me2)2).    
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Table 1. NMR Spectroscopic Data for Silylaniline Reagents A and B 

  1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

A R = SiMe3 

X = H 

E = Br 

NSiMe3 

NH 

NC6H4 

0.33 (s) 

3.51 (s) 

6.59 (d) 

7.28 (d) 

 

 

8.8 

8.8 

 

0.2 

 

 

 

C1 

C2,6 

C3,5 

C4 

 

 

109.4 

117.6 

132.2 

146.8 

 

B R = X = SiMe3 

E = Br 

N(SiMe3)2 

NC6H4 

0.10 (s) 

6.80 (d) 

7.35 (d) 

 

8.8 

8.8 

 

2.0 

 

 

C1 

C2,6 

C3,5 

C4 

 

116.8 

131.8 

132.1 

147.3 
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Table 2. NMR Spectroscopic Data for Silylaniline Reagents C and D 

  1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

C R = X = E = SiMe3 N(SiMe3)2 

ArSiMe3 

NC6H4 

0.11 (s) 

0.29 (s) 

6.91 (d) 

7.38 (d) 

 

 

 

8.2 

8.2 

 

-0.9 

2.2 

 

 

C1 

C2,6 

C3,5 

C4 

122.0 

133.8 

129.8 

148.8 
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Table 2. NMR Spectroscopic Data for Silylaniline Reagents C and D (continued) 

  1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

D R = E = SiMe3 

X = H 

NSiMe3 

ArSiMe3 

NH 

NC6H4 

 

0.30 (s) 

0.35 (s) 

3.57 (s) 

6.74 (d) 

7.38 (d) 

 

 

 

8.4 

8.4 

 

-0.7 

0.2 

 

 

 

C1 

C2,6 

C3,5 

C4 

 

115.8 

127.1 

134.7 

148.3 
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Table 3. NMR Spectroscopic Data for Silylaniline Reagents E and F 

 

 

 1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

E R = SiMe2H 

X = H 

E = Br 

NSiMe2H 

NH 

SiH 

NC6H4 

0.36 (d) 

3.48 (s) 

4.77 (s) 

6.61 (d) 

7.28 (d) 

 

3.2 

 

 

8.8 

8.8 

 

-2.3 

 

 

 

 

C1 

C2,6 

C3,5 

C4 

 

109.8 

117.6 

132.0 

148.3 

F R = X = SiMe2H 

E = Br 

N(SiMe2H)2 

SiH 

NC6H4 

0.20 (d) 

4.65 (m) 

6.84 (d) 

7.38 (d) 

 

3.2 

 

8.8 

8.8 

 

-0.7 

 

 

 

C1 

C2,6 

C3,5 

C4 

116.8 

117.5 

131.9 

146.0 
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Table 4. NMR Spectroscopic Data for Silylaniline Reagents G and H 

 

 

 1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

G R = SiMe3 

X = CH3 

E = Br 

NSiMe3 

NCH3 

NC6H4 

0.37 (s) 

2.95 (s) 

6.84 (d) 

7.37 (d) 

 

 

 

8.8 

8.8 

 

 

 

0.8 

35.3 

 

 

C1 

C2,6 

C3,5 

C4 

 

 

 

110.5 

119.3 

131.4 

150.1 

H R = SiMe2H 

X = CH3 

E = Br 

 

NSiMe2H 

NCH3 

SiH 

NC6H4 

 

0.38 (d) 

2.92 (s) 

4.88 (m) 

6.83 (d) 

7.35 (d) 

 

3.2 

 

 

8.8 

8.8 

 

 

0.7 

35.3 

 

 

 

C1 

C2,6 

C3,5 

C4 

 

114.0 

119.3 

131.4 

150.1 
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Table 5. NMR Spectroscopic Data for Aniline Reagents I 

 

 

 1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

I R = X = CH3 

E = Br 

 

N(CH3)2 

NC6H4 

 

2.99 (s) 

6.66 (d) 

7.39 (d) 

 

 

9.2 

9.2 

 

 

 

40.6 

 

 

 

C1 

C2,6 

C3,5 

C4 

 

108.5 

114.2 

131.8 

149.6 
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Table 6. Physical and Analytical Data for Silylaniline Reagents A-E 

Compound Yield, % bp, °C (mmHg) 

 

A 

86 90-95 (0.40) 

 

B 

72 84-87 (0.12) 

 

C 

74 116-119 (0.35) 

 

D 

77 78-80 (0.20) 

 

E 

87 89-92 (0.30) 
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Table 7. Physical and Analytical Data for Silylaniline Reagents F-H and Aniline I 

Compound Yield, % bp, °C (mmHg) 

 

F 

83 70-75 (0.15) 

 

G 

75 76-83 (0.05) 

 

H 

66 80-85 (0.30) 

 

I 

47 42-74 (0.70) 
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Table 8. NMR Spectroscopic Data for Chloroboranes 1-3 

Compound Signal 1H NMR 

δ 

 

Chloroborane 1 

N(SiMe3)2 0.36 (s) 

 

 

 

 

 

Chloroborane 2 

 

N(SiMe3)2 

 

NMe2 

 

0.16 (s) 

 

2.80 (s) 

 

2.86 (s) 

 

 

 

Chloroborane 3 

NMe2 2.73 (s) 
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Table 9. Physical and Analytical Data for Chloroboranes 1-3 

Compound Yield bp, °C (mmHg) 

 

 

Chloroborane 1 

76 

 

48-70 (0.06) 

 

 

Chloroborane 2 

82 

 

49-52 (0.15) 

 

 

Chloroborane 3 

38 

 

30-55 (2.0) 
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SECTION TWO 

Synthesis of Ar-N-B-N (Silylanilino)boranes 

 

This section will cover the synthesis and characterization of various silylanilino 

derivatives with the Ar-N-B-N backbone. After successful preparation of the silylaniline 

reagents discussed in the previous section, we have been able to achieve the synthesis of the 

title compounds 1-19. The compounds described herein were prepared by two methods. The 

first involves deprotonation-substitution reactions of N-H bonds, and the second involves 

silyl cleavage reactions of a Si-N bond with a chloroborane reagent, prepared based on 

previously reported literature procedures.64, 104-105  

 

 

2.1 Synthesis of (silylanilino)boranes  

 

 

2.1.1 Synthesis of 4-bromoaryl derivatives, BrC6H4N(SiMe3)B(X)Y (From A) 

The treatment of silylaniline A with one equivalent of n-BuLi, followed by one 

equivalent of the chloroborane reagent afforded N-B-N derivatives, (silylanilino)boranes 1, 

2, and 3 (eq 33) by deprotonation-substitution reactions.  These compounds were obtained as 

pale yellow, viscous liquids in moderate yields (31-52 %). All three compounds were 

characterized by 1H and 13C NMR spectroscopy (Table 10).  

 

(33) 
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2.1.2 Synthesis of 4-trimethylsilylaryl derivatives, (Me3Si)C6H4N(SiMe3)B(X)Y and 

(Me3Si)C6H4N(H)B(X)Y (From D) 

The treatment of silylaniline D with one equivalent of n-BuLi, followed by one 

equivalent of a chloroborane reagent with elimination of LiCl afforded N-B-N derivatives 4, 

5, and 6 (eq 34).  All three compounds were obtained as colorless, distillable liquids in good 

yields (34-62 %).  Each were fully characterized by 1H and 13C NMR spectroscopy (Table 

11).  

 

(34) 

 

If the silylaniline D was directly reacted with one equivalent of a chloroborane 

reagent, (silylanilino)boranes 7, 8, and 9 were obtained via Si-N bond cleavage.  Yields of 

these compounds were moderate (23-57 %) and each were characterized by 1H and 13C NMR 

spectroscopy (Table 12). 
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2.1.3 Synthesis of 4-bromoaryl derivatives, BrC6H4N(SiMe2H)B(X)Y (From E) 

In the substitution chemistry related to that of silylaniline A, when silylaniline E was 

treated with one equivalent of n-BuLi, followed by one equivalent of a chloroborane reagent, 

the N-B-N derivatives 10, 11, and 12 were obtained (eq 35).  These compounds distilled as 

pale yellow, viscous liquids in moderate yields (28-56 %) and were characterized by both 1H 

and 13C NMR spectroscopy (Table 13).  

The interest in this series of compounds comes from the SiMe2H substituent.  This 

group is less bulky than SiMe3 found in boranes 1-3.  We are interested in the use of these 

compounds as a means to study the thermal condensation polymerization technique, in which 

there could be an elimination of Me2Si(H)Cl.  

 

 

(35) 

 

 

2.1.4 Synthesis of aminoborane derivatives of N-methylated anilines, 

BrC6H4N(CH3)B(X)Y (From G) 

In chemistry related to that of silylaniline reagents A and E, when G was treated with 

one equivalent of n-BuLi, followed by one equivalent of a chloroborane reagent, the N-B-N 

derivatives 13, 14, and 15 were achieved (eq 36) via Si-N bond cleavage.  These compounds 
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distilled as pale yellow/orange, viscous liquids in moderate yields (34-56 %), and were 

characterized by both 1H and 13C NMR spectroscopy (Table 14).  

 

 

(36) 

 

2.1.5  Synthesis of N-H derivatives, BrC6H4N(H)B(X)Y (From A or 4-bromoaniline) 

In an effort to involve a substituent smaller in size than that of SiMe3 or SiMe2H, we 

have investigated the potential of incorporating a N-H bond in the N-B-N borane, in place of 

a Si-N bond.  The reaction involved the direct treatment of silylaniline A with one equivalent 

of a chloroborane reagent. Due to the relatively low yield of products in this method, an 

alternative route was explored.  Instead of starting with silylaniline A, the use of 4-

bromoaniline as the starting material was investigated.  Following one equivalent of n-BuLi 

and one equivalent of a chloroborane reagent, this deprotonation-substitution reaction yielded 

compounds 16, 17, and 18, each of which are boranes encompassing a N-H bond (eq 37).  

These products were distilled as viscous liquids in moderate yields (31-56 %) and were 

characterized by 1H and 13C NMR spectroscopy (Table 15).  
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(37) 

 

In some cases, however, no distillable product was obtained. In one instance, due to 

the inability to distill, when a crude sample of compound 16 was allowed to stand overnight, 

off-white crystals formed along the sides of the flask. An X-ray diffraction analysis showed 

that it was not the expected 16, but instead involved the formation of a new N-B-N 

arrangement, in which each nitrogen had both a hydrogen and an aryl substituent, with the 

boron possessing a N(SiMe3)2 moiety (Figure 15).  From this analysis, we observed the aryl 

moieties to be coplanar with the N-B-N portion, while the N(SiMe3)2 group had a twisted 

conformation, thus offering steric protection. 

 

Figure 15. Thermal ellipsoid plot of compound 19 
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Compound 19, has also been intentionally synthesized by the treatment of 4-

bromoaniline with one equivalent of n-BuLi, followed by one-half equivalent of 

(Me3Si)2NBCl2 (eq 38). Distillation resulted in a low yield (22 %) compound 19, which was 

characterized by 1H and 13C NMR spectroscopy (Table 22). 

 

 

(38) 

 

 Various attempts were made in order to explore the reactivity of the N-H bond, via 

substitution-deprotonation reactions, including attempts to incorporate SiMe3 or SiMe2H 

moieties at N. There were no successful substitutions, which could be a result of the steric 

hindrance from the bulky Ar moieties about the N-H centers.  

 

 

 

2.3 Thermal Decomposition Reaction 

Some preliminary studies were conducted on a limited number of compounds to 

assess the potential of preparing a boron-nitrogen polymeric system via the thermal 

condensation polymerization process.  In order for this to be successful, there must be 

elimination of Me3SiCl, or Me2Si(H)Cl for some derivatives.  To prepare samples, the freeze-

pump-thaw method was utilized.  A heavy-walled ampule, was charged with the sample and 

after degassing, was sealed by use of a torch and then placed in the oven in a protective steel 

pipe. 
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In several cases, the compounds were thermally stable for long periods at 200 °C.  

Previous work in the group demonstrated that (silylanilino)borane 1 underwent successful 

condensation to yield a 4-membered cyclic system.106 Condensation conditions involved 

heating the glass ampule at 200 °C for 30 days. In recent studies, we observed the 

elimination of Me3SiCl from (silylanilino)borane 1 after 17 days in the oven at 250-260 °C, 

to afford the novel B2N2 ring system, compound 20 (eq 39, Figure 16), that was characterized 

by 1H and 13C NMR spectroscopy (Table 24).  Compound 20 had been previously prepared 

and characterized by X-ray crystallography (Tables 25-26). 

 

(39) 

 

 

In looking at the bond lengths and angles (Table 28), it is important to point out that 

the B-N bonds within the ring are all equivalent, with the B-N bonds to the 

bis(trimethylsilyl)amino groups being slightly longer.  This extended bond length is due to 

the twisted conformation of the (Me3Si)2N groups, which are both perpendicular to the plane 

containing the Ar-B2N2-Ar arrangement.  We attribute the stability of this cyclic structure to 

the delocalization of electrons within the four-membered ring, as well as steric hindrance 

afforded by the bulky bis(trimethylsilyl)amino substituents.  
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Figure 16. Thermal ellipsoid plot for Compound 20, B2N2 cyclic 

 

 

We explored other potential synthetic pathways of preparing compound 20 without 

the use of long heating times and high oven temperatures. Attempts included heating a small 

sample of compound 1 in hexane and refluxing at various durations. After characterization by 

both 1H and 13C NMR, it was concluded that only the starting material was present, no 

elimination of SiMe3Cl occurred. In future work, the condensation of compound 1 to 

compound 20, by other methods will need to be explored. If a means of producing compound 

20 in higher yield were developed, it would be interesting to investigate the methods of 

linking the 4-Br-aryl rings together, possibly through aromatic coupling reactions, to 

potentially form a linear polymer system.  

 



73 

 

 

2.4 EXPERIMENTAL 

Materials and General Procedures. The following reagents were obtained from 

commercial sources and used without further purification: BrC6H4NH2, Me3SiCl, n-BuLi (2.5 

M hexane solution), Me2SiHCl.  The chloroborane reagents, (Me3Si)2NBCl2, 

(Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, were prepared by referenced procedures.64, 103-104 

Proton and 13C{1H} NMR spectra were obtained on a Mercury 300 or a Bruker-400 

spectrometer, using CDCl3 as a lock solvent, with coupling constants (J) given in Hz. All 

reactions and manipulations were carried out under a nitrogen atmosphere and/or by using 

standard vacuum line techniques.  

 

Preparation of (Silylanilino)boranes BrC6H4N(SiMe3)B(X)Y (1, 2, 3). A typical 

experiment for the synthesis of 1 (X = N(SiMe3)2, Y = Cl)  is 

described here.  A 1-L, 3-neck flask, equipped with a magnetic 

stir bar, N2 inlet, and a 150-mL addition funnel, was charged 

Et2O (500 mL) and compound A (24.4 g, 100 mmol).  The flask 

was cooled to 0 °C and n-BuLi (44 mL, 110 mmol, 10% excess) was added dropwise from 

the addition funnel.  The mixture was allowed to warm to room temperature while stirring ca. 

2 hrs.  The flask was cooled to -78 °C and (Me3Si)2NBCl2 (24.2 g, 110 mmol, 10 % excess) 

was added from the addition funnel.  The flask was stirred at -78 °C for ca. 3 hrs and was 

then allowed to warm to room temperature while stirring overnight.  Ether was removed 

under reduced pressure and hexane (500 mL) was added to precipitate the salt.  The mixture 

was filtered, the solvent was removed from the filtrate under reduced pressure, and the 

product distilled as a pale, viscous liquid.  Yield: 52 %.  bp: 132-142 °C (0.5 mmHg).  1H 
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NMR: δ 0.05 (s, N(SiMe3)2), 0.22 (s, NSiMe3), 6.86 (d, NC6H4, JHH = 8.4), 7.42 (d, NC6H4, 

JHH = 8.4).  13C NMR: δ 2.1 (N(SiMe3)2), 2.9 (NSiMe3), 118.6 (NC6H4), 131.1 (NC6H4), 

131.8 (NC6H4), 145.9 (NC6H4).  

The (silylanilino)boranes 2 and 3 were prepared in the same manner from the corresponding 

chloroborane reagents  (Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, respectively. (2: X = 

N(SiMe3), Y = NMe2). Yield: 31 %.  bp: 90-94 ºC (0.2 mmHg).  

1H NMR: δ 0.20 (s, N(SiMe3)2), 0.31 (s, NSiMe3), 2.83 (s, 

BNMe2),  2.89 (s, BNMe2),  6.57 (d, NC6H4, JHH = 8.8),  7.25 

(d, NC6H4, JHH = 8.8).  13C NMR: δ -0.1 (N(SiMe3)2), 2.4 

(NSiMe3), 39.2 (BNMe2), 39.4 (BNMe2), 109.3 (NC6H4), 117.7 (NC6H4), 121.4 (NC6H4), 

131.7 (NC6H4).  (3: X = Y = NMe2).  Yield: 49 %.  bp: 115-118 ºC 

(0.1 mmHg).  1H NMR: δ 0.31 (s, NSiMe3), 2.63 (s, (B(NMe2)2), 

6.65 (d, NC6H4, JHH = 9.0), 7.28 (d, NC6H4, JHH = 9.0).  13C NMR: 

δ 0.3 (NSiMe3), 39.2 (B(NMe2)2), 109.5 (NC6H4), 120.3 (NC6H4), 

131.7 (NC6H4), 148.4 (NC6H4).  

 

Preparation of (Silylanilino)boranes (Me3Si)C6H4N(SiMe3)B(X)Y (4, 5, 6). A typical 

experiment for the synthesis of 4 (X = N(SiMe3)2, Y = Cl)  

is described here.  A 500-mL, 3-neck flask, equipped with a 

magnetic stir bar, N2 inlet, and a rubber septum, was 

charged with Et2O (100 mL) and compound D (3.8 g, 15.5 

mmol).  The flask was cooled to 0 °C and n-BuLi (7 mL, 17.1 mmol, 10 % excess) was 

added dropwise.  The mixture was allowed to warm to room temperature while stirring ca. 2 
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hrs.  The flask was then cooled to -78 °C and (Me3Si)2NBCl2 (4.2 g, 17.01 mmol, 10 % 

excess) was added dropwise.  The mixture stirred at -78 °C for ca. 4 hrs and then was 

allowed to stand overnight.  On the next day, Et2O was removed under reduced pressure.  

Hexane (100 mL) was added to precipitate the salt.  The reaction mixture was filtered, the 

solvent was removed from the filtrate under reduced pressure, and the product distilled as a 

colorless liquid.  Yield: 62 %.  bp: 96-108 °C (0.01mmHg).  1H NMR: δ 0.05 (s, N(SiMe3)2), 

0.22 (s, NSiMe3), 0.26 (s, ArSiMe3), 6.98 (d, NC6H4, JHH = 8.2), 7.44 (d, NC6H4, JHH = 8.2).  

13C NMR: δ -1.0 (N(SiMe3)2), 2.2 (NSiMe3), 2.5 (ArSiMe3), 128.5 (NC6H4), 133.4 (NC6H4), 

136.6 (NC6H4), 146.9 (NC6H4).  

The (silylanilino)boranes 5 and 6 were prepared in the same manner from the corresponding 

chloroborane reagents  (Me3Si)2NB(NMe2)Cl and 

ClB(NMe2)2, respectively.  (5: X = N(SiMe3)2, Y = 

NMe2).  Yield: 34 %.  bp: 80-104 °C (0.04 mmHg).  1H 

NMR: δ 0.17 (s, (N(SiMe3)2), 0.28 (s, NSiMe3), 0.33 (s, 

ArSiMe3), 2.64 (s, NMe2), 2.67 (NMe2), 6.72 (d, NC6H4, JHH = 8.4), 7.36 (d, NC6H4, JHH = 

8.4).  13C NMR: δ -0.8 (N(SiMe3)2), 0.1 (NSiMe3), 2.7 (ArSiMe3), 34.4 (B(NMe)2), 115.7 

(NC6H4), 127.0 (NC6H4), 134.6 (NC6H4), 148.2 (NC6H4).  (6: 

X = Y = NMe2).  Yield: 51 %.  bp: 97-120 °C (0.07 mmHg).  

1H NMR: δ 0.37 (s, (N(SiMe3)2), 0.41 (s, ArSiMe3), 2.73 (s, 

B(NMe2)2), 6.80 (d, NC6H4, JHH = 8.4), 7.44 (d, NC6H4, JHH = 

8.4).  13C NMR: -0.7 (NSiMe3), 0.2 (ArSiMe3), 39.3 (B(NMe2)2), 115.8 (NC6H4), 127.1 

(NC6H4), 134.7 (NC6H4), 148.3 (NC6H4).  
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Preparation of (Silylanilino)boranes (Me3Si)C6H4N(H)B(X)Y (7, 8, 9). A typical 

experiment for the synthesis of 7 (X = N(SiMe3)2, Y = Cl)  

is described here.  A 500-mL, 3-neck flask, equipped with a 

magnetic stir bar, N2 inlet, and a rubber septum, was 

charged with Et2O (150 mL) and compound D (5.0 g, 20 

mmol).  The flask was cooled to -78 °C and the chloroborane reagent, (Me3Si)2NBCl2, (5.1 g,  

20 mmol) was added dropwise.  The mixture stirred at -78 °C for ca. 4 hours and then was 

allowed to stir overnight.  On the next day, Et2O was removed under reduced pressure and 

the product distilled as a colorless liquid.  Yield: 23 %.  bp: 96-98 °C (0.01 mmHg).  1H 

NMR: δ 0.24 (s, N(SiMe3)2), 0.30 (s, ArSiMe3), 5.76 (s, NH), 7.19 (d, NC6H4, JHH = 8.2), 

7.46 (d, NC6H4, JHH = 8.2). 13C NMR: δ -0.7 (N(SiMe3)2), 3.0 (ArSiMe3), 120.8 (NC6H4), 

122.2 (NC6H4), 135.1 (NC6H4), 143.3 (NC6H4).  

The (silylanilino)boranes 8 and 9 were prepared in the same manner from the corresponding 

chloroborane reagents,  (Me3Si)2NB(NMe2)Cl and 

ClB(NMe2)2, respectively.  (8: X = N(SiMe3)2, Y = NMe2).  

Yield: 57 %.  bp: 86-90 °C (0.30 mmHg).  1H NMR: δ 0.20 

(s, N(SiMe3)2), 0.33 (s, ArSiMe3), 2.61 (s, BNMe2), 2.81 (s, 

BNMe2), 4.55 (s, NH), 6.95 (d, NC6H4, JHH = 8.4), 7.42 (d, NC6H4, JHH = 8.4).   13C NMR: -

0.8 (N(SiMe3)2), 2.8 (ArSiMe3), 38.5 (BNMe2), 39.5 (BNMe2), 

118.9 (NC6H4), 128.7 (NC6H4), 133.9 (NC6H4), 146.0 (NC6H4).  

(9: X = Y = NMe2).  Yield: 46 %.  bp: 75-79 °C (0.45 mmHg).  

1H NMR: δ 0.35 (s, ArSiMe3), 2.72 (s, B(NMe2)2), 3.56 (s, 
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NH), 6.74 (d, NC6H4, JHH = 8.2), 7.38 (d, NC6H4, JHH = 8.2).  13C NMR: δ 0.1 (ArSiMe3), 

35.5 (B(NMe2)2), 115.7 (NC6H4), 129.3 (NC6H4), 134.6 (NC6H4), 148.2 (NC6H4). 

 

Preparation of (Silylanilino)boranes BrC6H4N(SiMe2H)B(X)Y (10, 11, 12). A typical 

experiment for the synthesis of 10 (X = N(SiMe3)2, Y = Cl)  is 

described here.  A 500-mL, 3-neck flask, equipped with a 

magnetic stir bar, N2 inlet, and a rubber septum, was charged 

with Et2O (150 mL) and compound E (5.8 g, 25 mmol).  The 

flask was cooled to 0 °C and n-BuLi (11 mL, 27.5 mmol, 10 % excess) was added dropwise.  

The mixture was allowed to warm to room temperature while stirring ca. 2 hrs.  The flask 

was then cooled to -78 °C and (Me3Si)2NBCl2 (7.0 g, 27.5 mmol, 10 % excess) was added 

dropwise.  The mixture stirred at -78 °C ca. 3 hrs and then stirred overnight at room 

temperature.  Ether was removed and hexane (150 mL) was added to precipitate the salt.  The 

reaction mixture was filtered, the solvent was removed from the filtrate under reduced 

pressure, and the product distilled as a pale, viscous liquid.  Yield: 39 %.  bp: 123-127 °C 

(0.30 mmHg).  1H NMR: δ 0.16 (s, N(SiMe3)2), 0.27 (d, NSiMe2H, JHH = 3.2), 4.88 (m, SiH), 

6.86 (d, NC6H4, JHH = 8.8), 7.44 (d, NC6H4, JHH = 8.8).  13C NMR: δ -0.0 (N(SiMe3)2), 2.8 

(NSiMe2H), 109.3 (NC6H4), 117.7 (NC6H4), 132.0 (NC6H4), 146.6 (NC6H4). 

The (silylanilino)boranes 11 and 12 were prepared in the same manner from the 

corresponding chloroborane reagents  (Me3Si)2NB(NMe2)Cl 

and ClB(NMe2)2, respectively.  (11: X = N(SiMe3)2, Y = 

NMe2). Yield: 28 %. bp: 100-110 °C (0.06 mmHg).  1H 
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NMR: δ 0.20 (s, N(SiMe3)2), 0.35 (d, NSiMe2H, JHH = 3.2), 2.83 (s, BNMe2), 2.89 (s, 

BNMe2), 4.78 (m, SiH), 6.60 (d, NC6H4, JHH = 8.8), 7.27 (d, NC6H4, 

JHH = 8.8).  13C NMR: δ -2.4 (N(SiMe3)2), 2.4 (NSiMe2H), 38.2 

(BNMe2), 39.4 (BNMe2), 117.5 (NC6H4), 121.0 (NC6H4), 131.4 

(NC6H4), 132.0 (NC6H4).  (12: X = Y = NMe2).  Yield: 56 %.  bp: 

98-108 °C (0.05 mmHg).   1H NMR: δ 0.37 (d, NSiMe2H, JHH = 

3.2), 2.62 (s, B(NMe2)2), 4.80 (m, SiH), 6.62 (d, NC6H4, JHH = 8.8), 7.30 (d, NC6H4, JHH = 

8.8).  13C NMR: -2.3 (NSiMe2H), 39.2 (B(NMe2)2), 117.6 (NC6H4), 121.1 (NC6H4), 132.1 

(NC6H4), 146.4 (NC6H4).  

 

Preparation of (Silylanilino)boranes BrC6H4N(CH3)B(X)Y (13, 14, 15). A typical 

experiment for the synthesis of 13 (X = N(SiMe3)2, Y = Cl)  is 

described here.  A 500-mL, 3-neck flask, equipped with a 

magnetic stir bar, N2 inlet, and a rubber septum, was charged 

with Et2O (150 mL) and compound G (53.9 g, 15 mmol).  The 

flask was then cooled to -78 °C and (Me3Si)2NBCl2 (4.0 g, 17 mmol, 10 % excess) was 

added dropwise.  The mixture stirred at -78 °C ca. 4 hrs and then stirred overnight at room 

temperature.  Ether was removed and hexane (75 mL) was added to precipitate the salt.  The 

reaction mixture was filtered, the solvent was removed from the filtrate under reduced 

pressure, and the product distilled as a pale, viscous liquid.  Yield: 34 %. bp: 100-149 ºC (0.4 

mmHg).  1H NMR: δ 0.21 (s, N(SiMe3)2), 3.21 (s, NCH3), 7.06 (d, NC6H4, JHH = 8.8), 7.47 

(d, NC6H4, JHH = 8.8).  13C NMR: δ 2.5 (N(SiMe3)2), 30.7 (NCH3), 113.9 (NC6H4), 128.6 

(NC6H4), 131.9 (NC6H4), 148.1 (NC6H4). 
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The (silylanilino)boranes 14 and 15 were prepared in the same 

manner from the corresponding chloroborane reagents  

(Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, respectively.  (14: X = 

N(SiMe3)2, Y = NMe2).  Yield: 56 %.  bp: 70-100 °C (1.5 

mmHg).  1H NMR: δ 0.33 (s, N(SiMe3)2), 2.83 (s, NMe2), 2.84 (s, NMe2), 2.92 (s, NCH3), 

6.81 (d, NC6H4, JHH = 8.8), 7.34 (d, NC6H4, JHH = 8.8). 13C NMR: 

2.6 (N(SiMe3)2, 39.2 (NMe2), 39.4 (NMe2), 30.7 (NCH3), 108.8 

(NC6H4), 113.9 (NC6H4), 131.9 (NC6H4), 148.3 (NC6H4).  (15: X = 

Y = NMe2).  Yield: 41 %.  bp: 70-92 °C (0.05 mmHg).   1H NMR: 

δ 2.74 (s, NCH3), 2.83 (s, B(NMe2)2), 6.52 (d, NC6H4, JHH = 8.8), 

7.33 (d, NC6H4, JHH = 8.8).  13C NMR: δ 30.7 (NCH3), 35.5 (B(NMe2)2), 108.7 (NC6H4), 

114.0 (NC6H4), 131.9 (NC6H4), 148.4 (NC6H4). 

 

Preparation of (Silylanilino)boranes BrC6H4N(H)B(X)Y (16, 17, 18). A typical 

experiment for the synthesis of 16 (X = N(SiMe3)2, Y = Cl)  is 

described here.  A 500-mL, 3-neck flask, equipped with a 

magnetic stir bar, N2 inlet, and a 125-mL addition funnel, was 

charged with Et2O (600 mL) and BrC6H4NH2 (17.2 g, 100 

mmol).  The flask was cooled to 0 °C and n-BuLi (48 mL, 110 mmol, 10 % excess) was 

added from the addition funnel.  The mixture was allowed to warm to room temperature 

while stirring ca. 2 hrs.  The flask was cooled to -78 °C and (Me3Si)2NBCl2 (12.1 g, 110 

mmol, 10 % excess) was added dropwise.  The mixture was stirred at -78 °C ca. 3 hrs and 

then allowed to stand overnight.  Ether was removed under reduced pressure and hexane (500 
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mL) was added to precipitate the salt.  The reaction mixture was filtered, the solvent was 

removed from the filtrate under reduced pressure, and the product distilled as an orange, 

viscous liquid.  Yield: 42%.  bp: 119-125 °C (0.10 mmHg).  1H NMR: δ 0.22 (s, NSiMe3), 

5.67 (s, NH), 6.92 (d, NC6H4, JHH = 8.8), 7.34 (d, NC6H4, JHH = 8.8).  13C NMR: δ 2.8 

(NSiMe3), 115.9 (NC6H4), 123.6 (NC6H4), 131.9 (NC6H4), 140.9 (NC6H4).  

The (silylanilino)boranes 17 and 18 were prepared in the same manner from the 

corresponding chloroborane reagents  (Me3Si)2NB(NMe2)Cl 

and ClB(NMe2)2, respectively.  (17: X = N(SiMe3)2, Y = 

NMe2).  Yield: 56 %.  bp: 97-114 °C (0.03 mmHg).  1H NMR: 

δ 0.16 (s, N(SiMe3)2), 2.57 (s, BNMe2), 2.76 (s, BNMe2), 4.48 

(s, NH), 6.80 (d, NC6H4, JHH = 8.8), 7.31 (d, NC6H4, JHH = 8.8).  13C NMR: δ 2.8 

(N(SiMe3)2), 38.2 (BNMe2), 39.4 (BNMe2), 116.7 (NC6H4), 121.0 

(NC6H4), 131.5 (NC6H4), 144.5 (NC6H4).  (18: X = Y = NMe2). 

Yield: 32 %.  bp: 110-115 °C (0.03 mmHg).  1H NMR: δ 2.64 (s, 

B(NMe2)2), 4.089 (s, NH), 6.59 (d, NC6H4, JHH = 8.8), 7.28 (d, 

NC6H4, JHH = 8.8).  13C NMR: δ 39.1 (B(NMe2)2), 109.8 (NC6H4), 

119.3 (NC6H4), 131.6 (NC6H4), 145.8 (NC6H4).  

 

Preparation of (Silylanilino)borane 19.  A 1-L, 3-neck flask, equipped with a magnetic stir 

bar, N2 inlet, and a 150-mL addition funnel, was charged with Et2O (600 mL) and 

BrC6H4NH2 (17.2 g, 100 mmol).  The flask was cooled to 0 °C and n-BuLi (48 mL, 110 

mmol, 10 % excess) was added from the addition funnel.  The mixture was allowed to warm 

to room temperature while stirring ca. 2 hrs.  The flask was cooled to -78 °C and 



81 

 

 

(Me3Si)2NBCl2 (12 mL, 110 mmol, 10 % excess) was added dropwise.  The mixture was 

stirred at -78 °C ca. 3 hrs and then allowed to stand 

overnight.  Ether was removed under pressure and 

hexane (550 mL) was added to precipitate the salt.  The 

reaction mixture was filtered, the solvent was then 

removed from the filtrate under reduced pressure, and 

the product distilled as an orange, viscous liquid.  Yield 22 %.  bp: 129-132 °C (1.00 

mmHg).  1H NMR: δ 0.33 (s, NSiMe3), 3.51 (s, NH), 6.59 (d, NC6H4, JHH = 8.8), 7.27 (d, 

NC6H4, JHH = 8.8).  13C NMR: δ -0.0 (NSiMe3), 109.3 (NC6H4), 117.8 (NC6H4), 132.0 

(NC6H4), 146.6 (NC6H4). 

 

Preparation of Compound 20, B2N2 Cyclic. A heavy-walled glass ampule with a 

constriction was purged with N2 and charged with 

(silylanilino)borane 1.  After degassing by the freeze-pump-

thaw method, the ampule was sealed by the use of a torch and 

placed in the oven at 250 °C for 17 days.  After cooling, the 

ampule was opened and the volatile yellow colored liquid 

compound (presumably Me3SiCl) was trapped on a vacuum 

line. The residual solid compound, labeled as B2N2 cyclic 20, was characterized by 1H and 

13C NMR, as well as X-ray diffraction analysis.  1H NMR: δ 0.10 (s, N(SiMe3)2), 6.79 (d, 

NC6H4, JHH = 8.8), 7.34 (d, NC6H4, JHH = 8.8).  13C NMR: δ 3.1 (N(SiMe3)2), 113.6 (NC6H4), 

122.6 (NC6H4), 131.9 (NC6H4), 141.9 (NC6H4).  
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Table 10. NMR Spectroscopic Data for (Silylanilino)boranes 1-3 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

1 X = Cl  

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NSiMe3 

 

NC6H4 

0.05 (s) 

 

0.22 (s) 

 

6.86 (d) 

 

7.42 (d) 

 

 

 

 

8.4 

 

8.4 

 

 
 

2.1 

 

2.9 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

118.6 

 

131.1 

 

131.8 

 

145.9 

 

 

2 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NSiMe3 

 

BNMe2 

 

 

 

NC6H4 

0.20 (s) 

 

0.31 (s) 

 

2.83 (s) 

 

2.89 (s) 

 

6.57 (d) 

 

7.25 (d) 

 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 

-0.1 

 

2.4 

 

39.2 

 

39.4 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

109.3 

 

117.7 

 

121.4 

 

131.7 
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Table 10. NMR Spectroscopic Data for (Silylanilino)boranes 1-3 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

3 X = Y = NMe2 NSiMe3 

 

B(NMe2)2 

 

NC6H4 

0.31 (s) 

 

2.63 (s) 

 

6.65 (d) 

 

7.28 (d) 

 

 

 

 

9.0 

 

9.0 

 

 

0.5 

 

39.2 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

109.5 

 

120.3 

 

131.7 

 

148.4 

 

 

 

 

 

 

 

 

 

 

 

 

 



84 

 

 

Table 11. NMR Spectroscopic Data for (Silylanilino)boranes 4-6 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

4 X = Cl 

 

Y = N(SiMe3)2 

 

E = SiMe3 

 

BN(SiMe3)2 

 

NSiMe3 

 

ArSiMe3 

 

NC6H4 

0.05 (s) 

 

0.22 (s) 

 

0.26 (s) 

 

6.98 (d) 

 

7.44 (d) 

 

 

 

 

 

 

8.2 

 

8.2 

 

 
 

-1.0 

 

2.2 

 

2.5 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

128.5 

 

133.4 

 

136.6 

 

146.9 
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Table 11. NMR Spectroscopic Data for (Silylanilino)boranes 4-6 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

5 X = NMe2 

 

Y = N(SiMe3)2 

 

E = SiMe3 

 

BN(SiMe3)2 

 

NSiMe3 

 

ArSiMe3 

 

B(NMe2)2 

 

 

 

NC6H4 

0.17 (s) 

 

0.28 (s) 

 

0.33 (s) 

 

2.64 (s) 

 

2.67 (s) 

 

6.72 (d) 

 

7.36 (d) 

 

 

 

 

 

 

 

 

 

 

8.4 

 

8.4 

 

 

-0.8 

 

0.1 

 

2.7 

 

34.4 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

115.7 

 

127.0 

 

134.6 

 

148.2 
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Table 11. NMR Spectroscopic Data for (Silylanilino)boranes 4-6 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

6 X = Y = NMe2 

 

E = SiMe3 

 

NSiMe3 

 

ArSiMe3 

 

B(NMe2)2 

 

NC6H4 

0.37 (s) 

 

0.41 (s) 

 

2.73 (s) 

 

6.80 (d) 

 

7.44 (d) 

 

 

 

 

 

 

8.4 

 

8.4 

 

 

-0.7 

 

0.2 

 

39.3 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

115.8 

 

127.1 

 

134.7 

 

148.3 
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Table 12. NMR Spectroscopic Data for (Silylanilino)boranes 7-9 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

7 X = Cl 

 

Y = N(SiMe3)2 

 

E = H 

 

BN(SiMe3)2 

 

ArSiMe3 

 

NH 

 

NC6H4 

 

0.24 (s) 

 

0.30 (s) 

 

5.76 (s) 

 

7.19 (d) 

 

7.46 (d) 

 

 

 

 

 

 

8.2 

 

8.2 

 

 
 

-0.7 

 

3.0 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

120.8 

 

122.2 

 

135.1 

 

143.3 
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Table 12. NMR Spectroscopic Data for (Silylanilino)boranes 7-9 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

8 X = NMe2 

 

Y = N(SiMe3)2 

 

E = H 

 

BN(SiMe3)2 

 

ArSiMe3 

 

BNMe2 

 

 

 

NH 

 

NC6H4 

 

0.20 (s) 

 

0.33 (s) 

 

2.61 (s) 

 

2.81 (s) 

 

4.55 (s) 

 

6.95 (d) 

 

7.42 (d) 

 

 

 

 

 

 

 

 

 

 

8.4 

 

8.4 

 

 

-0.8 

 

2.8 

 

38.5 

 

39.5 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

118.9 

 

128.7 

 

133.9 

 

146.0 
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Table 12. NMR Spectroscopic Data for (Silylanilino)boranes 7-9 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

9 X = Y = NMe2 

 

E = H 

ArSiMe3 

 

B(NMe2)2 

 

NH 

 

NC6H4 

0.35 (s) 

 

2.72 (s) 

 

3.56 (s) 

 

6.74 (d) 

 

7.38 (d) 

 

 

 

 

 

 

8.2 

 

8.2 

 

 

0.1 

 

35.5 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

 

 

 

115.7 

 

129.3 

 

134.6 

 

148.2 
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Table 13. NMR Spectroscopic Data for (Silylanilino)boranes 10-12 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

10 X = Cl 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NSiMe2H 

 

SiH 

 

NC6H4 

0.16 (s) 

 

0.27 (d)  

 

4.88 (m) 

 

6.86 (d) 

 

7.44 (d) 

 

 

3.2 

 

 

 

8.8 

 

8.8 

 

 
 

 

-0.0 

 

2.8 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

109.3 

 

117.7 

 

132.0 

 

146.6 
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Table 13. NMR Spectroscopic Data for (Silylanilino)boranes 10-12 (continued)  

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

11 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NSiMe2H 

 

BNMe2 

 

 

 

SiH 

 

NC6H4 

 

0.20 (s) 

 

0.35 (d) 

 

2.83 (s) 

 

2.89 (s) 

 

4.78 (m) 

 

6.60 (d) 

 

7.27 (d) 

 

 

3.2 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 
 

-2.4 

 

2.4 

 

38.2 

 

39.4 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

117.5 

 

121.0 

 

131.4 

 

132.0 
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Table 13. NMR Spectroscopic Data for (Silylanilino)boranes 10-12 (continued)  

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

12 X = Y = NMe2 NSiMe2H 

 

B(NMe2)2 

 

SiH 

 

NC6H4 

0.37 (d) 

 

2.62 (s) 

 

4.80 (m) 

 

6.62 (d) 

 

7.3.0 (d) 

3.2 

 

 

 

 

 

8.8 

 

8.8 

 

 
 

 

-2.3 

 

39.2 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

117.6 

 

121.1 

 

132.1 

 

146.4 
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Table 14. NMR Spectroscopic Data for (Silylanilino)boranes 13-15 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

13 X = Cl 

 

Y = N(SiMe3)2 

  

N(SiMe3)2 

 

NCH3 

 

NC6H4 

0.21 (s) 

 

3.21 (s) 

 

7.06 (d) 

 

7.47 (d) 

 

 

 

 

 

8.8 

 

8.8 

 

 

2.5 

 

30.7 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

113.9 

 

128.6 

 

131.9 

 

148.1 

 

 

14 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

BNMe2 

 

 

 

NCH3 

 

NC6H4 

0.33 (s) 

 

2.83 (s) 

 

2.84 (s) 

 

2.92 (s) 

 

6.81 (d) 

 

7.34 (d) 

 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 

2.6 

 

39.2 

 

39.4 

 

30.7 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.8 

 

113.9 

 

131.9 

 

148.3 
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Table 14. NMR Spectroscopic Data for (Silylanilino)boranes 13-15 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

15 X = Y = NMe2 NCH3 

 

B(NMe2)2 

 

NC6H4 

2.40 (s) 

 

2.83 (s) 

 

6.52 (d) 

 

7.33 (d) 

 

 

 

 

8.8 

 

8.8 

 

 

30.7 

 

35.5 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.7 

 

114.0 

 

131.9 

 

148.4 
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Table 15. NMR Spectroscopic Data for (Silylanilino)boranes 16-18 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

16 X = Cl 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NH 

 

NC6H4 

0.22 (s) 

 

5.67 (s) 

 

6.92 (d) 

 

7.34 (d) 

 

 

 

 

8.8 

 

8.8 

 

 

2.8 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

115.9 

 

123.6 

 

131.9 

 

140.9 

 

 

17 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

BNMe2 

 

 

 

NH 

 

NC6H4 

0.16 (s) 

 

2.57 (s) 

 

2.76 (s) 

 

4.48 (s) 

 

6.80 (d) 

 

7.31 (d) 

 

 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 

2.8 

 

38.2 

 

39.4 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

116.7 

 

121.0 

 

131.5 

 

144.5 
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Table 15. NMR Spectroscopic Data for (Silylanilino)boranes 16-18 (continued) 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

18 X = Y = NMe2 B(NMe2)2 

 

NH 

 

NC6H4 

2.64 (s) 

 

4.09 (s) 

 

6.59 (d) 

 

7.28 (d) 

 

 

 

 

8.8 

 

8.8 

 

 
 

39.1 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

109.8 

 

119.3 

 

131.6 

 

145.8 
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Table 16. Physical and Analytical Data for (Silylanilino)boranes 1-3 

 
 

 

 

 

 

 

  

 

  

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

1 

52 132-142 (0.50) 

 

40.28 

(40.05) 

7.96 

(6.95) 

 

2 

31 90-94 (0.20) 

 

45.24 

(44.54) 

9.05 

(8.13) 

 

3 

49 115-118 (0.10) 

 

44.98 

(45.63) 

7.47 

(7.36) 
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Table 17. Physical and Analytical Data for (Silylanilino)boranes 4-6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

4 

62 96-108 (0.01) 

 

48.68 

(48.79) 

10.27 

(9.10) 

 

5 

34 80-104 (0.04) 

 

53.43 

(53.65) 

10.47 

(9.46) 

 

6 

51 97-120 (0.07) 

 

58.93 

(57.29) 

12.53 

(10.22) 
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Table 18. Physical and Analytical Data for (Silylanilino)boranes 7-9 

 

 
*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

7 

23 96-98 (0.01) 

 

47.80 

(48.57) 

9.31 

(8.70) 

 

8 

57 86-90 (0.30) 

 

* 

(53.79) 

 

(10.09) 

 

9 

47 75-79 (0.45) * 

(59.31) 

 

(9.95) 
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Table 19. Physical and Analytical Data for (Silylanilino)boranes 10-12 

 

 
*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

10 

39 123-127 (0.30) 

 

38.40 

(39.13) 

6.92 

(7.56) 

 

11 

28 100-110 (0.06) 

 

* 

(43.24) 

 

(7.94) 

 

12 

56 99-108 (0.05) 

 

45.59 

(43.92) 

7.32 

(7.07) 
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Table 20. Physical and Analytical Data for (Silylanilino)boranes 13-15 

 

 
*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

13 

34 100-149 (0.40) 

 

39.84 

(39.86) 

7.22 

(6.43) 

 

14 

56 70-100 (1.50) 

 

* 

(45.01) 

 

(7.81) 

 

15 

41 70-92 (0.05) 

 

45.74 

(46.52) 

5.55 

(6.74) 
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Table 21. Physical and Analytical Data for (Silylanilino)boranes 16-18 

 

 
*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

16 

42 110-125 (0.10) 

 

36.02 

(38.16) 

6.00 

(6.14) 

 

17 

56 97-114 (0.03) 

 

* 

(43.53) 

 

(7.57) 

 

18 

31 110-115 (0.07) 

 

* 

(44.49) 

 

(6.35) 
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Table 22. NMR Spectroscopic Data for (Silylanilino)borane 19 

 

 

 1H NMR 13C NMR 

Compound Signal δ JHH, Hz δ 

19 X = Y = NMe2 B-SiMe3 

 

N-H 

 

N-C6H4 

0.33 (s) 

 

3.51 (s) 

 

6.59 (d) 

 

7.27 (d) 

 

 

 

 

8.8 

 

8.8 

 

 

-0.0 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

109.8 

 

117.8 

 

132.0 

 

146.6 
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Table 23. Crystal Data for (Silylanilino)borane 19 

Complex 19 

Empirical Formula C18H28BBr2N3Si2 

Formula Weight 513.24 

Crystal Color, Habit Clear, colourless block 

Crystal Dimensions 0.040x0.200x0.260 mm 

Crystal System Triclinic 

Space Group P-1 

Lattice Type  

Lattice Parameters a = 9.275(5) Å 

 b = 11.46(6) Å 

 c = 11.89(7) Å 

 v = 1144.67(11) Å3 

Z value 2 

Dcalc 1.489 g/cm3 

Temperature  100(2) (K) 

# of Reflections Measured 25,675 

Residuals: R; Rw 0.0273; 0.0632 

Goodness of Fit Indicator 1.098 

Structure Solution SHELXS-97 (Sheldrick, 2008) 
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Table 24. Bond Lengths (Å) for (Silylanilino)borane 19 

Atoms Distance Atoms Distance 

Br(1)-C(4) 1.914(4) Br(2)-C(16) 1.904(3) 

C(11) – Si(1) 1.857(3) C(11)-H(11A) 0.99(4) 

C(11)-H(11B) 0.96(4) C(11)-H(11C) 0.95(4) 

C(12)-Si(1) 1.868(3) C(12)-H(12A) 0.93(4) 

C(12)-H(12B) 0.98(4) C(12)-H(12C) 0.93(4) 

C(10)-Si(1) 1.859(4) C(10)-H(10A) 0.94(4) 

C(10)-H(10B) 0.91(3) (C10)-H(10C) 0.92(4) 

N(1)-C(1) 1.400(4) N(1)-B(1) 1.433(4) 

N(1)-H(1) 0.81(4) C(1)-C(6) 1.390(4) 

C(1)-C(2) 1.391(4) Si(2)-N(3) 1.753(2) 

Si(2)-C(9) 1.858(3) Si(2)-C(7) 1.860(3) 

Si(2)-C(8) 1.863(3) N(2)-C(13) 1.402(4) 

N(2)-B(1) 1.433(4) N(2)-H(2’) 0.76(3) 

C(13)-C(18) 1.394(4) C(13)-C(14) 1.397(4) 

N(3)-B(1) 1.454(4) N(3)-Si(1) 1.753(2) 

C(4)-C(3) 1.373(4) C(4)-C(5) 1.383(4) 

C(3)-C(2) 1.385(4) C(3)-H(3) 0.91(3) 

C(2)-H(2) 0.95(3) C(14)-C(15) 1.381(4) 

C(14)-H(114) 0.96(3) C(15)-C(16) 1.381(4) 

C(15)-H(15) 0.95(3) C(16)-C(17) 1.386(4) 

C(6)-C(5) 1.384(4) C(6)-H(6) 0.93(3) 

C(5)-H(5) 0.97(3) C(18)-C(17) 1.387(4) 
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Table 24. Bond Lengths (Å) for (Silylanilino)borane 19 (continued) 

Atoms Distance Atoms Distance 

C(18)-H(18) 0.89(3) C(17)-H(17) 0.93(3) 

C(8)-H(8A) 0.90(4) C(8)-H(8B) 0.92(4) 

C(8)-H(8C) 0.98(4) C(7)-H(7A) 0.97(3) 

C(7)-H(7B) 0.90(4) C(7)-H(7C) 0.96(4) 

C(9)-H(9A) 0.91(4) C(9)-H(9B) 0.97(4) 

C(9)-H(9C) 0.95(4)   
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Table 25. Bond angles () for (Silylanilino)borane 19 

Atoms Angle Atoms Angle 

Si(1)-C(11)-H(11A) 155.(2) Si(1)-C(11)-H(11B) 114.(2) 

H(11A)-C(11)-H(11B) 107.(3) Si(1)-C(11)-H(11C) 111.(2) 

H(11A)-C(11)-H(11C) 104.(3) H(11B)-C(11)-H(11C) 104.(3) 

Si(1)-C(12)-H(12A) 110.(2) Si(1)-C(12)-H(12B) 106.(2) 

H(12A)-C(12)-H(12B) 108.(3) Si(1)-C(12)-H(12C) 115.(2) 

H(12A)-C(12)-H(12C) 107.(3) H(12B)-C(12)-H(12C) 111.(3) 

Si(1)-C(10)-H(10A) 116.(2) Si(1)-C(10)-H(10B) 111.(2) 

H(10A)-C(10)-H(10B) 106.(3) Si(1)-C(10)-H(10C) 110.(2) 

H(10A)-C(10)-H(10C) 104.(3) H(10B)-C(10)-H(10C) 109.(3) 

C(1)-N(1)-B(1) 127.3(3) C(1)-N(1)-H(1) 116.(2) 

B(1)-N(1)-H(1) 116.(2) C(6)-C(1)-C(2) 117.7(3) 

C(6)-C(1)-N(1) 120.4(3) C(2)-C(1)-N(1) 121.9(3) 

N(3)-Si(2)-C(9) 108.53(14) N(3)-Si(2)-C(7) 109.34(14) 

C(9)-Si(2)-C(7) 107.77(18) N(3)-Si(2)-C(8) 115.78(14) 

C(9)-Si(2)-C(8) 107.84(18) C(7)-Si(2)-C(8) 107.32(17) 

C(13)-N(2)-B(1) 128.7(3) C(13)-N(2)-H(2’) 115.(2) 

B(1)-N(2)-H(2’) 116.(2) C(18)-C(13)-C(14) 117.9(3) 

C(18)-C(13)-N(2) 121.6(3) C(14)-C(13)-N(2) 120.5(3) 

B(1)-N(3)-Si(2) 117.72(19) B(1)-N(3)-Si(1) 119.33(18) 

Si(2)-N(3)-Si(1) 122.93(13) C(3)-C(4)-C(5) 121.4(3) 

C(3)-C(4)-Br(1) 120.4(2) C(5)-C(4)-Br(1) 118.1(2) 

C(4)-C(3)-C(2) 119.0(3) C(4)-C(3)-H(3) 121.(2) 
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Table 25. Bond angles () for (Silylanilino)borane 19 (continued) 

Atoms Angle Atoms Angle 

C(2)-C(3)-H(3) 120.(2) C(3)-C(2)-C(1) 121.4(3) 

C(3)-C(2)-H(2) 119.3(18) C(1)-C(2)-H(2) 119.3(18) 

N(1)-B(1)-N(2) 116.2(3) N(1)-B(1)-N(3) 121.9(3) 

N(2)-B(1)-N(3) 121.9(3) C(15)-C(14)-C(13) 121.1(3) 

C(15)-C(14)-H(114) 119.8(16) C(13)-C(14)-H(114) 118.4(16) 

C(16)-C(15)-C(14) 119.8(3) C(16)-C(15)-H(15) 118.9(18) 

C(14)-C(15)-H(15) 121.3(18) C(15)-C(16)-C(17) 120.7(3) 

C(15)-C(16)-Br(2) 118.9(2) C(17)-C(16)-Br(2) 120.4(2) 

C(5)-C(6)-C(1) 121.8(3) C(5)-C(6)-H(6) 116.3(18) 

C(1)-C(6)-H(6) 121.9(18) C(4)-C(5)-C(6) 118.5(3) 

C(4)-C(5)-H(5) 119.7(19) C(6)-C(5)-H(5) 121.7(19) 

(C17)-C(18)-C(13) 121.5(3) C(17)-C(18)-H(18) 120.(2) 

C(13)-C(18)-H(18) 119.(2) C(16)-C(17)-C(18) 119.0(3) 

C(16)-C(17)-H(17) 122.(2) C(18)-C(17)-H(17) 119.(2) 

N(3)-Si(1)-C(11) 114.69(14) N(3)-Si(1)-C(10) 109.02(14) 

C(11)-Si(1)-C(10) 107.82(17) N(3)-Si(1)-C(12) 109.43(14) 

C(11)-Si(1)-C(12) 106.91(17) C(10)-Si(1)-C(12) 108.82(17) 

Si(2)-C(8)-H(8A) 105.(2) Si(2)-C(8)-H(8B) 114.(2) 

H(8A)-C(8)-H(8B) 112.(3) Si(2)-C(8)-H(8C) 114.(2) 

H(8A)-C(8)-H(8C) 110.(3) H(8B)-C(8)-H(8C) 103.(3) 

Si(2)-C(7)-H(7A) 113.(2) Si(2)-C(7)-H(7B) 113.(2) 

H(7A)-C(7)-H(7B) 106.(3) Si(2)-C(7)-H(7C) 113.(2) 
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Table 25. Bond angles () for (Silylanilino)borane 19 (continued) 

Atoms Angle Atoms Angle 

H(7A)-C(7)-H(7C) 105.(3) H(7B)-C(7)-H(7C) 106.(3) 

Si(2)-C(9)-H(9A) 112.(2) Si(2)-C(9)-H(9B) 112.(2) 

H(9A)-C(9)-H(9B) 107.(3) Si(2)-C(9)-H(9C) 113.(2) 

H(9A)-C(9)-H(9C) 104.(3) H(9B)-C(9)-H(9C) 109.(3) 
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Table 26. NMR Spectroscopic Data for Thermal Decomposition Compound 20 

 

 1H NMR 13C NMR 

 

Compound Signal δ JHH δ 

 

 

N(SiMe3)2 

 

NC6H4 

0.10  (s) 

 

6.79 (d) 

 

7.34 (d) 

 

 

8.8 

 

8.8 

 

 

3.1 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

113.6 

 

122.6 

 

131.9 

 

141.9 
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Table 27. Crystallographic Data of Compound 20 

 

Complex 20 

Empirical Formula C24H44B2Br2ClN4Si4 

 

Formula Weight 682.43 

 

Crystal Dimensions  0.06 × 0.04 × 0.03 mm 

 

Crystal System Triclinic 

 

Space Group P-1  

 

Lattice Parameters  a = 11.2409(14) Å 

 

 b = 12.6312(16) Å 

 

 c = 12.7709(16) Å 

 

 v = 1723.3(4) Å3 

 

Z value 2 

 

Dcalc (g/cm3) 1.315 

 

Temperature 91(2) K 

 

# of reflections measured 14,118 

 

Residuals: R; wR 0.0416; 0.0880 

 

GOF 0.990 

 

Structure Solution 

 

XS, Bruker SHELXTL v. 6.12 
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Table 28. Selected Bond Distances (Å) and Angles (deg) of Compound 20 

 

atoms distance (Å) atoms angle (deg) 

N1-C4 1.392(3) C4-N1-B1 136.41(19) 

 

N1-B1 1.467(3) C16-N3-B2 136.07(19) 

 

N2-B1 1.428(3) B1-N1A-B1A 87.20(18) 

 

N1A-C16 1.392(3) N2-B1-N1 133.5(2) 

 

N1A-B1A 1.463(3) N1-B1-N1A 93.13(17) 
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SECTION THREE 

Synthesis of B-Ar-N (Silylanilino)boranes 

 

 This section will focus on the synthesis and characterization of the silylanilino 

derivatives with the B-Ar-N backbone. After successful preparation of the silylaniline 

reagents B, G, H and I, as discussed in section one, we have prepared (silylanilino)boranes 

21-32 via metal-halogen exchange reactions with a chloroborane reagent, prepared based on 

previously reported literature procedures.64, 104-105  

 

 

3.1 Synthesis of 4-bis(trimethylsilyl)amino derivatives, X(Y)BC6H4N(SiMe3)2  (From B) 

The treatment of silylaniline reagent B with one equivalent of n-BuLi, followed by 

one equivalent of the chloroborane reagent afforded the 4-bis(trimethylsilyl)amino B-Ar-N 

derivatives, (silylanilino)boranes 21, 22, and 23 (eq 40). These compounds were obtained as 

pale yellow, viscous distillable liquids in moderate yield (30-44 %). All three were 

characterized by 1H and 13C NMR spectroscopy (Table 27). 

 

 

(40) 

 

In a preliminary experiment to test the condensation potential of these types of  

B-Ar-N derivatives, a sample of compound 21 was placed in a sealed tube, and degassed via 

the freeze-pump-thaw technique. The sample was placed in a conventional oven. After one 
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month of heating at 200 °C, the sample did not show any signs of condensation to an 

oligomer or polymeric material. There were no observations that compound 21 was able to 

eliminate Me3SiCl, which would be necessary for the formation of a polymeric material.  

 

 

3.2 Synthesis of methylated aminoboranes 

 

After the unsuccessful condensation of 21 to any type of substance, we looked for 

ways to incorporate moieties smaller than the common bulky Me3Si, with the reasoning that 

perhaps compounds 21-23 with the (bis)trimethylsilylamino moieties possessed too much 

stability due to sterics. This led to the synthesis of silylaniline reagents G, H, and I, each of 

which were described in section one of this dissertation. Multiple derivatives have been 

obtained from each of these reagents, offering compounds with the B-Ar-N arrangement with 

smaller substituents about the N bonded to the aryl ring. 

 

3.2.1 Synthesis of (trimethylsilyl)methylamino derivatives, X(Y)BC6H4N(SiMe3)CH3 

(From G) 

When silylaniline reagent G was treated with one equivalent of n-BuLi and one 

equivalent of a chloroborane reagent, (silylanilino)boranes 24, 25, and 26 were obtained (eq 

41). These compounds possess a N surrounded by a Me3Si substituent and a methyl 

substituent, a somewhat less sterically crowded arrangement than in the (silylanilino)boranes 

21-23.  
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(41) 

 

Compounds 24-26 were obtained as colorless to pale yellow distillable liquids in 

moderate yields (38-56 %). All compounds were characterized by 1H and 13C NMR 

spectroscopy (Table 28). No preliminary pyrolysis experiments have been conducted on 

these three derivatives to date.  

 

 

3.2.2 Synthesis of (dimethylsilyl)methylamino derivatives, X(Y)BC6H4N(SiMe2H)CH3 

(From H) 

In similar chemistry, the treatment of silylaniline reagent H with one equivalent of  

n-BuLi, followed by one equivalent of a chloroborane reagent afforded B-Ar-N derivatives, 

(silylanilino)boranes 27, 28, and 29 (eq 42).  

 

 

(42) 

 

These compounds were collected as yellow to orange distillable liquids. In some 

experiments, multiple distillations were necessary to obtain a pure sample, which resulted in 

moderate yields (36-50 %). All were characterized by 1H and 13C NMR spectroscopy (Table 
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29). No preliminary pyrolysis experiments have been conducted on compounds 27-29 to 

date.  

 

3.2.3 Synthesis of (dimethyl)amino derivatives, X(Y)BC6H4N(CH3)2 (From I) 

 To prepare derivatives with a simple dimethyl-amino portion, silylaniline reagent I 

was allowed to react with one equivalent of n-BuLi, followed by one equivalent of a 

chloroborane reagent, which afforded (silylanilino)boranes 30, 31, and 32 (eq 43).  

 

 

(43) 

 

These compounds were obtained as viscous, pale yellow distillable liquids. Similar to 

compounds 27-29, some samples required multiple distillations in order to obtain a pure 

sample. This challenge resulted in compounds 30-32 being prepared in low to moderate 

yields (26-41 %). All three were characterized by 1H and 13C NMR spectroscopy (Table 30). 

No preliminary pyrolysis experiments have been conducted on these three compounds to 

date.  
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3.3 EXPERIMENTAL 

Materials and General Procedures. The following reagents were obtained from 

commercial sources and used without further purification: BrC6H4NH2, (Me3Si)2NH, 

Me3SiCl, n-BuLi (2.5 M hexane solution),  BCl3 (1.0 M heptane solution), anhydrous HCl 

(1.0 M diethyl ether solution), (Me3Si)NMe2 and Me2SiHCl.  The chloroborane reagents, 

(Me3Si)2NBCl2, (Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, were prepared by referenced 

procedures.64, 104-105 Proton and 13C{1H} NMR spectra were obtained on a Mercury 300 or a 

Bruker-400 spectrometer, using CDCl3 as a lock solvent, with coupling constants (J) given in 

Hz. All reactions and manipulations were carried out under a nitrogen atmosphere and/or by 

using standard vacuum line techniques.  

 

Preparation of (Silylanilino)boranes X(Y)BC6H4N(SiMe3)2 (21, 22, 23). A typical 

experiment for the synthesis of 21 (X = N(SiMe3)2, Y = 

Cl) is described here.  A 500 mL, 3-neck flask, equipped 

with a magnetic stir bar, N2 inlet and a septum, was 

charged with Et2O (250 mL) and silylaniline reagent B 

(19.7 g, 62 mmol). The flask was cooled to 0 ºC and n-BuLi (28 mL, 68 mmol, 10 % excess) 

was added dropwise. The mixture was allowed to warm to room temperature while stirring 

ca. 2 hrs. The flask was then cooled to -78 ºC and the chloroborane reagent, (Me3Si)2NBCl2 

(16.2 g, 68 mmol, 10 % excess) was added dropwise. The mixture stirred at -78 ºC while 

stirring ca. 4 hrs and was then allowed to warm to room temperature while stirring overnight. 

The next day, Et2O was removed under reduced pressure and hexane (150 mL) was added to 

precipitate the salt. The mixture was filtered, the solvent was removed from the filtrate under 
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reduced pressure, and the product distilled as a pale, yellow viscous liquid. Yield: 44 %. bp: 

132-136 ºC (0.15 mmHg). 1H NMR: δ 0.05 (s, N(SiMe3)2), 0.22 (s, N(SiMe3)2), 6.86 (d, 

NC6H4, JHH = 8.6), 7.42 (d, NC6H4, JHH = 8.6).  13C NMR: δ 2.4 (N(SiMe3)2), 3.9 

(BN(SiMe3)2), 118.4 (NC6H4), 125.0 (NC6H4), 131.1 (NC6H4), 145.6 (NC6H4).  

 The (silylanilino)boranes 22 and 23 were prepared in the same manner from the 

corresponding chloroborane reagents 

(Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, respectively.  

(22: X = N(SiMe3)2, Y = NMe2). Yield: 30 %. bp: 108-

111 ºC (0.1 mmHg). 1H NMR: δ 0.11 (s, N(SiMe3)2), 

0.20 (s, N(SiMe3)2), 2.84 (s, BNMe2), 2.89 (s, BNMe2), 6.79 (d, NC6H4, JHH = 8.6), 7.34 (d, 

NC6H4, JHH = 8.6). 13C NMR: δ 0.9 (N(SiMe3)2), 2.0 (BN(SiMe3)2), 34.3 (BNMe2), 36.1 

(BNMe2), 123.5 (NC6H4), 128.4 (NC6H4), 131.5 (NC6H4), 133.5 (NC6H4).  (23: X = Y = 

NMe2). Yield: 44 %. bp: 88-116 ºC (0.15 mmHg). 1H NMR: 

δ 0.12 (s, N(SiMe3)2), 2.71 (s, N(Me2)2), 6.88 (d, NC6H4, JHH 

= 8.2), 7.23 (d, NC6H4, JHH = 8.2). 13C NMR: δ 2.1 

(N(SiMe3)2), 41.1 (N(Me2)2), 120.3 (NC6H4), 129.2 (NC6H4), 133.9 (NC6H4), 147.0 (NC6H4).  
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Preparation of (Silylanilino)boranes X(Y)BC6H4N(SiMe3)CH3 (24, 25, 26). A typical 

experiment for the synthesis of 24 (X = N(SiMe3)2, Y = 

Cl) is described here.  A 500 mL, 3-neck flask, equipped 

with a magnetic stir bar, N2 inlet, and a septum, was 

charged with Et2O (150 mL) and silylaniline reagent I 

(5.2 g, 20 mmol). The flask was cooled to 0 ºC and n-BuLi (9 mL, 22 mmol, 10 % excess) 

was added dropwise. The mixture was allowed to warm to room temperature while stirring 

ca. 2 hrs. The flask was then cooled to -78 ºC and the chloroborane reagent, (Me3Si)2NBCl2, 

(25.3 g, 22 mmol, 10 % excess), was added dropwise. The mixture was stirred at -78 ºC for 

ca. 4 hrs and was then allowed to warm to room temperature while stirring overnight. The 

next day, Et2O was removed under reduced pressure and hexane (100 mL) was added to 

precipitate the salt. The mixture was filtered, the solvent was removed under reduced 

pressure, and the product distilled as a pale, yellow liquid. Yield: 38 %. bp: 86-98 ºC (0.07 

mmHg). 1H NMR: 0.08 (s, BN(SiMe3)2), 0.22 (s, NSiMe), 3.22 (s, NCH3), 7.06 (d, NC6H4, 

JHH = 8.8), 7.48 (d, NC6H4, JHH = 8.8).  13C NMR: δ 1.2 (BN(SiMe3)2), 4.0 (NSiMe3), 35.0 

(NCH3), 111.2 (NC6H4), 115.7 (NC6H4), 136.6 (NC6H4), 154.4 (NC6H4).  

The silylanilinoboranes 25 and 26 were prepared in the same manner from the corresponding 

chloroborane reagents (Me3Si)2NB(NMe2)Cl and 

ClB(NMe2)2, respectively. (25: X = N(SiMe3)2, Y = 

NMe2). Yield: 56 %. bp: 70-110 ºC (2.0-1.5 mmHg). 1H 

NMR: δ 0.22 (s, BN(SiMe3)2), 0.34 (s, NSiMe3), 2.85 (s, 

BNMe2), 2.90 (s, BNMe2), 2.96 (s, NCH3), 6.96 (d, NC6H4, JHH = 9.0), 7.34 (d, NC6H4, JHH = 

9.0).  13C NMR: δ 0.8 (BN(SiMe3)2, 2.5 (NSiMe3), 35.1 (BNMe2), 35.2 (BNMe2), 39.3 
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(NCH3), 112.4 (NC6H4), 117.7 (NC6H4), 128.7 (NC6H4), 

151.0 (NC6H4). (26: X = Y = NMe2). Yield: 41 %. bp: 70-92 

ºC (0.05 mmHg). 1H NMR: δ 0.19 (s, NSiMe3), 2.97 (s, 

B(NMe2)2), 3.02 (s, NCH3), 6.86 (d, NC6H4, JHH = 9.0), 7.41 

(d, NC6H4, JHH = 9.0).  13C NMR: δ 0.8 (NSiMe3), 30.8 (B(NMe2)2), 35.3 (NCH3), 112.5 

(NC6H4), 119.2 (NC6H4), 131.9 (NC6H4), 148.4 (NC6H4).  

 

Preparation of (Silylanilino)boranes X(Y)BC6H4N(SiMe2H)CH3 (27, 28, 29).  A typical 

experiment for the synthesis of 27 (X = N(SiMe3)2, Y 

= Cl) is described here.  A 250 mL, 3-neck flask, 

equipped with a stir bar, N2 inlet and a septum, was 

charged with Et2O (150 mL) and silylaniline reagent H 

(4.9 g, 20 mmol). The flask was cooled to 0 ºC and n-BuLi (9 mL, 22 mmol, 10 % excess) 

was added dropwise. The mixture was allowed to warm to room temperature while stirring 

ca. 2 hrs. The flask was then cooled to -78 ºC and the chloroborane reagent, (Me3Si)2NBCl2 

(5.3 g, 22 mmol, 10 % excess) was added dropwise. The mixture was stirred at -78 ºC for ca. 

4 hrs and was then allowed to warm to room temperature while stirring overnight. The next 

day, Et2O was removed under reduced pressure and hexane (100 mL) was added to 

precipitate the salt. The mixture was filtered, the solvent was removed from the filtrate under 

reduce pressure, and the product distilled as a pale, yellow viscous liquid. Yield: 50 %. bp: 

95-110 ºC (0.90 mmHg).  1H NMR: δ 0.10 (d, NSiMe2H, JHH = 3.2), 0.20 (s, N(SiMe3)2), 

3.06 (s, NCH3), 5.01 (m, SiH), 7.08 (d, NC6H4, JHH = 8.8), 7.41 (d, NC6H4, JHH = 8.8).  13C 
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NMR: δ -0.9 (NSiMe2H), 2.8 (N(SiMe3)2), 38.3 (NCH3), 113.9 (NC6H4), 126.5 (NC6H4), 

131.9 (NC6H4), 149.5 (NC6H4). 

The (silylanilino)boranes 28 and 29 were prepared in 

the same manner from the corresponding chloroborane 

reagents (Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, 

respectively. (28: X = N(SiMe3)2, Y = NMe2). Yield: 

36 %. bp: 58-61 ºC (0.04 mmHg). 1H NMR: δ 0.09 (s, N(SiMe3)2), 0.13 (d, NSiMe2H, JHH = 

3.2), 2.62 (s, N(CH3)2), 2.65 (s, N(CH3)2), 4.90 (m, SiH), 6.51 (d, NC6H4, JHH = 8.8), 7.29 (d, 

NC6H4, JHH = 8.8). 13C NMR: δ -0.7 (N(SiMe3)2), 2.6 (NSiMe2H), 34.3 (NMe2), 39.8 

(NCH3), 113.9 (NC6H4), 117.7 (NC6H4), 131.9 (NC6H4), 148.2 (NC6H4).  (29: X = Y = 

NMe2). Yield: 45 %. bp: 110-135 ºC (1.4 mmHg). 1H 

NMR: δ 0.13 (d, NSiMe2H, JHH = 3.6), 2.86 (s, B(NMe2)2), 

2.96 (s, NCH3), 4.87 (m, SiH), 6.60 (d, NC6H4, JHH = 8.8), 

7.31 (d, NC6H4, JHH = 8.8). 13C NMR: δ –0.6 (NSiMe2H), 

34.8 (B(NMe2)2), 40.6 (NCH3), 108.7 (NC6H4), 114.0 (NC6H4), 131.9 (NC6H4), 148.3 

(NC6H4). 

 

Preparation of (Silylaniline)boranes X(Y)BC6H4N(CH3)2 (30, 31, 32). A typical 

experiment for the synthesis of 30 (X = N(SiMe3)2, Y = 

Cl) is described here.  A 250 mL, 3-neck flask, equipped 

with a stir bar, N2 inlet and a septum, was charged with 

Et2O (100 mL) and silylaniline reagent I (2.0 g, 10 mmol). 

The flask was cooled to 0 ºC and n-BuLi (5 mL, 11 mmol, 10 % excess) was added dropwise. 
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The mixture was allowed to warm to room temperature while stirring ca. 2 hrs. The flask was 

then cooled to -78 ºC and the chloroborane reagent, (Me3Si)2NBCl2 (2.7 g, 11 mmol, 10 % 

excess), was added dropwise. The mixture stirred at -78 ºC for ca. 4 hrs and was then allowed 

to warm to room temperature while stirring overnight. The next day, Et2O was removed 

under reduced pressure and hexane (75 mL) was added to precipitate the salt. The mixture 

was filtered, the solvent was removed from the filtrate under reduced pressure, and the 

product distilled as a pale yellow, viscous liquid. Yield: 39 %. bp: 70-94 °C (0.40 mmHg). 

1H NMR: δ 0.17 (s, N(SiMe3)2), 2.95 (s, N(CH3)2), 6.62 (d, NC6H4, JHH = 9.2), 7.34 (d, 

NC6H4, JHH = 9.2). 13C NMR: δ 2.7 (N(SiMe3)2), 40.5 (N(CH3)2), 108.5 (NC6H4), 114.1 

(NC6H4), 131.7 (NC6H4), 149.5 (NC6H4).  

 The (silylanilino)boranes 31 and 32 were prepared in the same manner from the 

corresponding chloroborane reagents 

(Me3Si)2NB(NMe2)Cl and ClB(NMe2)2, respectively. (31: 

X = N(SiMe3)2, Y = Cl). Yield: 41 %. bp: 79-84 °C (0.03 

mmHg). 1H NMR: δ 0.18 (s, N(SiMe3)2), 2.82 (s, 

N(CH3)2), 2.88 (s, N(CH3)2), 6.79 (d, NC6H4, JHH = 8.2), 7.27 (d, NC6H4, JHH = 8.2).  13C 

NMR: δ 2.4 (N(SiMe3)2), 39.2 (BNMe2), 39.4 (BNMe2), 40.6 (N(CH3)2, 112.7 (NC6H4), 

116.7 (NC6H4), 129.1 (NC6H4), 131.7 (NC6H4). (32: X = Y = 

NMe2).  Yield: 26 %. bp: 78-86 °C (0.05  mmHg). 1H NMR: δ 

2.98 (s, B(NMe2)2), 3.02 (s, N(CH3)2), 6.65 (d, NC6H4, JHH = 

9.2), 7.38 (d, NC6H4, JHH = 9.2).  13C NMR: δ 33.8 

(B(NMe2)2), 40.5 (N(CH3)2), 108.6 (NC6H4), 114.1 (NC6H4), 131.7 (NC6H4), 149.5 (NC6H4).  
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Table 29. NMR Spectroscopic Data for (Silylanilino)boranes 21-23 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

21 X = Cl 

 

Y = N(SiMe3)2 

N(SiMe3)2 

 

BN(SiMe3)2 

 

NC6H4 

0.05 (s) 

 

0.22 (s) 

 

6.86 (d) 

 

7.42 (d) 

 

 

 

 

8.6 

 

8.6 

 

 

2.4 

 

3.9 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

118.4 

 

125.0 

 

131.1 

 

145.6 

 

 

22 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

BN(SiMe3)2 

 

BNMe2 

 

 

 

NC6H4 

0.11 (s) 

 

0.20 (s) 

 

2.84 (s) 

 

2.89 (s) 

 

6.79 (d) 

 

7.34 (d) 

 

 

 

 

 

 

 

 

8.6 

 

8.6 

 

 

0.9 

 

2.0 

 

34.3 

 

36.1 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

123.5 

 

128.4 

 

131.5 

 

133.5 
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Table 29. NMR Spectroscopic Data for (Silylanilino)boranes 21-23 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

23 X = Y = B(NMe2)2 N(SiMe3)2 

 

B(NMe2)2 

 

NC6H4 

0.12 (s) 

 

2.71 (s) 

 

6.88 (d) 

 

7.23 (d) 

 

 

 

 

8.2 

 

8.2 

 

 

2.1 

 

41.1 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

120.3 

 

129.2 

 

133.9 

 

147.0 
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Table 30. NMR Spectroscopic Data for (Silylanilino)boranes 24-26 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

24 X = Cl 

 

Y = N(SiMe3)2 

 

 

BN(SiMe3)2 

 

NSiMe3 

 

NCH3 

 

NC6H4 

0.08 (s) 

 

0.22 (s) 

 

3.22 (s) 

 

7.06 (d) 

 

7.48 (d) 

 

 

 

 

 

 

8.8 

 

8.8 

 

 

1.2 

 

4.0 

 

35.0 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

111.2 

 

115.7 

 

136.6 

 

154.4 

 

 

25 X = NMe2 

 

Y = N(SiMe3)2 

 

BN(SiMe3)2 

 

NSiMe3 

 

BNMe2 

 

 

 

NCH3 

 

NC6H4 

0.22 (s) 

 

0.34 (s) 

 

2.85 (s) 

 

2.90 (s) 

 

2.96 (s) 

 

6.96 (d) 

 

7.34 (d) 

 

 

 

 

 

 

 

 

 

 

9.0 

 

9.0 

 

 

0.8 

 

2.5 

 

35.1 

 

35.2 

 

39.3 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

112.4 

 

117.7 

 

128.7 

 

151.0 
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Table 30. NMR Spectroscopic Data for (Silylanilino)boranes 24-26 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

26 X = Y = NMe2 

 

NSiMe3 

 

B(NMe2)2 

 

NCH3 

 

NC6H4 

0.19 (s) 

 

2.97 (s) 

 

3.02 (s) 

 

6.86 (d) 

 

7.41 (d) 

 

 

 

 

 

 

9.0 

 

9.0 

 

 

0.8 

 

30.8 

 

35.3 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

112.5 

 

119.2 

 

131.9 

 

148.4 
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Table 31. NMR Spectroscopic Data for (Silylanilino)boranes 27-29 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

27 X = Cl 

 

Y = N(SiMe3)2 

 

NSiMe2H 

 

N(SiMe3)2 

 

NCH3 

 

SiH 

 

NC6H4 

0.10 (d) 

 

0.20 (s) 

 

3.06 (s) 

 

5.01 (m) 

 

7.08 (d) 

 

7.41 (d) 

3.2 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 
 

 

-0.9 

 

2.8 

 

38.3 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

113.9 

 

126.5 

 

131.9 

 

149.5 
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Table 31. NMR Spectroscopic Data for (Silylanilino)boranes 27-29 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

28 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NSiMe2H 

 

NMe2 

 

NCH3 

 

SiH 

 

NC6H4 

0.09 (s) 

 

0.13 (d) 

 

2.62 (s) 

 

2.65 (s) 

 

4.90 (m) 

 

6.51 (d) 

 

7.29 (d) 

 

 

3.2 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 

-0.7 

 

2.6 

 

34.3 

 

39.8 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

113.9 

 

117.7 

 

131.9 

 

148.2 
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Table 31. NMR Spectroscopic Data for (Silylanilino)boranes 27-29 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

29 X = Y = BNMe2 NSiMe2H 

 

B(NMe2)2 

 

NCH3 

 

SiH 

 

NC6H4 

0.13 (d) 

 

2.86 (s) 

 

2.96 (s) 

 

4.87 (m) 

 

6.60 (d) 

 

7.31 (d) 

3.6 

 

 

 

 

 

 

 

 

 

8.8 

 

8.8 

 

 

-0.6 

 

34.8 

 

40.6 

 

 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.7 

 

114.0 

 

131.9 

 

148.3 
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Table 32. NMR Spectroscopic Data for (Silylanilino)boranes 30-32 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

30 X = Cl 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

N(CH3)2 

 

NC6H4 

0.17 (s) 

 

2.95 (s) 

 

6.62 (d) 

 

7.34 (d) 

 

 

 

 

9.2 

 

9.2 

 

 

2.7 

 

40.5 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.5 

 

114.1 

 

131.7 

 

149.5 

 

 

31 X = NMe2 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

BNMe2 

 

 

 

N(CH3)2 

 

NC6H4 

0.18 (s) 

 

2.82 (s) 

 

2.88 (s) 

 

2.98 (s) 

 

6.79 (d) 

 

7.27 (d) 

 

 

 

 

 

 

 

 

8.2 

 

8.2 

 

 

2.4 

 

39.2 

 

39.4 

 

40.6 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

112.7 

 

116.7 

 

129.1 

 

131.7 
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Table 32. NMR Spectroscopic Data for (Silylanilino)boranes 30-32 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

32 X = Y = BNMe2 B(NMe2)2 

 

N(CH3)2 

 

NC6H4 

2.98 (s) 

 

3.02 (s) 

 

6.65 (d) 

 

7.38 (d) 

 

 

 

 

9.2 

 

9.2 

 

 

33.8 

 

40.5 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.6 

 

114.1 

 

131.7 

 

149.5 
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Table 33.  Physical and Analytical Data for (Silylanilino)boranes 21-23 

 

 

*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

21 

44 132-136 (0.15) * 

(48.79) 

 

(9.10) 

 

22 

30 108-111(0.10) * 

(53.17) 

 

(10.26) 

 

23 

44 88-116 (0.15) 57.12 

(57.29) 

9.29 

(10.22) 
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Table 34.  Physical and Analytical Data for (Silylanilino)boranes 24-26 

 

 

*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

24 

38 86-98 (0.07) * 

(49.92) 

 

(8.90) 

 

25 

56 70-100 (2.0-1.5) * 

(54.93) 

 

(10.24) 

 

26 

41 70-92 (0.05) * 

(60.64) 

 

(10.18) 
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Table 35.  Physical and Analytical Data for (Silylanilino)boranes 27-29 

 

 

*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

27 

50 95-110 (0.9) * 

(48.57) 

 

(8.70) 

 

28 

36 58-61(0.04) * 

(53.79) 

 

(10.09) 

 

29 

45 110-135 (1.4) * 

(59.31) 

 

(9.95) 
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Table 36.  Physical and Analytical Data for (Silylanilino)boranes 30-32 

 

 

*Elemental analysis to be determined in on-going work. 

 

 

 

 

 

 

 

 

 

Compound % 

Yield 

bp, °C (mmHg) 

 

% C 

(calc) 

% H 

(calc) 

 

30 

40 70-94 (0.4) 51.43 

(51.54) 

8.86 

(8.57) 

 

31 

41 79-84 (0.03) * 

(57.29) 

 

(10.22) 

 

32 

26 78-86 (0.05) * 

(65.77) 

 

(10.12) 
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SECTION FOUR 

Synthesis of various Si-N derivatives 

 

 After the syntheses of numerous Ar-N-B and B-Ar-N compounds, using primarily 

Me3Si as the protecting group, we investigated efforts to explore the incorporation of other 

silyl moieties about nitrogen. We have begun this investigation at the silylaniline reagent 

level. Through modifications by metal-halogen exchange reactions, we have obtained a 

number of Si-N derivatives, i.e., compounds 33-44, that possess a silyl moiety of different 

functionality than the tradition Me3Si group. In preliminary studies, we have also 

investigated the potential of preparing selected B-N derivatives of some of these new Si-N 

reagents.  

 

4.1 Synthesis of Si-N derivatives from reagent B 

Starting with silylaniline reagent B, there are two classes of Si-N derivatives that have 

been prepared. One involves the incorporation of chlorinated silyl-moieties, while the second 

involves the addition of vinyl-containing silyl-moieties. The derivatives are separated in 

these two groupings for the following discussion.  

 

4.1.1 Synthesis of chlorinated silylanilines from reagent B 

Based upon a modified referenced procedure,109  the treatment of silylaniline reagent 

B with one equivalent of n-BuLi, followed by one equivalent of a chlorosilane, (SiMe2HCl, 

CH3SiCl3, (CH3)2SiCl2), afforded compounds 33-35 (eq 44). Each possesses a silyl-moiety of 

different functionality than Me3Si. These compounds were collected as pale yellow, 
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distillable liquids in good yields (44-71 %). All were characterized by 1H and 13C NMR 

spectroscopy (Table 37). 

 

 

(44) 

 

 

 

4.1.2 Synthesis of vinyl-containing silylanilines from reagent B 

 A similar procedure was utilized to prepare the vinyl-containing silylanilines from 

reagent B. When B was treated with one equivalent of n-BuLi and one equivalent of a vinyl-

chlorosilane (H2C=CHSiCl3, H2C=CHSi(CH3)2Cl, H2C=CHSi(CH3)Cl2), compounds 36-38 

were obtained in moderate to good yields (33-78 %) as pale yellow, distillable liquids (eq 

45). These compounds possess the vinyl functional group and have the possibility of 

synthetic utility for future work. All were characterized by 1H and 13C NMR spectroscopy 

(Table 38). 
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(45) 

 

 

 

4.2 Synthesis of Si-N derivatives from reagent G 

In chemistry similar to that of silylaniline reagent B, reagent G can undergo metal 

halogen exchange reactions to yield a variety of Si-N derivatives. The same chlorosilane 

substituents were utilized. The difference is while the derivatives from reagent B possess a 

bis(trimethylsilyl)amino moiety, the compounds prepared from reagent G have a mono-

methyl-mono-trimethysilyl substituent. By the incorporation of methyl on one side, and 

chlorine on the opposite of the aryl ring, we are interested to see if this design will assist in 

the elimination of Me3SiCl.  
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4.2.1 Synthesis of chlorinated silylanilines from reagent G 

The treatment of silylaniline reagent G with one equivalent of n-BuLi, followed by 

one equivalent of a chlorosilane, (SiMe2HCl, CH3SiCl3, (CH3)2SiCl2), afforded compounds 

39-41 (eq 46). Important to note is that that when attempts were made to purify compound 40 

via vacuum distillation, decomposition occurred, leading to the formation of yellow crystals 

along the walls of the condenser. For this reason, a yield was not obtained and the NMR data 

was collected from only a crude sample. Compounds 39 and 41 were collected as pale 

yellow, distillable liquids moderate yields (32-57 %). All were characterized by 1H and 13C 

NMR spectroscopy (Table 39). 

 

 

(46) 
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4.2.2 Synthesis of vinyl-containing silylanilines from reagent G 

A similar procedure was utilized to prepare the vinyl-containing silylanilines from 

reagent G. When G was reacted with one equivalent of n-BuLi and one equivalent of a vinyl-

chlorosilane (H2C=CHSiCl3, H2C=CHSi(CH3)2Cl, H2C=CHSi(CH3)Cl2), compounds  43-44 

were obtained in moderate yields (36-64 %) as pale yellow, distillable liquids (eq 47) . These 

compounds possess the vinyl functional group and have the possibility of synthetic utility for 

future work. Interestingly, when attempts were made to purify compound 42 via vacuum 

distillation, a clean distillation could not be achieved, similar to that with compound 40. The 

compound crystallized within the column, leading us to hypothesis that elimination did occur 

but the unknown product could not be properly identified by NMR. This result is something 

to investigate further in future work. Purified samples of compounds 43 and 44 were 

characterized by 1H and 13C NMR spectroscopy, while 1H NMR data was collected on only 

on a crude sample of compound 42 (Table 40). 
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(47) 

 

 

 

4.3 Synthesis of vinyl-substituted (silylanilino)boranes  

 

4.3.1 Synthesis of (silylanilino)borane from 37 

As demonstrated in previous sections, silylaniline reagents undergo Si-N bond 

cleavage when allowed to react with a chloroborane. To investigate the potential of this 

reaction with Si-N derivatives with a vinyl functionality, compound 37 was directly treated 

with chloroborane 1, (Me3Si)2NBCl2, to yield (silylanilino)borane 45 (eq 48). This borane 

was obtained as a pale yellow distillable liquid in good yield (51 %). Compound 45 was 

characterized by both 1H and 13C NMR spectroscopy (Table 41). 

 



142 

 

 

 

(48) 

 

 

4.3.2 Synthesis of (silylanilino)borane from 43 

Similarly, when compound 43 was directly treated with chloroborane 1, 

(Me3Si)2NBCl2,  (silylanilino)borane 46 (eq 49) was obtained. This borane was purified only 

in trace amounts via vacuum distillation. Although an accurate yield was not determined, 

compound 46 was characterized by both 1H and 13C NMR spectroscopy (Table 42). 

 

 

(49) 
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4.4 EXPERIMENTAL 

Materials and General Procedures. The following reagents were obtained from 

commercial sources and used without further purification: BrC6H4NH2, n-BuLi (2.5 M 

hexane solution), Me2SiHCl, CH3SiCl3, (CH3)2SiCl2, H2C=CHSiCl3, H2C=CHSi(CH3)2Cl, 

and H2C=CHSi(CH3)Cl2.  The chloroborane reagent, (Me3Si)2NBCl2, was prepared by 

referenced procedures.64 Proton and 13C{1H} NMR spectra were obtained on a Mercury 300 

or a Bruker-400 spectrometer, using CDCl3 as a lock solvent, with coupling constants (J) 

given in Hz. All reactions and manipulations were carried out under a nitrogen atmosphere 

and/or by using standard vacuum line techniques.  

 

Preparation of chlorinated silylaniline 33. A 1-L, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (600 mL) and silylaniline 

reagent B (26.0 g, - mmol). The flask was cooled to 0 °C and n-BuLi (36 mL, 99 mmol, 10% 

excess) was added dropwise. The mixture was allowed to warm to room temperature and 

stirred for ca. 2 hrs. The flask was then cooled to 0 °C and Me2SiClH (12 mL, 99 mmol, 

10 % excess) was added dropwise. The mixture was stirred at room temperature for ca. 4 hrs 

and was then allowed to warm to room temperature while stirring overnight. The next day, 

Et2O was removed and hexane (300 mL) was added to precipitate the salt. The reaction 

mixture was filtered, the solvent was removed from the filtrate under reduced pressure, and 

the product distilled as a pale orange liquid. Yield: 65 %. bp: 83-86 °C (0.14 mmHg).  1H 

NMR: δ 0.11 (s, N(SiMe3)2), 0.37 (d, NSiMe2H, JHH = 3.6), 4.46 (m, SiH), 6.92 (d, NC6H4, 
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JHH = 8.0), 7.40 (d, NC6H4, JHH = 8.0).  13C NMR: δ -3.6 (N(SiMe3)2), 2.2 (NSiMe2H), 116.7 

(NC6H4), 129.7 (NC6H4), 134.7 (NC6H4), 149.1 (NC6H4).  

 

Preparation of chlorinated silylaniline 34. A 250 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (150 mL) and silylaniline 

reagent B (6.3 g, 20 mmol). The flask was cooled to 0 °C and 

n-BuLi (9 mL, 22 mmol, 10 % excess) was added dropwise. The mixture was allowed to 

warm to room temperature and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and 

CH3SiCl2 (3 mL, 22 mmol, 10 % excess) was added dropwise. The mixture was stirred at -

78 °C for ca. 4 hrs and was then allowed to warm to room temperature while stirring 

overnight. The next day, Et2O was removed and hexane (75 mL) was added to precipitate the 

salt. The reaction mixture was filtered, the solvent was removed from the filtrate under 

reduced pressure, and the product distilled as a pale orange liquid. Yield: 44 %. bp: 63-94 °C 

(0.45 mmHg).  1H NMR: δ 0.16 (s, N(SiMe3)2), 1.08 (s, SiCH3), 7.06 (d, NC6H4, JHH = 8.4), 

7.65 (d, NC6H4, JHH = 8.4).  13C NMR: δ 2.2 (N(SiMe3)2), 5.9 (SiCH3), 119.6 (NC6H4), 132.3 

(NC6H4), 133.6 (NC6H4), 142.9 (NC6H4).  

 

Preparation of chlorinated silylaniline 35. A 500 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (300 mL) and silylaniline 

reagent B (12.7 g, 40 mmol). The flask was cooled to 0 °C and 
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n-BuLi (18 mL, 44 mmol, 10 % excess) was added dropwise. The mixture was allowed to 

warm to room temperature and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and 

(CH3)2SiCl2 (6 mL, 44 mmol, 10 % excess) was added dropwise. The mixture was stirred at -

78 °C for ca. 4 hrs and was then allowed to warm to room temperature while stirring 

overnight. The next day, Et2O was removed and hexane (150 mL) was added to precipitate 

the salt. The reaction mixture was filtered, the solvent was removed from the filtrate under 

reduced pressure, and the product distilled as a pale orange liquid. Yield: 71 %. bp: 80-86 °C 

(0.10 mmHg). 1H NMR: δ 0.15 (s, N(SiMe3)2), 0.41 (s, Si(CH3)2), 6.97 (d, NC6H4, JHH = 

8.2), 7.44 (d, NC6H4, JHH = 8.2).  13C NMR: δ -3.5 (N(SiMe3)2), 2.2 (Si(CH3)2), 115.8 

(NC6H4), 129.7 (NC6H4), 134.3 (NC6H4), 149.1 (NC6H4).   

 

Preparation of vinyl-containing silylaniline 36. A 500 mL, 3-

neck flask, equipped with a magnetic stir bar, N2 adapter and 

rubber septum, was charged with Et2O (150 mL) and silylaniline 

reagent B (4.7 g, 15 mmol). The flask was cooled to 0 °C and n-BuLi (7 mL, 16.5 mmol, 

10 % excess) was added dropwise. The mixture was allowed to warm to room temperature 

and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and H2C=CHSiCl3 (3 mL, 16.5 

mmol, 10 % excess) was added dropwise. The mixture was stirred at -78 °C for ca. 4 hrs and 

was then allowed to warm to room temperature while stirring overnight. The next day, Et2O 

was removed and hexane (300 mL) was added to precipitate the salt. The reaction mixture 

was filtered, the solvent was removed from the filtrate under reduced pressure, and the 

product distilled as a pale orange liquid. Yield: 33 %. bp: 56-90 °C (0.01 mmHg). 1H NMR: 

δ 0.14 (s, N(SiMe3)2), 5.99 (m, SiCH=CH2), 6.20 (m, SiCH=CH2), 6.37 (m, SiCH=CH2), 
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7.04 (d, NC6H4, JHH = 8.4), 7.63 (d, NC6H4, JHH = 8.4).  13C NMR: δ 2.2 (N(SiMe3)2), 130.0 

(SiCH=CH2), 138.2 (SiCH=CH2), 117.8 (NC6H4), 132.3 (NC6H4), 134.3 (NC6H4), 152.4 

(NC6H4). 

 

Preparation of vinyl-containing silylaniline 37. A 500 mL, 3-

neck flask, equipped with a magnetic stir bar, N2 adapter and 

rubber septum, was charged with Et2O (150 mL) and silylaniline 

reagent B (15.8 g, 50 mmol). The flask was cooled to 0 °C and n-BuLi (24 mL, 55 mmol, 

10 % excess) was added dropwise. The mixture was allowed to warm to room temperature 

and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and H2C=CHSi(CH3)2Cl (9 mL, 

55 mmol, 10 % excess) was added dropwise. The mixture was stirred at -78 °C for ca. 4 hrs 

and was then allowed to warm to room temperature while stirring overnight. The next day, 

Et2O was removed and hexane (100 mL) was added to precipitate the salt. The reaction 

mixture was filtered, the solvent was removed from the filtrate under reduced pressure, and 

the product distilled as a pale orange liquid. Yield: 78 %. bp: 70-110 °C (0.40 mmHg). 1H 

NMR: δ 0.12 (s, N(SiMe3)2), 0.39 (s, Si(CH3)2), 5.77 (m, SiCH=CH2), 6.10 (m, SiCH=CH2), 

6.33 (m, SiCH=CH2), 6.82 (d, NC6H4, JHH = 8.6), 7.37 (d, NC6H4, JHH = 8.6). 13C NMR: δ -

2.7 (N(SiMe3)2), 2.1 (Si(CH3)2), 129.6 (SiCH=CH2), 138.6 (SiCH=CH2), 131.6 (NC6H4), 

134.1 (NC6H4), 116.9 (NC6H4), 148.9 (NC6H4).  

 

Preparation of vinyl-containing silylaniline 38. A 500 mL, 3-

neck flask, equipped with a magnetic stir bar, N2 adapter and 
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rubber septum, was charged with Et2O (150 mL) and silylaniline reagent B (6.3 g, 20 mmol). 

The flask was cooled to 0 °C and n-BuLi (9 mL, 22 mmol, 10 % excess) was added 

dropwise. The mixture was allowed to warm to room temperature and stirred for ca. 2 hrs. 

The flask was then cooled to -78 °C and H2C=CHSi(CH3)Cl2 (9 mL, 22 mmol, 10 % excess) 

was added dropwise. The mixture was stirred at -78 °C for ca. 4 hrs and was then allowed to 

warm to room temperature while stirring overnight. The next day, Et2O was removed and 

hexane (100 mL) was added to precipitate the salt. The reaction mixture was filtered, the 

solvent was removed from the filtrate under reduced pressure, and the product distilled as a 

pale orange liquid. Yield: 52 %. bp: 60-105 °C (2.0 mmHg). 1H NMR: δ 0.12 (s, N(SiMe3)2), 

0.78 (s, SiCH3), 6.0 (m, SiCH=CH2), 6.24 (m, SiCH=CH2), 6.34 (m, SiCH=CH2), 6.99 (d, 

NC6H4, JHH = 8.4), 7.51 (d, NC6H4, JHH = 8.4).  13C NMR: -0.8 (N(SiMe3)2), 2.2 (SiCH3), 

128.5 (SiCH=CH2), 135.6 (SiCH=CH2), 129.9 (NC6H4), 133.6 (NC6H4), 134.9 (NC6H4), 

150.8 (NC6H4). 

 

Preparation of chlorinated silylaniline 39. A 1-L, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (600 mL) and silylaniline 

reagent G (10.3 g, 40 mmol). The flask was cooled to 0 °C and n-BuLi (18 mL, 44 mmol, 

10 % excess) was added dropwise. The mixture was allowed to warm to room temperature 

and stirred for ca. 2 hrs. The flask was then cooled to 0 °C and Me2SiClH (5 mL, 44 mmol, 

10 % excess) was added dropwise. The mixture was stirred at room temperature for ca. 4 hrs 

and was then allowed to warm to room temperature while stirring overnight. The next day, 

Et2O was removed and hexane (200 mL) was added to precipitate the salt. The reaction 
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mixture was filtered, the filtrate was removed under reduced pressure, and the product 

distilled as a yellow liquid. Yield: 57 %. bp: 55-74 °C (0.04). 1H NMR: δ 0.36 (s, 

N(SiMe3)2), 0.42 (d, ArSiMe2H), JHH = 3.2), 2.94 (s, NCH3), 4.91 (m, SiH), 6.85 (d, NC6H4, 

JHH = 9.0), 7.39 (d, NC6H4, JHH = 9.0).  13C NMR: δ -1.9 (N(SiMe3)2), 0.7 (ArSiMe2H), 34.5 

(NCH3), 114.0 (NC6H4), 117.4 (NC6H4), 131.6 (NC6H4), 149.6 (NC6H4). 

 

Preparation of chlorinated silylaniline 40. A 250 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (200 mL) and silylaniline 

reagent G (5.2 g, 20 mmol). The flask was cooled to 0 °C and n-

BuLi (9 mL, 22 mmol, 10 % excess) was added dropwise. The mixture was allowed to warm 

to room temperature and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and 

CH3SiCl2 (3 mL, 22 mmol, 10 % excess) was added dropwise. The mixture was stirred at -

78 °C for ca. 4 hrs and was then allowed to warm to room temperature while stirring 

overnight. The next day, Et2O was removed and hexane (100 mL) was added to precipitate 

the salt. The reaction mixture was filtered, the solvent was removed from the filtrate under 

reduced pressure. Multiple attempts to distill occurred but product crystallized on walls of 

condenser. 1H NMR: δ 0.26 (s, NSiMe3), 1.05 (s, SiCH3), 2.89 (s, NCH3), 6.68 (d, NC6H4, 

JHH = 8.6), 7.58 (d, NC6H4, JHH = 8.6).  13C NMR: δ 1.4 (NSiMe3), 5.8 (SiCH3), 31.7 (NCH3), 

111.9 (NC6H4), 132.0 (NC6H4), 134.6 (NC6H4), 151.9 (NC6H4). 
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Preparation of chlorinated silylaniline 41. A 250 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (200 mL) and silylaniline reagent 

G (5.2 g, 20 mmol). The flask was cooled to 0 °C and n-BuLi (9 

mL, 22 mmol, 10 % excess) was added dropwise. The mixture was allowed to warm to room 

temperature and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and (CH3)SiCl2 (3 

mL, 22 mmol, 10 % excess) was added dropwise. The mixture was stirred at -78 °C for ca. 4 

hrs and was then allowed to warm to room temperature while stirring overnight. The next 

day, Et2O was removed and hexane (100 mL) was added to precipitate the salt. The reaction 

mixture was filtered, the solvent was removed from the filtrate under reduced pressure and 

the product distilled as a yellow liquid. Yield: 32 %. bp: 118-136 (1.6 mmHg). 1H NMR: δ 

0.19 (s, NSiMe3), 0.31 (s, Si(CH3)2), 2.82 (NCH3), 6.51 (d, NC6H4, JHH = 8.8), 7.30 (d, 

NC6H4, JHH = 8.8). 13C NMR: 1.7 (NSiMe3), 4.4 (Si(CH3)2), 30.7 (NCH3), 108.7 (NC6H4), 

114.0 (NC6H4), 131.9 (NC6H4), 148.3 (NC6H4). 

 

Preparation of vinyl-containing silylaniline 42. A 500 mL, 3-

neck flask, equipped with a magnetic stir bar, N2 adapter and 

rubber septum, was charged with Et2O (150 mL) and silylaniline 

reagent G (7.8 g, 30 mmol). The flask was cooled to 0 °C and n-BuLi (14 mL, 33 mmol, 

10 % excess) was added dropwise. The mixture was allowed to warm to room temperature 

and stirred for ca. 2 hrs. The flask was then cooled to -78 °C and H2C=CHSiCl3 (5 mL, 33 

mmol, 10 % excess) was added dropwise. The mixture was stirred at -78°C for ca. 4 hrs and 

was then allowed to warm to room temperature while stirring overnight. The next day, Et2O 
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was removed and hexane (100 mL) was added to precipitate the salt. The reaction mixture 

was filtered, the solvent was removed from the filtrate under reduced pressure. Multiple 

attempts to purify by distillation occurred, however, the product crystalized on the wall of the 

condenser. 1H NMR: δ 0.49 (s, NSiMe3), 2.90 (s, NCH3), 6.19 (m, SiCH=CH2), 6.26 (m, 

SiCH=CH2), 6.32 (SiCH=CH2), 6.68 (d, NC6H4, JHH = 8.6), 7.56 (d, NC6H4, JHH = 8.6). 

 

Preparation of vinyl-containing silylaniline 43. A 500 mL, 3-

neck flask, equipped with a magnetic stir bar, N2 adapter and 

rubber septum, was charged with Et2O (150 mL) and silylaniline 

reagent G (5.2 g, 20 mmol). The flask was cooled to 0 °C and n-BuLi (9 mL, 22 mmol, 10 % 

excess) was added dropwise. The mixture was allowed to warm to room temperature and 

stirred for ca. 2 hrs. The flask was then cooled to -78 °C and H2C=CHSi(CH3)2Cl (3 mL, 22 

mmol, 10 % excess) was added dropwise. The mixture was stirred at -78 °C for ca. 4 hrs and 

was then allowed to warm to room temperature while stirring overnight. The next day, Et2O 

was removed and hexane (100 mL) was added to precipitate the salt. The reaction mixture 

was filtered, the solvent was removed from the filtrate under reduced pressure, and the 

product distilled as a pale orange liquid. Yield: 64 %. bp: 80-86 °C (0.30 mmHg). 1H NMR: 

δ 0.30 (s, NSiMe3), 0.44 (s, Si(CH3)2), 2.93 (s, NCH3), 5.94 (m, SiCH=CH2), 6.15 (m, 

SiCH=CH2), 6.32 (m, SiCH=CH2), 6.73 (d, NC6H4, JHH = 8.4), 7.48 (d, NC6H4, JHH = 8.4). 

13C NMR: δ -0.9 (NSiMe3), 30.8 (Si(CH3)2), 35.3 (NCH3), 129.0 (SiCH=CH2), 138.7 

(SiCH=CH2), 112.5 (NC6H4), 128.2 (NC6H4), 132.7 (NC6H4), 150.2 (NC6H4). 
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Preparation of vinyl-containing silylaniline 44. A 500 mL, 3-

neck flask, equipped with a magnetic stir bar, N2 adapter and 

rubber septum, was charged with Et2O (200 mL) and silylaniline 

reagent G (5.2 g, 20 mmol). The flask was cooled to 0 °C and n-BuLi (9 mL, 22 mmol, 10 % 

excess) was added dropwise. The mixture was allowed to warm to room temperature and 

stirred for ca. 2 hrs. The flask was then cooled to -78 °C and H2C=CHSi(CH3)Cl2 (3 mL, 22 

mmol, 10 % excess) was added dropwise. The mixture was stirred at -78 °C for ca. 4 hrs and 

was then allowed to warm to room temperature while stirring overnight. The next day, Et2O 

was removed and hexane (100 mL) was added to precipitate the salt. The reaction mixture 

was filtered, the solvent was removed from the filtrate under reduced pressure, and the 

product distilled as a pale orange liquid. Yield: 36 %. bp: 84-89 °C (0.20). 1H NMR: δ 0.50 

(s, NSiMe3), 0.77 (s, SiCH3), 2.84 (NCH3), 6.04 (m, SiCH=CH2), 6.25 (m, SiCH=CH2), 6.35 

(m, SiCH=CH2), 6.52 (d, NC6H4, JHH = 9.0), 7.31 (d, NC6H4, JHH = 9.0). 13C NMR: δ -2.5 

(NSiMe3), 3.4 (SiCH3), 30.7 (NCH3), 129.3 (SiCH=CH2), 135.2 (SiCH=CH2), 112.5 

(NC6H4), 117.3 (NC6H4), 129.3 (NC6H4), 148.4 (NC6H4).  

 

Preparation of (silylanilino)borane 45. A 500 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (200 mL) and vinyl-containing 

silylaniline 38 (4.8 g, 15 mmol). The flask was then cooled to -

78 °C and chloroborane 1 (4.4 g, 16.5 mmol, 10 % excess) was added dropwise. The mixture 

was stirred at -78 °C for ca. 4 hrs and was then allowed to warm to room temperature while 

stirring overnight. The next day, Et2O was removed and the product distilled as a pale yellow 
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liquid. Yield: 51 %. bp: 70-136 °C (0.45 mmHg). 1H NMR: δ 0.11 (s, N(SiMe3)2), 0.25 (s, 

NSiMe3), 0.49 (s, Si(CH3)2), 5.78 (m, SiCH=CH2), 6.01 (m, SiCH=CH2), 6.18 (m, 

SiCH=CH2), 6.83 (d, NC6H4, JHH = 8.6), 7.35 (d, NC6H4, JHH = 8.6). 13C NMR: δ 2.1 

(N(SiMe3)2), 3.1 (NSiMe3), 3.3 (Si(CH3)2), 131.8 (SiCH=CH2), 140.1 (SiCH=CH2), 129.6 

(NC6H4), 134.7 (NC6H4), 116.9 (NC6H4), 147.0 (NC6H4).  

 

Preparation of (silylanilino)borane 46. A 500 mL, 3-neck 

flask, equipped with a magnetic stir bar, N2 adapter and rubber 

septum, was charged with Et2O (150 mL) and vinyl-containing 

silylaniline 43 (2.6 g, 10 mmol). The flask was then cooled to -

78 °C and chloroborane 1 (3.0 g, 11 mmol, 10 % excess) was added dropwise. The mixture 

was stirred at -78 °C for ca. 4 hrs and was then allowed to warm to room temperature while 

stirring overnight. The next day, Et2O was removed and the product distilled as a pale yellow 

liquid. Yield: 6 %. bp: 68-84 °C (0.02 mmHg). 1H NMR: δ 0.25 (s, N(SiMe3)2), 0.43 (s, 

N(CH3)2), 2.90 (s, NCH3), 5.85 (m, SiCH=CH2), 6.13 (m, SiCH=CH2), 6.34 (m, SiCH=CH2), 

6.70 (d, NC6H4, JHH = 8.2), 7.34 (d, NC6H4, JHH = 8.2). 13C NMR: δ -2.5 (N(SiMe3)2), 2.9 

(N(CH3)2), 30.8 (NCH3), 131.9 (SiCH=CH2), 135.1 (SiCH=CH2), 108.8 (NC6H4), 112.5 

(NC6H4), 129.3 (NC6H4), 149.4 (NC6H4). 
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Table 37. NMR Spectroscopic Data for Chlorinated Silylanilines 33-35 

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

33 R = H 

 

X = Y = CH3 

 

N(SiMe3)2 

 

ArSiMe2 

 

SiH 

 

NC6H4 

0.11 (s) 

 

0.37 (d) 

 

4.46 (m) 

 

6.92 (d) 

 

7.40 (d) 

 

 

3.6 

 

 

 

8.0 

 

8.0 

 

 
 

-3.6 

 

2.2 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

116.7 

 

129.7 

 

134.7 

 

149.1 

 

 

34 R = CH3 

 

X = Y = Cl 

 

N(SiMe3)2 

 

SiCH3 

 

NC6H4 

0.16 (s) 

 

1.08 (s) 

 

7.06 (d) 

 

7.65 (d) 

 

 

 

 

 

8.4 

 

8.4 

 

 

2.2 

 

5.9 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

119.6 

 

132.3 

 

133.6 

 

142.9 
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Table 37. NMR Spectroscopic Data for Chlorinated Silylanilines 33-35 (continued) 

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

35 R = Cl 

 

X = Y = CH3 

 

N(SiMe3)2 

 

Si(CH3)2 

 

NC6H4 

0.15 (s) 

 

0.41 (s) 

 

6.97 (d) 

 

7.44 (d) 

 

 

 

 

 

8.2 

 

8.2 

 

 

-3.5 

 

2.2 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

115.8 

 

129.7 

 

134.3 

 

149.1 
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Table 38. NMR Spectroscopic Data for vinyl-containing silylanilines 36-38  

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

36 X = Y = Cl 

 

N(SiMe3)2 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.14 (s) 

 

5.99 (m) 

 

6.20 (m) 

 

6.37 (m) 

 

7.04 (d) 

 

7.63 (d) 

 

 

 

 

 

 

 

 

8.4 

 

8.4 

 

 

2.2 

 

130.0 

 

138.2 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

117.8 

 

132.3 

 

134.3 

 

152.4 
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Table 38. NMR Spectroscopic Data for vinyl-containing silylanilines 36-38  (continued)  

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

37 X = Y = CH3 

 

N(SiMe3)2 

 

Si(CH3)2 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.12 (s) 

 

0.39 (s) 

 

5.77 (m) 

 

6.10 (m) 

 

6.33 (m) 

 

6.82 (d) 

 

7.37 (d) 

 

 

 

 

 

 

 

 

 

 

8.6 

 

8.6 

 

 

-2.7 

 

2.1 

 

129.6 

 

138.6 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

131.6 

 

134.1 

 

116.9 

 

148.9 
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Table 38. NMR Spectroscopic Data for vinyl-containing silylanilines 36-38 (continued) 

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

 38 X = CH3 

 

Y = Cl 

 

N(SiMe3)2 

 

SiCH3 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.12 (s) 

 

0.78 (s) 

 

6.00 (m) 

 

6.24 (m) 

 

6.34 (m) 

 

6.99 (d) 

 

7.51 (d) 

 

 

 

 

 

 

 

 

 

 

8.4 

 

8.4 

 

 

-0.8 

 

2.2 

 

128.5 

 

135.6 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

129.9 

 

133.6 

 

134.9 

 

150.8 
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Table 39. NMR Spectroscopic Data for chlorinated silylanilines 39-41  

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

39 R = H 

 

X = Y = CH3 

 

N(SiMe3)2 

 

ArSiMe2 

 

NCH3 

 

SiH 

 

NC6H4 

0.36 (s) 

 

0.42 (d) 

 

2.94 (s) 

 

4.91 (m) 

 

7.01 (d) 

 

7.50 (d) 

 

 

3.2 

 

 

 

 

 

8.4 

 

8.4 

 

 
 

-1.9 

 

0.7 

 

34.5 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

114.0 

 

117.4 

 

131.6 

 

149.6 

 

 

40 R = CH3 

 

X = Y = Cl 

 

NSiMe3 

 

SiCH3 

 

NCH3 

 

NC6H4 

0.26 (s) 

 

1.05 (s) 

 

2.89 (s) 

 

6.68 (d) 

 

7.58 (d)  

 

 

 

 

 

 

8.6 

 

8.6 

 

 

1.4 

 

5.8 

 

31.7 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

111.9 

 

132.0 

 

134.6 

 

151.9 
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Table 39. NMR Spectroscopic Data for chlorinated silylanilines 39-41 (continued) 

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

41 R = Cl 

 

X = Y = CH3 

 

NSiMe3 

 

Si(CH3)2 

 

NCH3 

 

NC6H4 

0.19 (s) 

 

0.31 (s) 

 

2.82 (s) 

 

6.51 (d) 

 

7.30 (d) 

 

 

 

 

 

 

8.8 

 

8.8 

 

 
 

 

 

1.7 

 

4.4 

 

30.7 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.7 

 

114.0 

 

131.9 

 

148.3 
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Table 40. NMR Spectroscopic Data for vinyl-containing silylanilines 42-44  

 

 

  

1H NMR 

Compound Signal δ JHH, Hz 

42 X = Y = Cl 

 

NSiMe3 

 

NCH3 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.49 (s) 

 

2.90 (s) 

 

6.19 (m) 

 

6.26 (m) 

 

6.32 (m) 

 

6.68 (d) 

 

7.56 (d) 

 

 

 

 

 

 

 

8.6 

 

8.6 
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Table 40. NMR Spectroscopic Data for vinyl-containing silylanilines 42-44 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

43 X = Y = CH3 

 

NSiMe3 

 

Si(CH3)2 

 

NCH3 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.30 (s) 

 

0.44 (s) 

 

2.93 (s) 

 

5.94 (m) 

 

6.15 (m) 

 

6.32 (m) 

 

6.73 (d) 

 

7.48 (d) 

 

 

 

 

 

 

 

 

 

 

 

 

8.4 

 

8.4 

 

 

-0.9 

 

0.9 

 

30.81 

 

129.0 

 

138.7 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

112.5 

 

128.2 

 

132.7 

 

150.2 
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Table 40. NMR Spectroscopic Data for vinyl-containing silylanilines 42-44 (continued) 

 

 

  

1H NMR 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

44 X = CH3 

 

Y = Cl 

 

NSiMe3 

 

SiCH3 

 

NCH3 

 

SiCH=CH2 

 

 

 

 

 

NC6H4  

0.50 (s) 

 

0.77 (s) 

 

2.84 (s) 

 

6.04 (s) 

 

6.25 (s) 

 

6.35 (s) 

 

6.52 (d) 

 

7.31 (d) 

 

 

 

 

 

 

 

 

 

 

 

 

9.0 

 

9.0 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

-2.5 

 

3.4 

 

30.7 

 

129.3 

 

135.2 

 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

112.5 

 

117.3 

 

129.3 

 

148.4 
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Table 41. NMR Spectroscopic Data for (silylanilino)borane 45 

 

 

  

 

 

1H NMR 

 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

45 X = Cl 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

NSiMe3 

 

Si(CH3)2 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.11 (s) 

 

0.25 (s) 

 

0.49 (s) 

 

5.78 (m) 

 

6.01 (m) 

 

6.18 (m) 

 

6.83 (d) 

 

7.35 (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.6 

 

8.6 

 

 

2.1 

 

3.1 

 

3.3 

 

131.8 

 

140.1 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

129.6 

 

134.7 

 

116.9 

 

147.0 
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Table 42. NMR Spectroscopic Data for (silylanilino)borane 46 

 

 

  

 

1H NMR 

 

 

13C NMR 

Compound Signal δ JHH, Hz δ 

  46 X = Cl 

 

Y = N(SiMe3)2 

 

N(SiMe3)2 

 

Si(CH3)2 

 

NCH3 

 

SiCH=CH2 

 

 

 

 

 

NC6H4 

0.26 (s) 

 

0.43 (s) 

 

2.90 (s) 

 

5.85 (m) 

 

6.13 (m) 

 

6.34 (m) 

 

6.70 (d) 

 

7.34 (d) 

 

 

 

 

 

 

 

 

 

 

8.2 

 

8.2 

 

 
 

 

 

 

 

-2.5 

 

2.9 

 

30.8 

 

131.9 

 

135.1 

 

 

 

 

 

 

 

C1 

 

C2,6 

 

C3,5 

 

C4 

 

108.8 

 

112.5 

 

129.3 

 

149.4 
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Table 43. Preparative and Analytical Data for silylanilines 33-35  

Compound Yield, % bp, °C (mmHg) % C (calc) % H 

(calc) 

 

33 

65 83-86 (0.14) * 

(56.88) 

 

(9.89) 

 

34 

45 63-94 (0.45) * 

(44.55) 

 

(7.19) 

 

35 

71 80-86 (0.1) * 

(50.94) 

 

(8.55) 

 

 

 
*Elemental analysis to be determined in on-going work. 
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Table 44. Preparative and Analytical Data for silylanilines 37-39 

Compound Yield, % bp, °C (mmHg) % C (calc) % H 

(calc) 

 

36 

33 56-90 (0.01) * 

(46.39) 

 

(6.95) 

 

37 

78 70-110 (0.45) * 

(59.74) 

 

(9.71) 

 

38 

52 60-105 (2.0) * 

(52.66) 

 

(8.25) 

 

 

*Elemental analysis to be determined in on-going work. 
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Table 45. Preparative and Analytical Data for silylanilines 41-43 

Compound Yield, % bp, °C (mmHg) % C 

(calc) 

% H 

(calc) 

 

39 

57 55-74 (0.04) * 

(60.69) 

 

(9.76) 

 

40 

-- -- * 

(45.19) 

 

(6.55) 

 

41 

32 118-136 (1.6) * 

(53.00) 

 

(8.15) 

 

 

 

*Elemental analysis to be determined in on-going work. 
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Table 46. Preparative and Analytical Data for silylanilines 42-44 

Compound Yield, % bp, °C (mmHg) % C 

(calc) 

% H 

(calc) 

 

42 

-- -- * 

(47.36) 

 

(6.29) 

 

43 

64 80-86 (0.30) * 

(63.81) 

 

(9.56) 

 

44 

36 84-89 (0.20) * 

(54.99) 

 

(7.81) 

 

 

*Elemental analysis to be determined in on-going work. 
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Table 47. Preparative and Analytical Data for boranes 45 and 46 

Compound Yield, % bp, °C (mmHg) % C 

(calc) 

% H 

(calc) 

 

45 

51 70-136 (0.45) * 

(50.14) 

 

(8.86) 

 

 

46 

6 68-84 °C (0.02) * 

(51.43) 

 

(8.63) 

 

 

 

 

*Elemental analysis to be determined in on-going work. 
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CONCLUDING REMARKS 

 

This work demonstrates that a significant series of the title compounds are accessible 

by varied synthetic routes. Starting with 4-bromoaniline, we have prepared a range of starting 

mono-, di- and tri-silylated compounds (i.e., silylaniline reagents A to H), and one methyl 

substituted aniline (i.e., silylaniline reagent I). From these derivatives, in addition to 

chloroboranes prepared according to referenced literature procedures, we have prepared a 

small library of compounds that possess the aryl moiety as a potential spacer group.  

In the Ar-N-B type, a variety of derivatives were prepared (i.e., (silylanilino)boranes 

1-20). In the substitution reaction of 4-bromoaniline leading to the Ar-N-B-N-Ar derivative 

(i.e. compound 19), we observed an unexpected bonding arrangement. Although attempts to 

substitute at the N-H sites proved unsuccessful, it is worth noting that compound 19 showed 

a twisted confirmation due to steric bulkiness. The thermolysis of compound 1 to the four-

membered ring dimer (i.e. compound 20) showed the potential of condensation reactions and 

elimination of Me3SiCl. Interestingly though, this product did not contain the aryl group in 

the backbone. If increased yields of this dimer can be reached, there is potential to link these 

4-Br-aryl rings together through aromatic coupling reactions in the formation of a linear 

polymer system in impending future studies.  

The observance of compound 20 inspired the design of (silylanilino)boranes with the 

arrangement of B-Ar-N, as a means to incorporate the Ar-moiety in the B-N bond at the 

small molecule level. This led to the preparation of numerous derivatives (i.e., 

(silylanilino)boranes 21-32). To date, derivatives of this type have not shown signs of 

condensation. However, future efforts could be made through the use of temperatures higher 

than 200 °C. 
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Lastly, a new series of silylanilines with varied 4-aryl silyl moieties were obtained, 

(i.e, compounds 33-44). Based on preliminary results, a representative (silylanilino)borane of 

the bis-trimethysilyl type was prepared (i.e, (silylanilino)borane 45), and another 

representative (silylanilino)borane of the trimethylsilyl-methyl type was prepared (i.e., 

(silylanilino)borane 46). These two boranes were obtained through Si-N bond cleavage, 

showing that the amount of boranes with various 4-aryl silyl moieties could be extended by 

use of other chloroboranes and similar procedures. In the distillation of compounds 40 and 

44, decomposition occurred, leading to crystal formation. We believe that this could be due 

to elimination of Me3SiCl occurring as a result of heating, yielding an oligomeric Si-Ar-N 

material. This product and similar analogs are certainly merit further investigation.  
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ABSTRACT 

 

SYNTHESIS AND CHARACTERIZATION OF 4-ARYL SUBSTITUTED 

SILICON-NITROGEN-BORON AND SILICON-NITROGEN SYSTEMS 

 

by Kyralyssa Hauger, Ph.D., 2016 

Department of Chemistry and Biochemistry 

Texas Christian University 

 

Dissertation Advisor: Robert H. Neilson, Professor 

 

 

The Neilson group has developed a broad spectrum of derivative chemistry 

originating from the study of boron compounds containing silicon-nitrogen functional 

groups. Some of our current research interests have focused on investigating compounds 

containing Si-N moieties attached to a 4-substituted aryl (Ar) functionality to afford 

silylanilino derivatives. Due to the variety of reactions that can occur at the boron center, 

combined with the reactivity of the Si-N bond, some of these compounds have the potential 

to be precursors to new cyclic and/or polymeric systems, for example poly(phenylene-

borazenes), i.e. new inorganic-organic hybrid polymers in which the borazene (-BR-NR’-) 

and arylene (-C6H4-) units alternate along the backbone.  

The work to be presented focuses on the synthesis, characterization and reactivity of 

some representative examples of 4-aryl substituted (silylanilino)boranes. To be discussed are 

two classes of title compounds of type I, (silylanilino)boranes with the Ar-N-B backbone, 

and type II, (silylanilino)boranes with the B-Ar-N backbone. 

 

 



With the syntheses of various Ar-N-B and B-Ar-N compounds primarily utilizing 

trimethylsilyl as the protecting group, we have recently begun efforts to explore the 

incorporation of other silyl moieties about N. These investigations have begun at the 

silylaniline reagent level. Through modifications by metal-halogen exchange reactions, we 

have prepared a number of Si-N derivatives that possess a silyl moiety of different 

functionality than the tradition trimethylsilyl group, entitled type III of the title compounds.  
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