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The doping of an organic backbone with boron and nitrogen has recently garnered significant attention in

the scientific community. In this context, the incorporation of borazine moieties into molecular scaffolds

has imparted unique (opto)electronic properties that differ substantially from those of their all-carbon

analogs. Despite their promising characteristics and potential applications in materials science, their

broader use is hampered by synthetic challenges. Specifically, the synthesis of borazine-containing com-

pounds often necessitates strictly controlled anhydrous conditions, prolonged reaction times, and the use

of hazardous starting materials and solvents. To address these limitations, we have developed an efficient

and more environmentally friendly catalytic protocol for the synthesis of B,B’,B’’-tri(aryl)borazines, avoid-

ing the use of both metals and solvents. By exploiting microwave-assisted heating, we optimized the reac-

tion conditions, significantly reducing reaction times while using triflic anhydride as a sub-stoichiometric

promoter and minimizing the amount of hexamethyldisilazane (HMDS) without compromising yield or

product integrity. The optimized reaction conditions, to the best of our knowledge, enabled the efficient

synthesis of a diverse array of substrates for the first time, providing a promising foundation for further

investigation into their potential applications in advanced materials development.

Green foundation
1. We have defined a protocol to address the issues related to the synthesis of borazine-containing compounds that often necessitate critical conditions and
established a catalytic protocol operating under solvent-free and microwave-assisted heating conditions.
2. Beyond the use of boronates as a safer, milder boron source compared to BCl3, the adoption of MW and solvent-free conditions led to significant benefits,
including a lower E-factor and improved EcoScale values.
3. This protocol enriches the synthetic repertoire for borazine chemistry and opens new avenues for further functionalization of N–H borazines in a sustain-
able manner.

Introduction

Back in 2005, the groundbreaking studies of S. Yamaguchi and
C. M. Che, respectively, on the synthesis of hexa-arylborazines
(HABs) and B,B′,B″-tri(aryl)borazines, turned the spotlight on
their importance for optoelectronic applications.1,2 Borazines,
the “valence isomers of benzene,” are six-membered hetero-
cycles with alternating B and N atoms.3 Due to the polarity of
the B–N bond, caused by an unequal electron sharing between
boron and nitrogen, borazines show an increase in the
HOMO–LUMO gap and reduced aromaticity compared to their
pure carbon analogs.4,5 These differences are mainly reflected

in exceptional optical applications, among others. In addition
to optoelectronic applications, borazine-based (molecular)
materials are among the ideal candidates for developing sus-
tainable catalysts for metal-free chemical transformations,
such as the use of hexamethyl borazine as a recyclable
trifluoromethylation reagent,6 as well as borazine-doped nano-
carbon-based catalysts for the sustainable production of vinyl
chloride.7

Over the years, further developments have expanded the
applications of these molecular entities across various
fields,8–10 including their use in the synthesis of boron nitride
(hBN) and hybrid boron carbon nitride (BCN),11 in metal and
covalent organic frameworks (MOFs and COFs,
respectively),12–14 polymers and ceramics,15 and for doping of
nanographene.16

Although we can now produce a wide range of HABs in a
waste-minimized continuous flow process,17–19 the existing†The authors contributed equally to this work.

Laboratory of Green S.O.C. – Dipartimento di Chimica, Biologia e Biotecnologie,

Università degli Studi di Perugia, Via Elce di Sotto 8, 06123 – Perugia, Italy.

E-mail: luigi.vaccaro@unipg.it; https://greensoc.chm.unipg.it/

This journal is © The Royal Society of Chemistry 2026 Green Chem.

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
3/

20
26

 1
0:

24
:2

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal

http://rsc.li/greenchem
http://orcid.org/0009-0006-1099-9155
http://orcid.org/0009-0000-1470-615X
http://orcid.org/0000-0003-4168-2303
https://greensoc.chm.unipg.it/
https://greensoc.chm.unipg.it/
http://crossmark.crossref.org/dialog/?doi=10.1039/d6gc01222a&domain=pdf&date_stamp=2026-05-22
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6gc01222a
https://pubs.rsc.org/en/journals/journal/GC


synthetic protocols for their B,B′,B″-aryl substituted counter-
parts, despite their remarkable chemical stability compared to
N,N′,N″-tri(aryl)borazines and potential applications in organic
light-emitting devices (OLEDs),2 are yet to be updated to
enable the synthesis of a broader range of aryl groups and
more eco-friendly production routes.

To the best of our knowledge, only a few reported methods
require high reaction temperatures and long reaction times to
exclusively synthesize B,B′,B″-tri(phenyl)borazine (Fig. 1).

The first synthesis of B-aryl substituted borazines was
reported by Nöth et al. in 1974.20 In particular, B,B′,B″-tri
(phenyl)borazine was obtained in 36% yield after 36 hours,
using benzene, a well-known human carcinogen, as the reac-
tion medium, via the reaction of dichlorophenylborane with
hexamethylcyclotrisilazane (HMCS). A similar procedure was
further conducted by Gruzinova and co-workers, where the
same molecule was obtained in 40% yield, starting from 2,4,6-
triphenylboroxine and HMCS.21

A few years later, Svatikov and co-workers studied the acid-
catalyzed synthesis of B,B′,B″-tri(phenyl)borazine from dibutyl
phenylborate, highlighting limited progress when using HMCS
(36% yield).22

Finally, in 2005, Nöth et al. successfully synthesized the
desired B,B′,B″-tri(phenyl)borazine using dichlorophenylbor-
ane and hexamethyldisilazane (HMDS), achieving an excellent
yield of 98%. However, this significant accomplishment is
overshadowed by the lengthy 10-day reaction time required at
55 °C to complete the transformation.23

Given this context and considering the recent statement
from the European Commission that energy production and
use contribute over 75% of the EU’s greenhouse gas emissions,
developing safer and less energy-intensive synthetic protocols
is crucial for advancing the decarbonization of the European
energy system.24 In this context, with the aim of developing a
functional-group-compatible and green-inspired synthetic pro-
tocol, we report herein a solvent- and metal-free Lewis acid-
catalyzed synthesis of B,B′,B″-tri(aryl)borazines.

We therefore decided to develop a metal-free procedure and
compare it with metal-free protocols to prevent metal coordi-
nation of the borazine –NH functionality and the well-known
challenges associated with removing metal contamination,
which can significantly complicate purification and negatively
impact the overall efficiency and ecological balance of the
process.

Employing microwave-assisted organic synthesis (MAOS)
and substituting boron halides with cyclic boronic acid esters
(boronates) collectively offer advantages from both synthetic
and environmental perspectives.

Following appropriate optimization of all the reaction para-
meters, a broad library of functionalized B,B′,B″-tri(aryl)bora-
zines was synthesized with high yields and short reaction
times. The use of tailored boronic esters allows for precise
functionalization of the aryl moiety, facilitating potential late-
stage functionalization and further development of novel
applications.

Results and discussion
Boron and nitrogen source screening

Method development was initiated by investigating various
boron and nitrogen sources, evaluated based on Lewis acidity/
basicity, thermodynamic stability, structural flexibility (boron-
site pyramidalization), intrinsic safety, and ease of preparation.
The objective was mainly to facilitate the formation of the B·N
Lewis adduct as the initial step in B–N bond formation while
minimizing the formation of linear oligomeric (B–N)n species,
thereby efficiently promoting borazine ring formation.25,26

Boronate candidates (Scheme 1), compared to boron
halides, are considerably less hazardous and more stable,
although the higher Lewis acidity of boron halides, such as
R-BCl2, offers a greater ability to form the borazine ring. On
the other hand, when boronic esters are compared with
boronic acids, they show a lower tendency for self-conden-

Fig. 1 Advancements in the synthesis methods for B,B’,B’’-tri(phenyl)
borazine over the years. SolFC: solvent-free conditions.
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sation, a fundamental prerogative for B–N condensation, and
enhanced Lewis acidity.27,28 This property can be attributed,
among other reasons, to the molecule’s geometry. Specifically,
boronic esters present a higher sp3 hybridized character com-
pared to sp2 hybridized boron in boronic acids, a feature that
might facilitate the planar-to-pyramidal shift that occurs upon
B–N complexation.29–31

Another critical point that must not be overlooked is the
boronic ester’s inherent stability and steric hindrance. Finch
and Lockhart’s 1962 study reported that, as the size of a cyclic
boronate increases, the formation of a boronate–amine adduct
occurs more slowly, resulting in greater instability.26 This is a
direct consequence of the intrinsic stability of cyclic boronates.
In fact, as the boronate ring size increases from five- to six-mem-
bered, the electron-donating effect becomes more pronounced,
reducing the Lewis acidity of the boron center. This, in turn,
decreases the overall reactivity of the boronic ester. In contrast, a
five-membered boronate will be more reactive, allowing the for-
mation of an irreversible B–N bond, because it can release
internal strain by adopting a tetrahedral boron configuration,
which, as previously specified, increases the corresponding
Lewis acidity. Steric hindrance also plays a non-marginal role.
Boronates with highly substituted rings are more sterically hin-
dered and less susceptible to B–N adduct formation.

Regarding the selection of nitrogen sources, the range of
choices is narrower than that for boron. Like boronates, the
nitrogen-containing molecule must be capable of participating
in the cyclocondensation reaction while also being compatible
with the boron-based partner. Aminosilanes such as hexa-
methyldisilazane (HMDS, 10) and hexamethylcyclotrisilazane
(HMCS) are the most promising candidates for synthesizing
B,B′,B″-aryl substituted borazines, based on previously reported
procedures.

The higher boiling point of HMCS can be beneficial as it
promotes thermal cleavage of the silicon–nitrogen bond.

However, the harsh conditions can shift the reaction toward
the formation of poly(iminoborane)s and boroxazine rather
than borazine.22 Given these considerations, commercially
available HMDS (10) was chosen as its nitrogen counterpart.

The experimental results shown in Table 1, conducted
under conventional heating, align with the previously men-
tioned hypothesis, confirming through entries 5 and 11 the
preference for five-membered over six-membered ring boro-
nates (32% vs. 15% isolated yield, respectively).

Boronic acid 2 (entry 6), acyclic boronic ester 3 (entry 7),
and boroxine 9 (entry 13) did not prove to be suitable starting
materials for our purposes. The latter two, in particular,
despite having been reported as viable substrates to access
B,B′,B″-tri(phenyl)borazine (11), failed to react under our
screening conditions. This could be attributed to the lower
temperature adopted (150 °C vs. the reported 180–280 °C) and
the absence of a catalyst (0.3% conc. H2SO4 and 1% KOH,
respectively).21,22

The scenario with the catechol-based boronic ester 8 (entry
12) is somewhat different. Although its Lewis acidity is higher
compared to other boronates,32 which is reflected in the accep-
table yield obtained, the reduced O-to-B-π-donation makes it
more susceptible to nucleophilic attack, even by water.33

As a result, 2-phenyl-1,3,2-dioxaborolane (1) was identified
as the most reactive boronic ester, offering not only increased
safety and stability but also a straightforward, adaptable prepa-
ration method for various substituents.

Catalyst/activator screening and reaction parameter
optimization

After determining the most suitable starting materials, our
focus shifted to developing an efficient synthetic protocol for
accessing B,B′,B″-tri(aryl)borazines. The first aspect taken into

Scheme 1 Boron sources considered for the synthesis of B,B’,B’’-tri
(aryl)borazines.

Table 1 Screening of the boron sourcea

Entry Boron source 10 (mL) T (°C) t (h) Isolated yield (%)

1 1 0.21 110 24 0
2 1 0.21 110 72 0
3 1 0.21 150 72 0
4 1 1.3 150 72 13
5 1 3 150 72 32
6 2 3 150 72 0
7 3 3 150 72 Traces
8 4 3 150 72 10
9 5 3 150 72 Traces
10 6 3 150 72 0
11 7 3 150 72 15
12 8 3 150 72 19
13 9 3 150 72 0

a Reaction conditions: 1–9 (1 mmol).

Green Chemistry Paper

This journal is © The Royal Society of Chemistry 2026 Green Chem.

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
3/

20
26

 1
0:

24
:2

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6gc01222a


consideration involved refining the reaction time and heating
method. Initially, the highest isolated yield was achieved
under conventional heating for 72 hours at 150 °C, yielding
32% of the corresponding borazine.

Aiming for a greener and less energy-demanding procedure,
we investigated transitioning to microwave-assisted organic
synthesis (MAOS), a non-conventional heating technology with
well-documented benefits.34 Indeed, microwave irradiation
offers considerable time and energy savings by enabling selec-
tive dielectric heating. This allows for the replacement of tra-
ditional solvents with greener alternatives or, when feasible,
the establishment of solvent-free procedures.

To assess the effectiveness of microwave irradiation, we per-
formed a reaction between 1a and HMDS (10) and bench-
marked it against conventional heating. The microwave-
assisted protocol delivered a comparable yield to that pre-
viously obtained under conventional heating (Table 1, entry 5),
while significantly reducing the reaction time to 5 hours
(Table 2, entry 1).

A catalytic system was explored to increase the reaction rate
further. Inspired by previously reported procedures,22 we first
tested 30 mol% H2SO4 while reducing the reaction time to 3 h,
but this did not lead to satisfactory results. Therefore, we
screened other known Lewis acids that might compensate for
the lower acidity of boronic esters compared to boron halides.

Different strong Lewis acids, such as BBr3, BCl3, AlCl3, or
FeCl3 (Table 2, entries 3–6), were explored without obtaining
satisfactory results. At this stage, selecting an acid with a lower
Hammett acidity (H0) value was crucial. Since sulfuric acid was
the only catalyst that yielded moderate results, we turned to a
superacid, such as triflic acid (TfOH).

The enhanced acidity of TfOH resulted in a higher isolated
yield of 49% (Table 2, entry 8), confirming the need for a stron-
ger acid catalyst.

On the other hand, the N–Si bond cleavage in HMDS can
also be promoted by using an acidic catalyst. In fact, several tri-
flate-based catalysts have been reported to facilitate reactions
involving the desilylation of HMDS.35,36 Among these, metal
triflates are frequently employed due to the Lewis acid–base
interactions between the electrophilic metallic center and the
basic N. However, as our study targets avoiding the use of sol-
vents, and since HMDS (10) works as a solvent-like excess
reagent, we hypothesized that the use of such metal salts
could increase the system’s heterogeneity. The lack of solubi-
lity could impede mass transfer or lead to inconsistent heating
profiles, ultimately compromising the reaction outcome.

To address this issue, we replaced the metal triflates by
testing their different liquid counterparts, such as trimethyl-
silyl trifluoromethanesulfonate (TMSOTf), a strong Lewis acid
known to catalyze carbohydrate silylation,37 tert-butyldimethyl-
silyl trifluoromethanesulfonate (TBDMSOTf), and triflic anhy-
dride (Tf2O). The latter, confirming our hypothesis, gave the
best results, yielding a good 75% isolated yield after 3 h of
irradiation at 150 °C (Table 2, entry 11).

After identifying the optimal reaction temperature and Tf2O
as the best activator, we focused on optimizing the remaining
parameters (Table 3) to improve the reaction yield. Initially,
increasing the concentration by reducing the amount of
HMDS (10) resulted in an 8% increase in yield (Table 3,
entry 1). This improvement showed that controlling the
amount of HMDS (10) directly influences the reaction
outcome. Building on this, we investigated reducing the reac-
tion time to 2 hours, which yielded results comparable to
those achieved with a longer duration (83% vs. 82%, Table 3,
entries 1 and 2). By further reducing the reaction time to
1.5 hours, we observed a 61% yield (Table 3, entry 3).

Table 2 Screening of acidic catalysts and activators under MW
irradiationa

Entry Catalyst/activator (30 mol%) t (h) Isolated yield (%)

1 — 5 31
2 H2SO4 3 38
3 BBr3 3 0
4 BCl3 3 Traces
5 AlCl3 3 0
6 FeCl3 3 0
7 BF3OEt2 3 <10
8 TfOH 3 49
9 TMS-OTf 3 <20
10 TBDMS-OTf 3 51
11 Tf2O 3 75

a Reaction conditions: 1a (1 mmol), 10 (3 mL), 150 °C.

Table 3 Reaction time and quantity of HMDS optimizationa

Entry Tf2O (mol%) 10 (mL) t (h) Isolated yield (%)

Control 30 3 3 75
1 30 2 3 83
2 30 2 2 82
3 30 2 1.5 61
4 30 1 1.5 98
5 30 1 1 98
6 30 1 0.5 60
7 15 1 1 32
8 60b 1 1 Traces

a Reaction conditions: 1a (1 mmol). b TfOH was used instead of Tf2O.

Paper Green Chemistry

Green Chem. This journal is © The Royal Society of Chemistry 2026

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
3/

20
26

 1
0:

24
:2

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6gc01222a


Building on the effects observed with reduced quantity of
HMDS (10), we further reduced its volume to 1 mL while main-
taining a reaction time of 1.5 hours. We also confirmed that
performing the reaction under more concentrated conditions
was advantageous, maximizing the isolated yield to an excel-
lent 98% (Table 3, entry 4). A further reduction in reaction
time led to a linear increase in isolated yield, with 1 hour
identified as the optimal duration for complete conversion
(Table 3, entry 5).

Finally, to complete the optimization stage, the Tf2O
amount was modulated. As reported in entry 7, reducing its
quantity to 15 mol% resulted in a significant decrease in the
isolated yield.

To gain further insight into the process, we investigated
whether the active species is represented by triflic anhydride
or triflic acid, the latter potentially formed via hydrolysis of
Tf2O. To this end, a control experiment under the optimized
conditions using 60 mol% TfOH was conducted, which proved
ineffective and afforded negligible conversion to the desired
product, with only a trace yield (Table 3, entry 8).

This implies that triflic anhydride (Tf2O) leads to the for-
mation of the active species under our developed conditions.

The scope and limitations of our protocol were therefore
investigated by expanding the substrate scope under the opti-
mized reaction conditions (Table 3, entry 5) to several aryl
decorated 2-aryl-1,3,2-dioxaborolanes (11–11r).

The method developed here proved to be highly efficient,
achieving excellent yields across a wide range of both electron-
withdrawing and electron-donating substituted substrates.
However, no discernible trend was observed in the product
yields of the previously mentioned decorated boronates
(Scheme 2).

Two critical factors were instead identified as non-negli-
gible in this reaction: the solubility of both the boronic ester
and the final product, and the steric hindrance near the boron
atom.

Isolated product yields significantly declined with increased
steric bulk adjacent to the boron, particularly with ortho-sub-
stituents. Specifically, a 96% yield was achieved with ortho-
positioned fluorine (11p), whereas larger substituents led to
no product formation (11q and 11r).

As is well known, incorporating boron and nitrogen in the
para position of polycyclic aromatic hydrocarbons (PAHs) can
tailor the HOMO–LUMO gap due to their opposite resonance
effects. This proves to be a crucial step for tuning opto-
electronic properties of materials.2,38

To explore novel frameworks in this field, product 11f was
synthesized.

Environmental sustainability assessment

To underscore the impact of the work presented here, we eval-
uated the environmental benefits of our established procedure
for the synthesis of B,B′,B″-tri(phenyl)borazine (11), as there
are direct literature examples available for comparison.

We focused specifically on the comparison of procedures
not involving the use of metal catalysts, which can complicate

the isolation processes, and the impact of metal should also
be considered in terms of cost and toxicity.

Initially, we focused on the E-factor, a key metric that quan-
tifies the environmental impact of a synthetic protocol by
measuring the mass ratio of waste to the desired product.39

As illustrated in Fig. 2, our method showed a significantly
lower E-factor (29.1), underscoring its enhanced sustainability
in terms of waste generation compared to other reported pro-
tocols (see Table SI-2 for further details).

Several improvements contributed to these green achieve-
ments. Above all, the absence of a reaction medium is defi-
nitely the parameter that most positively affects the E-factor.
Performing the reaction without solvents, due to the use of
HMDS (10) as both a reactant and the reaction medium, drasti-
cally minimized process-associated waste compared to the
reference methods. These, in contrast, use large volumes of
dangerous and toxic solvents (benzene, dichloromethane,
diethyl ether, and hexane) both during the reaction and, par-
ticularly, in the purification stages.20–23

In particular, by substituting these solvents in the purifi-
cation step with a safer alternative such as heptane and, at the
same time, reducing the volume required, we developed an
innovative isolation method that achieved the lowest E-factor
value among known procedures.

Another key aspect contributing to the excellent waste mini-
mization of our procedure is the elimination of metal catalysts
or additives. This also avoids the need for energy- and solvent-
intensive, time-consuming purification steps, which would
otherwise increase the overall environmental impact of the
protocol described.

As stated above, the E-factor focuses solely on the waste pro-
duced and, based on its amount, assigns a numerical value
indicating the less impactful route (the lower the waste, the
lower the E-factor score, the greener the procedure). However,
this metric fails to provide insights into productivity, technical
setups used across procedures and alternative materials that
offer safer and more cost-effective options than the commonly
used ones.

Simple and fast tools that consider these parameters
include the space–time yield (STY) and EcoScale.

The first metric expresses process performance in terms
of product generation, related to reaction volume and
time (g L−1 h−1).

As illustrated in Fig. 2, our process proved to be the most
efficient among those reported in the literature (see Table SI-3
for further details), achieving an impressive 85.16 g L−1 h−1.
This result is largely attributed to the brief reaction time (1 h)
and the lack of a reaction solvent, which significantly restricts
the reaction volume.

Regarding the EcoScale, it is a web tool designed to define
the green quality of a synthetic procedure, which takes into
account not only the benignity of reagents, additives, solvents,
and catalysts but also the costs, the experimental method-
ologies, and the new technologies employed.40

As shown in Fig. 3, our procedure, yielding an EcoScale
value of 66, is the least impactful among the methods con-
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Scheme 2 Substrate scope of the triflic anhydride-catalyzed synthesis of B,B’,B’’-tri(aryl)borazines 11–11r. Reaction conditions: 1–1r (1 mmol) and
10 (1 mL).
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sidered (see Table SI-4), confirming the findings from the
E-factor calculations.

In particular, the limited reaction time (1 h),the increased
reaction rate and conversion mediated by MW irradiation, in
addition to a safer isolation procedure, proved to be crucial
factors for the significant sustainability enhancement.

An additional sustainability assessment was taken into
account when selecting the purification solvent. As previously
explained, the E-factor was used to evaluate the waste pro-
duced; with the STY, we assessed process productivity; and by
calculating the EcoScale, we provided a clear view of the overall
process greenness. Actually, we have not yet focused on one of
the principal upgrades we provided, that is the use of a more
benign solvent, i.e., heptane, in contrast to those (hexane,
benzene, and diethyl ether) used by its literature reference
counterparts, which, alongside dipolar aprotic solvents, are
among the most toxic and hazardous for both human health
and the environment.41 To quantify this benefit, we calculated
the Safety/Hazard Score (SHS) proposed by Andraos,42 which

considers the intrinsic toxicological profile and the operational
chemical-associated risk of an input material or process.

The final SHS value was derived by considering a wide
selection of impact categories Ω (CGP: corrosiveness potential
as a gas; CLP: corrosiveness potential as a liquid; FP: flamm-
ability potential; OBP: oxygen balance potential; XVP: explosive
vapour potential; OELP: occupational exposure limit potential;
SDP: skin dose potential; and RPP: risk phrase potential), with
their sum (∑Ω) providing the overall safety/hazard score.

The SHS related to heptane is lower (7.402) than the others,
confirming its higher safety (Table 4). As detailed in
Table SI-5, the lower magnitude of this value is mainly depen-
dent on heptane’s limited OELP, SDP, and RPP categories,
which, in contrast, significantly impact benzene, diethyl ether,
and hexane, respectively.

Conclusions

In conclusion, we developed an optimized synthetic protocol for
the synthesis of B,B′,B″-tri(aryl)borazines, achieving notable
efficiency and environmental benefits. Our evaluation of alterna-
tive boron and nitrogen sources identified 2-phenyl-1,3,2-dioxa-
borolane (1) and hexamethyldisilazane (10) as the ideal reagents.
The application of microwave-assisted organic synthesis, along
with triflic anhydride as a strong Lewis acid activator, significantly
enhanced product yields while drastically reducing reaction
times. Moreover, the use of HMDS (10) as both a reactant and the
reaction medium, combined with the avoidance of metal-based
catalysts or additives, enabled a streamlined work-up process that
led to a considerably lower E-factor compared to existing
methods, underscoring the limited environmental impact of the
developed protocol, as confirmed by the EcoScale value.

The versatility of our method was further demonstrated by its
compatibility with various functional groups, enabling the syn-
thesis of valuable borazine derivatives. Overall, this work enriches
the synthetic repertoire in borazine chemistry and highlights the
importance of establishing more environmentally benign pro-
cesses and practices in chemical research and development.
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