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1. Introduction 

Amine-borane complexes have great potential for use as a key component in hydrogen 
storage fuels due to their stability and the high gravimetric content of hydrogen in these 
compounds. For example, the simplest complex, ammonia-borane (H3NBH3), contains 
19.5 wt% H, which is higher than the wt% H in LiBH4. The 2015 DOE goal is to develop 
and achieve an on-board hydrogen storage system with at least 9 wt% H. Thus, it 
appears that an amine-borane-based system has reasonable potential to meet this goal. 
However, many issues need to be addressed. 

Technical and economic issues related to the possible use of ammonia-borane (AB) for 
the generation of hydrogen for fuel cell applications were evaluated in prior DOE funded 
reports.1, 2 Regardless of the issues, the potential use of AB for hydrogen storage in 
automobiles has even reached the popular scientific press.3, 4 Also, AB is being 
investigated as a hydrogen storage material for portable fuel cell powered devices.5, 6 
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Safety may also be an issue. Diborane is an obvious precursor for AB, but B2H6 is 
pyrophoric and toxic.7 The amine adducts of borane have increased stability and reduced 
reactivity in comparison to B2H6, which means the safety concerns may be less than those 
for B2H6. However, the safety of amine-borane complexes must be examined and will be 
addressed in this survey. 

A number of reviews have appeared covering the chemistry of amine-borane adducts.8-10 

Also, an older survey of synthetic procedures for almost all known boron-nitrogen 
compounds (except for boron nitrides) is available.11 The present survey will overlap the 
earlier reviews as necessary to give a complete picture of the chemistry of AB and related 
N-B-H containing materials. If a B-N compound does not contain B-H, then it is omitted 
from this survey. A few references to the synthesis of boron nitride from AB are included, 
but full coverage of the various routes to BN can be found elsewhere.12 Iminoboranes of 
the type R-B≡N-R’ can be converted to N-B-H compounds, but this chemistry is not 
included since a survey of these R-BN-R’ compounds is available.13 

The amine-cyanoboranes and amine-carboxyboranes are not covered in this survey since 
the main interest in these compounds appears to be related to the physiological activity of 
various derived boronated biomolecules. A recent theoretical study of the role of a B-N 
dative bond in the biochemical activity of these boronated biomolecules provides a listing 
of these B-N compounds and their physiological activity.14 

Finally, it is interesting to note that the reviews of boron and its commercial uses by the 
US Geological Survey seldom mention any B-N or B-H compounds.15-17 B-O compounds 
completely dominate the current commercial uses and applications of boron chemistry. 

2. Safety Aspects 

Before discussing the stability and reactivity (safety aspects) of amine-borane adducts, it 
is important to consider how the compounds are prepared. The direct reaction of 
ammonia with diborane does not give a Lewis acid-base complex. Instead an 
unsymmetrical cleavage occurs. This is in contrast to the direct reaction of trimethylamine 
with diborane, which gives the expected Lewis acid-base complex. When ammonia is 
added to a tetrahydrofuran (THF) solution of borane-THF, the result is a 50/50 mixture of 
the products from symmetrical and unsymmetrical cleavage. These reactions are 
illustrated in equations 1-3. 

2NH3 + B2H6 → [(NH3)2BH2] 
+ [BH4] 

– 
(1) 

the diammoniate of diborane 

2(CH3)3N + B2H6 → 2(CH3)3N−BH3 (2) 
trimethylamine-borane 

3THF−BH3 + 3NH3 → [(NH3)2BH2] 
+ [BH4] 

– 
+ 	 NH3−BH3 + 3THF (3) 

ammonia-borane 

Sheldon Shore extensively studied the above chemistry of diborane and ammonia and a 
scientific biography of this work covers all the details with references to the original 
literature.18 
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As can be expected, the properties and stability of AB and the diammoniate of diborane 
are quite different. At ambient temperatures the diammoniate slowly undergoes 
decomposition with evolution of hydrogen resulting in pressure build-up in storage 
vessels.19 The recommendation is to store the compound at -78 oC.19 It is possible to 
prepare AB from the diammoniate and this is reported to give a material that is somewhat 
unstable at room temperature.20 However, when AB is prepared from (CH3)2S−BH3 and 
ammonia and is recrystallized from diethyl ether to remove the diammoniate by-product, 
then the produced high-purity crystalline AB is found to be stable for 5 days at 70 oC.21 

Another investigator also found that high purity AB with a sharp melting point did not show 
any sign of decomposition (no pressure build-up) over a 2 month period at room 
temperature and could be sublimed at temperatures up to almost 100 oC under high 
vacuum with no decomposition.22 This same high purity AB did not undergo any 
detectable conversion to [(NH3)2BH2] [BH4] when held at 50 oC for 13 days.23 Finally, 
when AB of good apparent purity was prepared by the reaction between NaBH4 and an 
ammonium salt, the solid AB appeared to be stable indefinitely at room temperature.24 A 
THF solution of this AB slowly decomposed upon standing with precipitation of an 
unidentified white solid.24 

It appears that high purity AB can be safely stored in a closed vessel at room temperature, 
but mixtures or solutions need to be vented until the absence of pressure build-up is 
assured. 

The decomposition of AB at high temperatures with hydrogen evolution is well 
documented and is reported to become vigorous at near 120 oC.25 If this thermal 
decomposition is run in air with oxygen present, then an interesting light emission is 
observed at 180-190 oC, which is thought to be the result of an oxidation reaction of a 
decomposition product.26 Obviously, it seems prudent to use inert atmosphere techniques 
when doing any work that involves hydrogen generation or active boron hydride formation. 
It is a good idea to always store AB under an inert atmosphere since a mass spec study of 
the vapor above solid AB showed the presence of diborane.27 

Two fires recently occurred during the handling of AB.28, 29 In January 2005 a sample of 
AB on mesoporous carbon was observed to inflame in air when contacted with a stainless 
steel spatula.28 The best explanation is that this incident may have been caused by a 
static discharge.28 Interestingly, a Material Safety Data Sheet (MSDS) for pyridine-borane 
warns that if charcoal is used to decolorize a solution of this amine-borane, then special 
care must be taken during filtration because the carbon on the filter paper can burst into 
flames upon drying in air.30 However, this might be a result of the known instability of 
pyridine-borane, which will be discussed later in this section. In April 2005 a fire occurred 
in a vendor’s packaging department during clean-up of equipment following packaging of 
AB.29 An investigation into the cause of this fire showed that when acetone is added to 
residues of AB in the open air, then a reaction occurs in a few seconds with gas evolution 
and the generation of heat.29 If water or methanol is used in place of acetone, then AB 
simply dissolves with no observed reaction.29 A sample of the AB involved in the fire was 
tested to see if the material was pyrophoric using the Filter Paper Char Test31, 32 and the 
results were negative.29 A stock check (reassay following a standard QC method33) of AB 
product in packaged units for 10 months showed a slight improvement in % purity.34 

The recommendations here are to avoid initial use of acetone in the open air for clean up 
of lab equipment that contains residues of AB and to not allow mixtures of finely divided 
carbon and amine-boranes to dry in the open air. The direct use of water for clean up in 
the absence of flammable liquids is the best method to follow to avoid these fire hazards. 
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Ammonium borohydride is closely related to AB, but this salt can only be prepared at low 
temperatures and decomposes at temperatures above -20 oC with evolution of 
hydrogen.35 This may be more than a simple thermal decomposition because when ultra-
dry solvents are used a mixture of (BH4) 

-
and (NH4)

+ does not react to give hydrogen.36 

Regardless, even though ammonium borohydride appears attractive based on wt% H, it 
must be treated with caution since it is usually an unstable material. 

Another material to treat with caution is hydrazine-bisborane (H3B−NH2NH2−BH3).37, 38 It 
can be prepared from diborane and anhydrous hydrazine at low temperatures, but the 
white solid product explodes when heated in air.37 It is also reported to be shock sensitive 
and will detonate upon impact.38 Solid pellets of hydrazine-bisborane can be ignited to 
provide hydrogen gas via a self-sustaining thermal decomposition.39 

It is now generally accepted that amine-boranes prepared from primary and secondary 
amines are stable and do not evolve hydrogen under normal conditions. However, early 
workers reported that (CH3)NH2−BH3 and (CH3)2NH−BH3 decompose slowly even at 0 oC 
with evolution of hydrogen.40 A later report states that both of these adducts are stable 
white solids with no tendency to evolve hydrogen at room temperature.41a This apparent 
discrepancy is now understood as being due to unsymmetrical cleavage of diborane.41b 

Interestingly, a patent claims the manufacture of “stable” (CH3)2NH−BH3 which shows no 
decomposition when heated up to 110 oC.42 More recently, a melt of neat (CH3)2NH−BH3 
was kept at 45 oC for 7 days with no observed decomposition.43 

It is recommended that all new amine-borane adducts prepared from 1o or 2o amines need 
to be treated as potentially unstable until tested for the absence of pressure build-up upon 
storage. 

As mentioned earlier, pyridine-borane is known to be thermally unstable. Early workers 
observed the adduct decomposing during an attempted vapor pressure measurement.44 

Also, a violent decomposition occurred during an attempted distillation of pyridine-
borane.45 These reports are in contrast to a comment in a patent that pyridine-borane can 
be heated up to 100 oC without any disadvantage.46 Neat pyridine-borane is a clear 
yellow liquid at room temperature, but it can often slowly become a clear gummy to wax
like solid upon long-term storage. This result lead to a serious industrial accident where a 
55-gal drum of pyridine-borane was moved to a hot room and later ruptured and started a 
fire.47 This company also learned about other incidents and fires involving pyridine-
borane when it was stored or shipped at higher than ambient temperatures. It is 
recommended that bulk containers must only be stored or transported at 30 oC or less.47 

Although it is not an amine-borane, a discussion of the instability of the related Lewis acid-
base adduct, borane-THF, is needed since it does reveal a problem when a system 
contains an internal route from a reactive B-H to a thermodynamically more stable B-O. 
Borane-THF, as a 1M solution in THF, is available commercially, but was initially only 
offered as a NaBH4 stabilized solution. Borane-THF undergoes a slow internal reductive 
ring opening to give butoxy-B compounds,48 and this reaction can be retarded if a small 
amount of NaBH4 (0.005M) is present.49 Later it was claimed in a patent that borane-THF 
can be stored "unstabilized" if never allowed above 20 oC.50 Unfortunately, whether 
stabilized with NaBH4 or not, this reagent can decompose violently when stored in bulk at 
ambient temperatures as witnessed by a very serious industrial accident.51-53 This 
explosion resulted in a safety alert54 from the manufacturer of the material involved in the 
incident, and a revision of the MSDS by both commercial manufacturers.55, 56 A recent 
investigation into means to improve the stability of the commercial borane-THF reagent 
lead to the development of an amine-stabilized product.57-59 
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The lesson to be learned from the problems with borane-THF is that a mixture of any 
boron hydride plus an oxygen containing organic needs to be evaluated carefully to see if 
there is a temperature at which a self-accelerating decomposition can occur. This is 
especially critical if the mixture is ever produced and shipped in large quantities. 

The generation of hydrogen from AB or other amine-borane adducts may involve the 
formation of borazine, (HNBH)3. Thus, a short discussion of the stability/safety of 
borazine is needed. Early work on the synthesis of borazine showed that liquid borazine 
slowly decomposes to give hydrogen and a non-volatile white solid with small amounts of 
diborane in the volatiles.60 Later the decomposition of liquid borazine was studied at 
50 oC and 100 oC with only about 50% of the borazine being recovered after 160 hours.61 

The recommendation is to store borazine at or below 4 oC.62 

Finally, a report of the synthesis of (CH3)3N−BH2N3 warns that this compound will 
detonate upon rapid heating.63 

The stability, reactivity and utility of amine-borane complexes have lead to the commercial 
availability of many of these compounds. The following table lists the products where an 
MSDS can be obtained from a supplier. 

Table 1. Commercial amine-borane products with MSDS and technical data sheet. 
Amine MSDS reference Data sheet reference 
Ammonia 64 
Dimethylamine 65 
Trimethylamine 66, 67 
Triethylamine 68, 69 
tert-Butylamine 70, 71 72 
Pyridine 30, 73 74 
Pyridine (as a 50 wt% solution in pyridine) 75 74 
Morpholine 76, 77 
N-Methylmorpholine 78 
N-Ethylmorpholine 79 
N,N-Diisopropylethylamine 80 
N,N-Diethylaniline 81, 82 83 

In addition to the two suppliers that offer the amine-borane products listed above, a few of 
these products are available from non-USA sources. Aviabor84 lists a number of boron 
products including AB.85 Boroscience Canada86 recently announced the availability of AB 
and borazine.87 Finally, Katchem88 has posted spec sheets for dimethylamine-borane89 

and borazine90 on the Internet and Gelest91 is a new supplier for borazine.92 

The toxicity of diborane is well known and well documented7 and is listed in detail in the 
MSDS for diborane supplied by Airgas.93 Even when supplied as a 10% solution in 
hydrogen, the MSDS clearly lists the mixture as highly toxic.94 Much less is known about 
the toxicity of the amine-borane adducts. A review of the MSDS’s supplied by the 
manufacturers seems to indicate that the amine-borane product is only listed as toxic if 
the free amine is classified as toxic. This probably means that the authors of the MSDS’s 
could not find any reported toxicological studies in the open literature. A search of the 
government report archives at US Borax uncovered one study from Project ZIP.95 The 
acute toxicity of dimethylamine-borane, pyridine-borane and trimethylamine-borane was 
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measured by injection in rats.96 The LD50 when expressed as mg B/kg showed that the 
toxicity of dimethylamine-borane and pyridine-borane is approximately equal to the toxicity 
of pentaborane, while trimethylamine is much less toxic. Pentaborane is known to be 
highly toxic.7c-d, 97 

The safety aspects of amine-borane compounds will not be complete without a discussion 
of handling procedures and techniques. Gases that are reactive to the atmosphere are 
best handled using vacuum line techniques. Solids that are reactive to the atmosphere 
are best manipulated in a glove box. Air-sensitive liquids and solutions can be easily 
handled using syringe and double-ended needle techniques along with appropriate 
glassware equipped with sleeve stoppers.98 Obviously, many of the amine-borane 
adducts are unreactive to water and oxygen, but it is still a good idea to run all reactions 
and to handle and store these materials under inert atmospheres. 

An area of special safety concern is the use of liquid nitrogen in the cold traps on vacuum 
distillation apparatus. If a B-H compound is distilled and there is any possibility for 
disproportionation to give diborane, then these cold traps can collect diborane. If the 
system is opened to the air following the distillation, then these traps will explode. It is 
always a good idea to use high purity nitrogen to relieve the vacuum in any system using 
cold traps, but an extra measure of safety can be obtained by first putting a small amount 
of methanol in the cold traps before distilling the B-H compound. 

Care must be taken to properly vent all reaction set-ups and to make sure any generated 
hydrogen is diluted with nitrogen and vented to an efficient hood. By using aqueous 
mineral acids, it is possible to completely destroy any B-H bonds in amine-borane adducts 
with evolution of hydrogen. This can be used to make sure any by-products are safe for 
proper disposal. 

This generation of hydrogen upon hydrolysis can be quantitatively measured and used to 
determine the concentration of B-H containing solutions and the purity of B-H containing 
compounds.99 

3. Synthesis 

3
This section will highlight the reactions that can be used to prepare AB, various 1o, 2o and 

o amine-borane adducts, aminoboranes (mainly R2N-BH2 dimers and trimers) and 
borazines [ (HNBH)3 or (RNBH)3 ]. The use of these compounds to prepare other N-B-H 
will be included in the section on chemical properties. The use of these compounds as 
reagents for synthetic chemistry will be included in the section on synthetic applications. 

Before discussing the synthetic routes to AB, it is important to remember that the 
symmetrical cleavage product (AB) is not formed by direct reaction of NH3 with B2H6. 
Ammonia reacts with diborane via an asymmetrical cleavage to give an ionic solid,100 

which is called the diammoniate of diborane (eq 1). Detailed procedures are available for 
the preparation of the diammoniate of diborane and all involve passing diborane into liquid 
ammonia at low temperatures.19, 101, 102 The dimethylammoniate of diborane can be 
prepared from methylamine by an analogous reaction (eq 4).103 

2MeNH2 + B2H6 → [(MeNH2)2BH2] 
+ [BH4] 

– 
(4) 
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If diborane is first symmetrically cleaved to give a reactive borane-base adduct, then the 
direct reaction with ammonia is reported to give a mixture of AB plus the diammoniate of 
diborane (eq 3).102 Interestingly, borane-THF gives a 50:50 mixture,102 borane-OMe2 
gives almost entirely the diammoniate104 and borane-SMe2 gives mainly AB.21 

Ammonia-Borane (AB) 

When AB is prepared from borane-THF102 or borane-SMe2
21, pure AB can be obtained by 

recrystallization from Et2O due to the insolubility of the ionic diammoniate of diborane.105 

Early workers claimed that AB slowly rearranges at room temperature to give the 
thermally more stable diammoniate.103 However, as stated before, a later worker found 
that AB of high purity does not undergo conversion to the diammoniate even when heated 
at 50 oC for 13 days.23 In the presence of trace amounts of diborane, the diammoniate 
can be converted cleanly to AB without hydrogen evolution (eq 5).23 

trace of B2H6 2NH3BH3 (5)[(NH3)2BH2] 
+ [BH4] 

– 
Diglyme, 25 oC/40 hrs 

The reaction of lithium borohydride with ammonium salts gives AB without the need to 
work with diborane or a borane complex (eq 6 and 7).106 

LiBH4 + NH4Cl → NH3BH3 + LiCl + H2 (6) 

2LiBH4 + (NH4)2SO4 → 2NH3BH3 + Li2SO4 + 2H2 (7) 

The above reactions are run in diethyl ether and give isolated yields of AB of around 45%. 
Any by-product diammoniate is removed during the filtration to remove the insoluble 
lithium salts. Later workers developed a more convenient and improved procedure using 
the reaction shown in equation 8.24 

NaBH4 + (NH4)2CO3 40-45 oC
THF NH3BH3 + NaCO3(NH4) + H2 (8) 

Sodium borohydride is less expensive than lithium borohydride and is much easier to 
handle. Also, the yield of pure AB is greatly improved (80% isolated).24 

Organoamine-Borane Complexes 

Mono-, di- and trialkylamine-borane adducts can be prepared directly from diborane (see 
equation 2)107 or from an active borane-base complex. A few specific examples are given 
in Table 2 for various alkylamines. 

Table 2. Synthesis of alkylamine-borane complexes from “borane” precursors. 
Amine Borane Yield Reference 
Methylamine 
Dimethylamine 
Dimethylethylamine 
Diethylmethylamine 
Ethylenediamine 
Ethylenediamine 
Trialkylaminese 

THF-BH3 
aB2H6 

B2H6
b 

B2H6
b 

THF-BH3 
THF-BH3

d 

THF-BH3 

98% 
90% 
84% 
86% 
66%c 

72%c 

NRf 

108 
42 
109 
109 
110 
111 
112 
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Table 2. (continued) 
Triethylenediamine Me2S-BH3 96%c 113 
Dimethyl(2-methoxyethyl)amine Me2S-BH3 NRf 114 

aTrialkylaminesg B2H6 NRf 115 
da No solvent.  b Diethyl ether as solvent.  c Product is the bisborane adduct.  Using preformed in situ borane-

eTHF. Wide variety.  f Not reported but assumed to be quantitative.  g Variety with bulky groups. 

9.

The second major route to alkylamine-borane adducts is the reaction of an amine 
hydrochloride salt with a borohydride. The original investigators used lithium borohydride 
in diethyl ether and obtained an 86% isolated yield of amine-borane based on equation 

116 Sodium borohydride in THF is now the reagent of choice for the synthesis of amine-
boranes from amine-HCl and a few specific examples are given in Table 3. 

LiBH4 + (CH3)3N●HCl → (CH3)3NBH3 + LiCl + H2 (9) 

Table 3. Synthesis of amine-boranes from amine-HCl by reaction with NaBH4. 
Amine (as HCl salt) Solvent Yield Reference 
Trimethylamine THF 67% 117 
Methylamine Monoglyme NRa 118 
Methylamine 
Ethylenediamine 

THF 
THF 

83% 
55%b 

119 
120 

Pyridine Pyridine 93% 121 
a Not reported.  b Product is the bisborane adduct. 

Two patents claim an improvement is obtained when the amine and NaBH4 are treated 
with carbon dioxide in an inert solvent in the presence of water.122, 123 The reaction for this 
process is shown in equation 10, which gives an 80% isolated yield of amine-borane. 

NaBH4 + (CH3)3N + CO2 + H2O → (CH3)3NBH3 + NaHCO3 + H2 (10) 

A major disadvantage of the above NaBH4 processes is the generation of hydrogen as a 
by-product with a loss of ¼ of the valuable B-H. This is somewhat improved (no evolution 
of hydrogen) by reacting an amine with NaBH4 in liquid SO2

124 or under anhydrous 
conditions with CO2.125 The by-product for the CO2 process is believed to be sodium 
formate (eq 11).126 Thus, one of the hydrides in NaBH4 is still lost. 

NaBH4 + R3N + CO2 → R3NBH3 + NaOCHO (11) 

A major improvement in B-H utilization is possible if borane-THF is generated in the 
presence of an amine as illustrated in equation 12.46, 127 The isolated yields are excellent. 
The only disadvantage of this process is the loss of boron in the fluoroborate by-product. 

3NaBH4 + 4BF3-OEt2 + R3N → 4R3NBH3 + 3NaBF4 + 4Et2O (12) 

It is possible to generate “borane” in situ by reacting NaBH4 with iodine, and this reaction 
can be run in the presence of an amine to produce 62-97% isolated yields of a wide 
variety of amine-borane complexes (eq 13).128 However, this process is inefficient in 
utilization of B-H. 
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2NaBH4 + 2R3N + I2 → 2R3NBH3 + 2NaI + H2 (13) 

Finally, lithium aluminum hydride can be used to reduce dialkyl arylboronates129 or 
trialkylboroximes130 in diethyl ether in the presence of a trialkylamine to give trialkylamine
RBH2 adducts. The required aluminum hydride can even be prepared in situ to give an 
interesting process for the synthesis of amine-borane complexes (eq 14).131 

2(PhO)3B + 2Et3N + 2Al + 3H2 → 2Et3NBH3 + 2Al(OPh)3 (14) 

Aminoboranes 

The simplest aminoborane, H2N-BH2, can only be isolated at very low temperatures. The 
vapor phase pyrolysis of AB produces the monomer H2N-BH2, which can be trapped, but it 
is only stable at very low temperatures.132 When the solid monomer is allowed to warm, it 
coverts to a polymer (H2N-BH2)n. Alternatively, poly(aminoborane) can be prepared by 
simple thermal decomposition of AB133 or by the reaction of lithium amide with diborane 
(eq 15).134, 135 

nLiNH2 + nB2H6 → nLiBH4 + (H2N-BH2)n (15) 

Cyclotriborazane, (H2N-BH2)3, can be prepared using a two step process starting with 
borazine as shown in equations 16 and 17.136 The trimer is a solid that decomposes at 
150 oC with hydrogen evolution. 

(HNBH)3 + 3HCl → (HNBH)3●3HCl (16) 

2(HNBH)3●3HCl + 6NaBH4 → 2(H2N-BH2)3 + 6NaCl + 3B2H6 (17) 

The reaction of sodamide with the diammoniate of diborane in liquid ammonia gives 
mainly the product where n=5 (50% yield) along with very small amounts of the products 
with n=2 and n=3 (eq 18).137 Cyclopentaborazane can also be synthesized via a thermal 
decomposition of the diammoniate in monoglyme in the presence of ammonia (eq 19).138 

5NaNH2 + 5[(NH3)2BH2] [BH4] → 5NaBH4 + (H2N-BH2)5 + 10NH3 (18) 

5[(NH3)2BH2] [BH4] 
Monoglyme (H2N-BH2)5 + 5H3NBH3 + 5H2 (19)NH3 

Heating methylamine-borane at 100 oC gives N,N,N-trimethylcyclotriborazane.119, 139-141 

This aminoborane trimer can also be prepared by the reaction of the amine hydrochloride 
with sodium borohydride (eq 20), which gives the product as two isomers both in a chair 
conformation.118 Similar results are obtained when methylamine-borane is heated at 
reflux in diglyme.108 The two isomers were separated and identified with the major isomer 
having all three methyl groups equatorial and the other isomer having two equatorial and 
one axial.118 

3MeNH2●HCl + 3NaBH4 → (MeNHBH2)3 + 3NaCl + 6H2 (20) 

Early studies of the reaction of diborane with 2o amines showed that the initially formed 
material can be converted to dialkylaminoborane by heating to above 100 oC.142, 143 Also, 
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an early report of the reaction of dimethylamine hydrochloride with lithium borohydride 
followed by heating, is reported to give dimethylaminoborane.116 A detailed preparative 
procedure is available based on the reaction given in equation 21.117 

Me2NH●HCl + NaBH4 → Me2NBH2 + NaCl + 2H2 (21) 

However, it is now known that dimethylaminoborane actually exists as a dimer140 and it 
was isolated and identified as 1,1,3,3-tetramethyldiborazane as a low yield by-product 
when the starting materials in equation 21 were used to prepare dimethylamine-borane 
complex.144 Recently, an efficient catalytic dehydrocoupling of Me2NHBH3 was 
discovered which results in the quantitative formation of the cyclic dimethylaminoborane 
dimer under very mild conditions (eq 22).43 

2Me2NHBH3 25-45 oC 
Rh(I) or Rh(II) catalyst (Me2NBH2)2 + H2 (22) 

This exciting new development is under continuing investigation.145-148 

Borazines 

One of the earliest synthetic routes to borazine (30-35% yield) involved the reaction of 
lithium borohydride with ammonium chloride in the absence of a solvent at a temperature 
around 300 oC (eq 23).149 

3LiBH4 + 3NH4Cl → (HNBH)3 + 3LiCl + 9H2 (23) 

Later the reduction of B-trichloroborazine with LiBH4 in Et2O is claimed to be an improved 
process, but results in the generation of diborane as a major by-product.60 The use of 
NaBH4 provides a less expensive source of B-H and, by running the reaction in the 
presence of a trialkylamine, the diborane is trapped to provide a significantly safer 

150process. A detailed preparative procedure is available for this reaction (eq 24).151 

(ClBNH)3 + 3NaBH4 + 3(n-Bu)3N → (HBNH)3 + 3NaCl + 3(n-Bu)3NBH3 (24) 

When the above procedure was published, B-trichloroborazine was commercially 
available. Unfortunately, this chemical is currently only available in small research 
quantities,152 and the literature preparation from boron trichloride and ammonium chloride 
is rather inconvenient.153 

The direct thermal conversion of AB to borazine is claimed in a patent (69-73% yield), but 
the process requires specialized equipment.154 This process can be run in laboratory 
glassware using tetraglyme as the solvent giving a 67% isolated yield of borazine.155, 156 

A greatly improved laboratory-scale synthetic procedure (50-60% yield) is now available 
based on the reaction in equation 25.62, 155-158 

3(NH4)2SO4 + 6NaBH4 → 2(HBNH)3 + 3Na2SO4 + 18H2 (25) 

When methylamine-borane is heated to 200 oC, the main product is 
N-trimethylborazine.119, 139, 159 In general, heating monoalkylamine-boranes to 200o C or 
higher gives N-trialkylborazines.156, 160 These products can also be prepared by reacting 
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an alkylamine hydrochloride with lithium borohydride116 or sodium borohydride117 followed 
by heating and by reducing B-trichloro-N-trialkylborazines with sodium borohydride.161 

Mixtures of mono-, di-, and tri-N-methylborazines can be prepared by heating mixtures of 
ammonia and methylamine with diborane162 or pentaborane.163 

When the rhodium-catalyzed dehydrocoupling reaction was extended to methylamine-
borane, a 40% yield of N-trimethylborazine was obtained (eq 26).43, 148 

3MeNH2BH3 25-45 o
Rh(I) or Rh(II) catalyst (MeNBH)3 + 6H2 (26)

C, monoglyme 

Finally, the reduction of acetonitrile with diborane in THF at reflux gives N-triethylborazine, 
which can be isolated in 50% yield (eq 27).164 

6MeCN + 3B2H6 → 2(CH3CH2NBH)3 (27) 

N-Trialkylborazines are assumed to be the intermediate (not isolated) in the borane-
methyl sulfide reduction of organonitriles, which gives primary amines upon hydrolysis 
with methanolic HCl.165 

4. Physical Properties 

The review by Geanangel and Shore provides a listing of the physical properties for a

large number of boron-nitrogen compounds.11 Also, the MSDS’s can be consulted to

obtain the physical properties for the commercially available compounds. This section will

mainly provide a listing of where to find the experimental results for various physical

measurements. The N-B-H chemicals and materials covered will only be those previously

discussed.


Even though the previous review11 lists the melting point and boiling point for the early

N-B-H compounds, the listing in Table 4 is provided to give the values for the simple

compounds plus a few more recent measurements.


Table 4. Physical constants for a few simple B-N-H chemicals.

Compound mp, oC bp, oC (mm) Ref.

Ammonia-borane 

Methylamine-borane 
Dimethylamine-borane 
Trimethylamine-borane 
Dimethylaminoborane dimer 
Methylaminoborane trimer 
Borazine 
N-Trimethylborazine 

112-114 
110-112 
125 
58 
36 
94-94.5 
74-76 
>250 
-58 

49 (0.01) 
172 

55 
134 

22 
23 
105 
156 
11 
11 
145 
156 
11 
156 

AB is a quite simple yet very interesting molecule and many workers have investigated the 
physical properties of this Lewis acid-base complex. Likewise, the three methylamine-
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borane adducts, the aminoboranes and borazine have also been studied experimentally.

Tables 5-8 provide lists for most of the major studies.


Table 5. Experimental studies on ammonia-borane.

Method Property studied/determined Ref.

X-ray diffraction 
Heterodyne beat 
Microwave spectrum 
IR spectra (matrix isolated) 
1H &11B NMR 

11B, 10B & 14N NQR 
11B, 10B & 14N NMR 
Microwave spectrum 

Deuterium NMR 
Neutron diffraction 
Raman spectroscopic 
IR spectra (matrix isolated) 
11B NMR 
X-ray crystallography 
Water calorimeter 
Adiabatic calorimeter 
DSC, TG, TG-FTIR & TG-MS 

Crystal structure 166, 167 
Dipole moment 168, 169 
B-N bond distance & dipole moment 170 
Force constants 171 
Correlation of chemical shifts with 

enthalpies of formation 172 
Nitrogen nuclear quadrupole moment 173 
Activation energy for B-N bond rotation 174 
Rotational constants, dipole moment, 

torsional barrier, etc. 175 
B-N bond rotation & dihydrogen bondinga 176 
Dihydrogen bonding 178 
Dihydrogen bonding 179 
Structure of pyrolysis products 180-182 
Products from thermal decomposition 183 
Structure of AB complex with crown ether 184, 185 
Heat of combustion 186 
Thermochemical properties 187 
Study of thermal decomposition 188, 189 

a For a review of dihydrogen bonding where AB is a prime example, see reference 177. 

Table 6. Experimental studies on (H2NBH2)n 

n= Method Property studied/determined Ref. 
1 Microwave spectrum 
3 Effusion technique 
3 Dielectric cell 
3 X-ray diffraction 
2-5 IR & x-ray diffraction 
2-5 MS & x-ray photoelectron 

Spectra 

Rotational constants & dipole moment 190 
Heat of sublimation 191 
Dipole moment 191 
Crystal structure 192 
Structural study 133 

Structural study 193 

Table 7. Experimental studies on amine-borane adducts.

cmpda Method Property studied/determined Ref.

A X-ray diffraction 
A Raman & IR spectra 
A-C Vapor-pressure depression 
A-C Heterodyne beat 
A Microwave spectra 
D X-ray diffraction 
A IR 
E IR (various special) 
F 11B NMR 

B-N bond length 194 
Electronic charge distribution 195 
MW (showed all are monomeric) 196 
Dipole moment 169 
B-N bond length & dipole moment 197 
Molecular & crystal structure 198 
Hydrogen bonding in methanol 199 
Dihydrogen bonding in gas phase 200-203 
B-N bond strength 204 
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Table 7. (continued)

G 1H, 11B & 13C NMR Configurational stability 205, 206

H Calorimetric Enthalpies of formation
 207 
a A is trimethylamine-borane, B is dimethylamine-borane, C is methylamine-borane, D is ethylenediamine
bisborane, E is a phenol-dimethylamine-borane complex, F is a series of substituted pyridine-borane adducts, 
G is a series of amine-borane adducts that are configurationally complex, H is a series of primary and 
secondary and tertiary alkylamine-borane adducts. 

Table 8. Experimental studies on borazine.

Method Property studied/determined Ref.

Electron diffraction 
UV absorption 
Classical 

1H & 11B NMR 
Heterodyne beat 
Gouy magnetic balance 
Vibrational spectrum 
Electron diffraction 
IR & Raman spectra 
IR spectra & 1H NMR 
X-ray crystallography 

Structure & B-N bond length 208 
Comparison with benzene 209 
Density, viscosity, surface tension & 

refractive index 210 
Chemical shifts & spin coupling constants 211 
Dipole moment 212 
Diamagnetic susceptibility 213 
Assignment of frequencies 214 
Molecular structure 215 
Vibrational analysis 216 
Absence of hydrogen bonding 217 
Molecular & solid state structure 218 

Two additional experimental studies of note that do not fit cleanly in the above tables are 
as follows: 

a.	 an x-ray diffraction study of the cyclic trimer of Me2NBH2 shows the molecule to 
be a 6-member ring with repeating B-N atoms in a chair configeration.219 

b.	 an x-ray absorption fine structure spectroscopy and 11B NMR study of the 
rhodium-catalyzed dehydrogenation of dimethylamine-borane.220 

A number of lists of NMR chemical shifts and coupling constants for various B-N-H 
compounds are available. Table 9 provides a chronological summary. 

Table 9. Lists of NMR data for B-N-H compounds. 
NMR 
11B 
11B 

Types of compounds included in list 
Mainly inorganic plus a few amine-boranes 
Good list with additional amine-boranes and aminoboranes 

Ref. 
221 
222 

1H 
11B 
1H 

Borazine plus various substituted borazines 
AB plus the three methylamine-boranes 
Substituted borazines 

223 
224 
225 

11B Various amine-boranes plus a comparison with 13C values 

1H 
for the analogous alkanes 

B-substituted amine-boranes 
226, 227 
228 

15N 
11B 

AB and trimethylamine-borane 
A few amine-boranes and aminoboranes along with an 

229 

11B 
extensive listing of organoboron compounds 

Primary and secondary alkylamine-boranes 
230 
231 
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Finally, this survey of physical properties can not be complete without at least a mention 
that a number of excellent experimental studies clearly established the structure of the 
diammoniate of diborane.20, 196, 232-238 

5. Theoretical Studies 

For the past 50+ years, chemists and theoreticians have found N-B-H compounds to be

particularly interesting. Efforts continue to date at exploring the many unusual structures

using high level ab initio quantum computations. The various N-B-H compounds present

challenging aspects that test the reliability of current ab initio programs to account for

experimental data. No attempt will be made in this section to cover any of this work in

detail. Table 10 simply provides a list of many of these studies in chronological order.


Table 10. Theoretical studies on B-N-H compounds.

Compound(s)a Focus of study Ref.

Borazine UV spectra 239 
Borazine Diamagnetic anisotropy 213 
AB, borazine, etc. B-N compounds compared to C analogs 240 
Borazine π-electron system 241 
AB Electronic structure 242 
Borazine π-electron density compared to 11B 14N NMR 243 
Me-borazines Electronic spectra & ionization potentials 244 
AB Potential surfaces & molecular properties 245 
AB Internal rotation barrier 246, 247 
AB Electronic structure & heat of formation 248 
H2NBH2 Electronic structure 249 
AB Internal rotation barrier 250, 251 
AB Rotational barrier & structure 252, 253 
AB Electronic structure 254 
AB Electronic fields, diamagnetic shielding, dipole 

moment & diamagnetic susceptibility 255 
H2NBH2 & AB Geometry, stability & charge distribution 256 
AB, MAB & TMAB Electron donor-acceptor interaction energies 257 
AB Complexation energy 258-260 
(B-N)x various π-electron conjugation 261 
AB Various physical properties 262 
Borazine, etc. Bond order approach to aromaticityb 263 
Borazine Electronic & structural properties 266 
Borazine Electronic excitation & π-electron interaction 267 
AB & DD Symmetric & asymmetric cleavage of diborane 268 
H2NBH2 Potential energy surfaces 269 
AB Geometry & energy 270 
HnNBHn (n=1,2,3) Equilibrium geometrics & vibrational frequencies 271 
AB & TMAB B-N bond length & formation energy 272 
Borazine Electronic structure 273 
AB, etc. Covalent vs. dative bonds, a discussion 274 
AB B-N bond length 275 
Borazine Aromaticity relative to benzene 276 
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Table 10. (continued) 
AB, MAB, DMAB 

& TMAB Enthalpies of formation 277 
AB Rotational barrier & electric field gradients 174 
H2NBH2 Formation from ammonia and diborane 278 
AB Bond energies, dipole moment, vibrational 

frequencies & rotational barrier 279 
Borazine & TMB Magnetic anisotropies & charge distributions 280 
H2NBH2 Formation from ammonia and diborane 281 
AB Binding energy 282 
AB & TMAB Geometries & bonding energies 283 
Borazine Energetics of prismane analog 284 
AB Geometry & binding energy 285 
AB Dihydrogen bonding 286 
AB Geometry & binding energy 287 
B2H6 + NH3 Reaction mechanism 288 
AB Donor-acceptor interactions 289 
AB & F-AB Substitution effects on binding energy, etc. 290 
Borazine Magnetic properties & ring current 291 
AB & various NBH Thermochemical values 292 
AB, etc. Stability of borane-adduct complexes 293 
AB Dihydrogen bonding 294 
Borazine Aromaticity 295 
AB, MAB, DMAB 

& TMAB Geometrics & complexation energies 296 
AB Dihydrogen bonding 297 
AB, F-AB & Cl-AB Structure, bonding & stability 298 
AB Dihydrogen bonding 299 
AB & M-AB Substitution effects on binding energy, etc. 300 
Borazine, etc. Structural aspects of aromaticity 301 
AB Dipole-bound anion in a charge-transfer adduct 302 
Borazine Protonation & methylation of aromatic? 303 
AB, TMAB, etc. Polarization & charge-transfer effects 304 
AB Dihydrogen bonding 305 
AB Gas/solid phase structural differences 306 
Borazine Structure & stability 307 
AB, etc. Structural aspects of donor-acceptor interactions 308 
AB B-N stretching frequency in solid state 309 
AB dihydrogen bonding in solid state 310 
AB Charge transfer in donor-acceptor adduct 311 
AB Proton affinity & structure of cation 312 
AB Dihydrogen bonding 313 
a AB is ammonia-borane, MAB is methylamine-borane, TMAB is trimethylamine-borane, DD is the 
diammoniate of diborane, DMAB is dimethylamine-borane, TMB is N-trimethylborazine, F-AB is various fluoro
substituted ammonia-borane complexes, Cl-AB is various chloro-substituted ammonia-borane complexes, 
M-AB is all possible methyl-substituted ammonia-borane complexes.  b For a more recent discussion and 
calculations of what defines aromaticity, see references 264 and 265. 

6. Chemical Properties 

AB and most amine-borane complexes that are prepared from 1o, 2o and 3o alkylamines 
are inert to oxygen and moisture in the air. These materials can generally be stored 
indefinitely at room temperature. As discussed previously, AB and the amine-borane 
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complexes prepared from 1o and 2o alkylamines liberate hydrogen upon heating and all 
amine-boranes can be forced to react with active hydrogen-containing chemicals under 
the right conditions with generation of hydrogen. Finally, any B-H containing compound 
can be expected to act as a reducing agent when allowed to react under certain 
conditions. 

All of these chemical reactions will now be discussed in more detail with an emphasis in 
this section on processes that result in new B-N containing products. If a chemical 
property of a B-N-H compound is used to prepare a new organic, then the reaction will be 
included in the section on synthetic applications. 

Hydrolysis plus Related Reactions 

Only amine-borane complexes with N-arylamines112, 314 and N-(bulky)alkylamines315-317 are 
hydrolyzed by water and alcohols. Most other amine-borane adducts are unaffected by 
hydrolytic solvents at neutral pH after many hours at room temperature.112 Hydrolysis 
does occur in a strong acid medium and rapidly goes to completion at ambient 
temperature if the amine-borane adduct is water soluble (eq 28).112 

R3NBH3 + HCl + 3H2O 25 oC 
ethylene glycol B(OH)3 + R3NHCl + 3H2 (28) 

The above reaction is not as simple as depicted. Both the acid catalyzed and uncatalyzed 
hydrolysis of a number of amine-borane adducts was studied kinetically by a few 
investigators to better understand the mechanism.318-323 The reaction is proposed to 
involve the formation of an activated complex as the rate-determining step where nitrogen 
has some degree of bonding to both the entering H+ and leaving BH3.323 The BH3 is 
believed to exist as a solvated and highly reactive intermediate.323 

Tertiary amine-borane complexes are formed when tertiary amides are reduced with 
Me2SBH3 and aqueous HCl at 100 oC is used to achieve complete hydrolysis in a short 
time period.165 

During a study of the slow acidic hydrolysis of trimethylamine-borane, it was discovered 
that the hydrogens in B-H exchange with the protons in the solvent faster than they 
hydrolyze to give hydrogen gas.324 If excess D2O is used in the presence of DCl, then this 
process can be used to give good yields of the BD3 adduct (eq 29).324 

Me3NBH3 + 3D2O 
DCl 

2
oCexcess D O, 25 Me3NBD3 + 3DOH (29) 

Subsequently, this exchange reaction was used as the first step in a procedure to prepare 
sodium borodeuteride (eq 30).325 

4Me3NBD3 + 3NaOMe Diglyme 3NaBD4 + 4Me3N + B(OMe)3 (30)
120-150 oC 

A study of the exchange of hydrogen in borazine with various deuterium-containing 
compounds showed that D2 and B2D6 only exchange with B-H and ND3 only exchanges 
with N-H.326 Similarly, the reaction of B2H6 with excess ND3 does not result in the 
contamination of the excess ND3 with protons.327 

A reaction related to hydrolysis is the conversion of trimethylamine-borane into 
trialkylthioborates at 100 oC in 65-70% yield(eq 31).328 
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Me3NBH3 + 3RSH → (RS)3B + Me3N + 3H2 (31) 

The relatively harsh conditions required for the complete hydrolysis of stable 3o amine-
boranes provided an incentive to develop a mild procedure to free the amine from the 
amine-borane intermediate that results from borane reduction of amides.329 The process 
involves simply treating the complex with a catalyst in methanol (eq 32). 

R3NBH3 + 3MeOH Pd or Ni/Al R3N + B(OMe)3 + 3H2 (32) 
room temp 

When applied to AB, complete methanolysis occurred in 0.2hr in the presence of 10% 
Pd/C but was only 24% complete after 60 days in MeOH alone.329 A recent article 
described a similar metal-catalyzed hydrolysis of AB at room temperature (eq 33).5 Also, 
the use of ion exchange resins in the acid form or even simply CO2 result in the complete 
hydrolysis of AB at room temperature.6 

H3NBH3 + 2H2O	 Pt or Pd NH4BO2 + 3H2 (33) 
room temp 

Aminoboranes and borazines are sensitive to atmospheric moisture and any source of 
hydrolytic hydrogen. Only a limited amount of work is reported on these systems as 
summarized below: 

a.	 Borazine reacts with excess MeOH at room temperature to give a 1:3 adduct, 
B3N3H3-3MeOH, that probably contains the fragment H-N-B-OMe which loses 
hydrogen upon heating to give ammonia plus B(OMe)3.330 

b.	 Acid-catalyzed methanolysis of N-trimethylcyclotriborazane produces a B-OMe 
product at 0o C.331 

c.	 Cyclotriborazane is unaffected by ice-cold water if diethyl ether is absent.332 

Finally, N-trialkylborazines are assumed to be the intermediate in the borane reduction of 
organonitriles, and the amine-HCl is obtained in high yield upon hydrolysis with 
methanolic HCl (eq 34).165 

[(RCH2)NBH]3 + 3HCl + 3MeOH   → 3RCH2NH3Cl + B(OMe)3 + 3H2 (34) 

Thermolysis 

reaction.

Various thermolysis processes were previously mentioned in the synthesis section. A few 
additional studies will now be covered. The thermal decomposition of AB and polymeric 
H2NBH2 was studied by thermogravimetry, differential thermal analysis and decomposition 
product measurements to better define the chemical steps in the decomposition 

25, 333, 334 An old patent reports that the pyrolysis of monoisopropylaminoborane at 
250-350 oC gives a polymer along with loss of one equivalent of hydrogen.335 A recent 
study reports that hydrogen is released from AB at a relatively low temperature when the 
AB is infused in nanoporous silica.336 Also, the purity of the generated hydrogen is greatly 
improved. Both the lower temperature and the hydrogen purity are promising 
developments for the potential use of AB as a chemical hydrogen storage material for fuel 
cell applications.336 

An investigation of the elimination of H2 from Me2NHBH3 at 100 oC gave results that rule 
out a unimolecular process and favor a bimolecular reaction.337 

Page 17 of 33 



N-B-H Survey, Contract # DE-FC36-05GO15060 
C. F. Lane, Northern Arizona University 

April 17, 2006 

The decomposition of borazine and borazine derivatives has been studied for many years. 
As noted previously, borazine is thermally unstable and must be stored at or below 4 oC. 
The pyrolysis of gaseous borazine at 340-440 oC in an all-glass cell gives hydrogen plus 
nonvolatile polycyclic B-N solids.338 Similar B-N ring compounds were found in the 
products formed during the room temperature decomposition of liquid borazine.339 

Interestingly, both N-trimethylborazine and B-trimethylborazine appear to be completely 
stable in the gas phase at 450 oC.340 

yields.

Simply heating liquid borazine at moderate temperatures under vacuum results in a 
dehydrocoupling reaction to produce polyborazylene as a soluble polymer in excellent 

62, 341 This polymer provides a useful precursor to boron nitride.342 

Halogenation Reactions 

The reaction of various halogenation reagents with N-B-H compounds provides routes to 
the corresponding N-B-X compounds where X = F, Cl, Br or I. Specific examples are 
given in equations 35-43. 

Me3NBH3 + (CH2CO)2N-Cl Benzene Me3NBH2Cl + (CH2CO)2NH (35)343 

reflux 65-70% 

Me3NBH3 + (CH2CO)2N-Br Benzene Me3NBH2Br + (CH2CO)2NH (36)343 

reflux 65-70% 

2Me3NBH3 + I2 → 2Me3NBH2I (37)344 

Me3NBH3 + 2SOCl2 → Me3NBHCl2 + S + SO2 + 2HCl (38)345 

73% 

Me3NBH3 + HCl → Me3NBH2Cl + H2 (39)346 

94% 

Me3NBH3 + HBr → Me3NBH2Br + H2 (40)346 

94% 

Me3NBH3 + Br2 → Me3NBHBr2 + HBr (41)347 

95% 

Me3NBH3 + HF → Me3NBH2F + H2 (42)348 

Me3NBH3 + (C6H5)3C-Cl → Me3NBH2Cl + (C6H5)3C-H (43)349 

72% 

In addition to the above examples, the reaction of tert-butylamine-borane with HF and HCl 
to give the corresponding amine-monohaloborane has been reported,350 and detailed 
procedures for B-halogenation of TMED-2BH3 using HCl, HBr and Br2 are available.351 

When the reaction with a chloramine is extended to a 2o amine-borane, the initially formed 
products continue to react to give a boron cation type of final product (eq 44).352 

Me2NHBH3 + Me2N-Cl → Me2NHBH2Cl + Me2NH → [(Me2NH2)BH2]+ Cl - (43)349 
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The reaction of borazine with HCl gives a 1:3 adduct which is reported to be 
B-trichlorocyclotriborazane.353 Extension of this reaction to N-trimethylborazine gives an 
analogous B-trichloro compound, which is converted to B-trichloro-N-trimethylborazine 
plus hydrogen upon heating at 165 oC.354 The direct reaction of HCl with 
N-trimethylcyclotriborazane can be controlled to give either the B-monochloro or B
dichloro products.331 

Finally, B-halogenation of AB has been studied by NMR.355 The ammonia-haloborane 
products were prepared by the reaction of AB with BF3, BCl3 and BBr3. 

Reduction 

The use of amine-boranes as reducing agents for organic functional groups will be 
covered in the section on synthetic applications. N-B-H compounds can also be used to 
reduce metal salts. An early report on the properties of pyridine-borane states that this 
complex reduces silver nitrate to Ag(0) and Fe(III) to Fe(II).121 The reaction of borazine 
with a variety of silver(I) salts gives the corresponding B-monosubstituted borazine (see 
equation 44, where X = -CN, -OCN, -SCN, CH3CO2- or CH3SO3-).356 

H3N3B3H3 + AgX → H3N3B3H2X + Ag + ½H2 (44) 

Aminoborohydride Reagents 

Hutchins prepared sodium dimethylaminoborohydride (eq 45) and studied the reducing 
properties of this reagent.357 

Me2NHBH3 + NaH → Na(Me2NBH3) + ½H2 (45) 

Singaram reasoned that the corresponding lithium salt would be a more powerful reducing 
agent and prepared a number of reagents from 2o amine-boranes (eq 46).358-361 A recent 
review covers the chemistry of these lithium aminoborohydride reagents.362 

R2NHBH3 + n-BuLi → Li(R2NBH3) + n-Butane (46) 

Myers extended equation 46 to AB and reported that Li(H2NBH3) is a superior reagent for 
the reduction of 3o amides to 1o alcohols.363 Later he reported that this reagent can be 
prepared by reacting AB with lithium diisopropylamide (eq 47).364 

H3NBH3 + LiN(CHMe2)2 → Li(H2NBH3) + (Me2CH)2NH (46) 

Lewis Base Exchange 

Both electronic and steric effects can influence the stability of a Lewis base-borane 
complex. For example, trimethylamine forms a more stable adduct with BH3 than does 
pyridine.365 Also, this chemical property can be used to convert the more reactive borane-
THF and borane-SMe2 complexes to amine-borane adducts, see section on synthesis. 
When BH3 is the reference acid, the base strength of Me3P is greater than that of Me3N,366 

which provides a synthetic route to a variety of organophosphine-borane complexes 
(eq 47).45 

Et3NBH3 + R3P → R3PBH3 + Et3N (47) 
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adduct.
The direct reaction of diamines with borane-THF or borane-SMe2 gives only the bisborane 

110,111,113 However, it is possible to prepare the monoborane adduct by dissolving 
the bisborane complex in excess diamine.367, 368 In the case of TMED, the monoborane 
adduct is unstable above its mp of -3 oC and disproportionates back to the bisborane 
adduct (eq 48)367 while the monoborane adduct of triethylenediamine is stable at 
temperatures up to 100 oC.368 

2(Me2NC2H4NMe2)BH3 → Me2NC2H4NMe2 + H3B(Me2NC2H4NMe2)BH3 (48) 

Miscellaneous 

The following table provides a summary of a number of additional reactions and studies. 

Table 11. Miscellaneous reactions and studies of N-B-H compounds 
Compound(s)a Reaction and/or Study Ref. 
Me2NBH2 
Pyridine-borane 
Me3NBH2R 
TRB 
Me2NBH2 
Borazine 
Borazine 
Borazine 
Borazine 
Borazine 

Borazine 
TMB 
AB 
Borazine 

Disproportionation 
Single-bridged compound with additional BH3 
Rx with NH3 to give B-trialkylborazine 
Rx with Grignard reagents to give B-substitution 
Vapor phase polymerization with MeNH2 
Photochemical Rx with O2, H2O and NH3 
Photochemical Rx with MeOH 
Photochemical exchange with deuterium 
Photolysis with HCl, CH3Cl, CHCl3, etc. to give B-Cl 
H2NBH2 monomer via radiofrequency discharge in 

vapor phase 
Photolysis in gas phase 
Photochemical Rx with H2 
Rx with NH3 to give (H2N)2BH in low yield 
Electrophilic substitution in gas phase 

369 
370 
371 
372 
373 
374 
375 
376 
377 

378 
379 
380 
381 
382, 383 

a TRB is N-trialkylborazine, TMB is N-trimethylborazine, AB is ammonia-borane. 

7. Synthetic Applications 

The use of amine-borane complexes for selective reductions and as hydroboration 
reagents was last reviewed in 1999.10 This section will only cover the more recent reports 
plus a few reports of the synthetic applications for N-B-H compounds other than amine-
borane adducts. 

Preceramic precursors containing Al-N-B linkages can be produced from the reaction of 
AB with Me3NAlH3 followed by treatment with NH3.384 Another application of amine-
borane adducts that does not fit in the following subsections is the regioselective 
metallation of benzylamine-borane complexes.385 This reaction was studied in detail and 
the intermediate benzylic anion was reacted with a wide range of electrophiles to give 
good yields of the substitution product.385 

Selective Reductions 

N-Ethyl-N-isopropylaniline-borane is reported to be a superior reagent for selective 
reductions in THF at room temperature.314 Simple aldehydes, ketones, carboxylic acids 
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and aliphatic esters are cleanly reduced to alcohols. Under similar conditions, acid 
chlorides, anhydrides and aromatic carboxylic esters are unreactive. Imines, tertiary 
amides and nitriles are reduced to the corresponding amines, but primary and secondary 
amides and nitro groups are not reduced. The reduction of esters, amides and nitriles is 
often slow at room temperature, but becomes reasonably fast when the reaction mixture is 
heated to reflux.314 tert-Butyldialkylamine-borane adducts show similar reactivity for 
selective reductions.315 

Recently, a number of investigators reported selective reductions using an amine-borane 
complex in the presence of an active metal catalyst as summarized in table 12. 

Table 12. Selective reductions using amine-borane plus metal catalyst. 
Amine-borane Catalyst Group reduced Product Ref. 
Me2NHBH3 Pd 
Me2NHBH3 Pd 

Me3NBH3 Pd 
t-BuNH2BH3 Pd 
Me2NHBH3 Ni 
Me2NHBH3 Rh 

Allyl carbamates 
Monoepoxides of 

diene-esters 
Nitrobenzenes 
Arylalkene/alkyne 
Aryl chloride 
Alkene 

Aminesa 

Homoallylic alcohols 
Anilines 
Arylalkane 
Aryl-H 
Alkane 

386 

387 
388 
389 
390 
391 

a Useful method for removal of an amine protecting group in solid-phase peptide synthesis. 

Hydroborations 

The use of various amine-borane adducts as hydroboration reagents is well documented

and the older literature is covered in the most recent review.10 Borazine can also be used

as a hydroboration reagent when catalyzed by rhodium.62, 392-395 Hydroboration (HB) of

acetylene with borazine gives B-vinylborazine,62, 392 HB of alkynes gives trans-B-

alkenylborazines393 and HB of alkenes gives B-alkylborazines.394, 395


Recently, a large number of aryl- and “bulky” alkylamine-borane adducts were

investigated as convenient and mild HB reagents. Table 13 provides a listing of the

studies.


Table 13. Amine-borane hydroboration reagents.

Amine-borane adduct Reference

N, N-Dialkylaniline-borane 
N-Ethyl-N-isopropylaniline-borane 
N,N-Diisopropylalkylamine-borane 
N,N-Dialkyl-tert-butylamine-borane 
N,N-Dialkyl-tert-alkylamine-borane 
Trialkylsilylamine-borane 

396, 397 
314, 398 
115, 316, 399 
315, 400 
317 
401, 402 

Finally, Vedejs reports that pyridine-monoiodoborane is a convenient reagent for room 
temperature HB of alkenes and alkynes.403 
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8. Industrial Applications 

The use of amine-borane complexes for various industrial applications was last reviewed

in 1973.8 This section will only cover the subsequent reports and patents, which are

summarized in table 14.


Table 14. Industrial applications of N-B-H and related materials.

Material/mixture Application Ref.

NaBH4 & hydrazine sulfate 
LiBH4 & hydrazine-2HCl 
NaBH4 & hydrazine-2HCl 
B2H6, NH3 & H2 
B2H6 & NH3 
NaBH4 & ammonium salts 
Water soluble amine-borane 
AB, Fe2O3 & NaBH4 
MeNH3B3H8, Si & Al 
B2H6 & NH3 
AB, Al & Ni 
Hydrazine-bisborane 
AB, etc. 
Polyborazines 
Tertiary amine-borane adducts 
Poly(B-alkenylborazine) 
Borazine oligomer 
Borazine 

Combustible composition for H2 generation 404 
Combustible composition for H2 generation 405 
Combustible composition for H2 generation 406 
Chemical vapor deposition (CVD) BN film 407 
Reactive plasma deposition of BN film 408 
Solid propellant for H2 generation 409 
Plating of gold 114 
Solid propellant for H2 generation 410 
Solid propellant for H2 generation 411 
Chemical vapor deposition of BN film 412 
Solid propellant for H2 generation 413 
Solid propellant for H2 generation 39 
Solid propellant for H2 generation 414 
Ceramic precursors 341, 415 
Epoxy curing agents 125 
Ceramic precursors 416 
Carbon fiber/BN composite 417 
CVD of BN nanotubes 418 

9. Conclusions 

The possible use of boron hydrides for chemical hydrogen storage is just the most current 
in a long line of government funded projects involving B-H compounds. During World War 
II a National Defense Research Committee contract was initiated at the University of 
Chicago under the direction of Schlesinger and Brown with the initial goal to prepare 
volatile compounds of uranium.419 Since aluminum and beryllium borohydride were 
already known to be the most volatile compounds of these metals, the proposal was to 
prepare uranium borohydride. The goal was never accomplished, but the research did 
lead to the development of improved processes for the preparation of NaBH4 and B2H6, 
which are used today (with only minor modifications) as the basis for the commercial 
manufacture of both of these chemicals in the USA. Unfortunately, the full results of these 
projects carried out at the University of Chicago during the war were not made public until 
a series of eleven articles appeared in 1953.419, 420 This work lead to the next major 
government funded project which occurred during the Cold War. 

In the mid to late 1950’s a concerted effort was made to develop a boron-hydride-based 
high-energy fuel for jets and rockets.421 This was code-named Project Hermes by the US 
Army and Project Zip by the US Navy. Both projects funded many academic 
investigations and the industrial partners even built pilot-scale production plants.421 The 
goal of a boron-based high-energy fuel for jets was never accomplished, but the research 
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did result in a wealth of technical information about the chemistry of boron hydrides, which 
was ultimately made public in the 1960’s.422 

Again we are faced with a project where boron hydrides could hold the key to success. 
However, we must learn from our past mistakes. One of the most serious mistakes during 
the high-energy fuels projects was the rush to achieve results at the expense of safety. 
This resulted in a total of five major accidents with eight people being killed.421 All of these 
accidents could have been prevented. We must not allow safety to be compromised 
during our work on Chemical Hydrogen Storage. 
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