JOURNAL OF

pubs.acs.org/jchemeduc

Designing and Using a Safer, Greener Azole Oxamide for
Chemiluminescence Demonstrations

&

Fabrizio Roncaglia

Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia, Via Campi 103, 41125 Modena, Italy
© Supporting Information

ABSTRACT: The oxamide of 1H-benzotriazole, identified with the guidance of Green
Chemistry Principle no. 4, was successfully employed in chemilumiscence demontrations. Its
synthesis is highly convenient, as it can work without sacrificial bases.
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resulting in a short-lived excited state (F*) that will relax back O\H)J\O O H 2
to the ground state, emitting a photon of light. The term (O\iéH B n_ Q---Q °F
chemiluminescence (CL), i.e., light emission from a chemical F
reactiorll, is used when a chemical reaction serves as the energy “F is the fluorescer, a substance able to convert chemical energy into
source. This phenomenon resembles the well-known flame light (hv). Electron transfer (ET) and the related return process (back
tests for metal recognition, in which the flame energy promotes ET) describe the interchange processes between I or II and F.

electronic transitions.

The most efficient known nonenzymatic chemiluminescent
system is based on the reaction between an oxalic acid in Figure 1. Activated amides like 1,1’-oxalyldiimidazole (ODI)
can work pretty well too.”*

Peroxyoxalate CL has been employed in several analytical
and commercial applications"’() as well as for didactical

. 7 . . . .
decomposition of I or II through electron interchange, giving demonstrations,” adding high attractiveness to chemical

rise to chemically initiated electron exchange luminescence sciences. Anyway, a safety issue comes out when classical
(CIEEL). oxalates (TCPO and DNPO) are employed because the parent

phenols, generated as byproducts of the chemiluminescence

demonstration (ArOH in Scheme 1), are toxic and/or
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suspected carcinogens.”™ Accordingly, these systems are not

suitable for use in schools, nor should they be marketed.®” ODI

derivative and hydrogen peroxide.” The ensuing unstable
peroxyoxalate decomposes exergonically to CO, via inter-
mediate I or II (Scheme 1). An appropriate F can mediate the

Since I or II can also decompose by alternative routes, to
obtain efficient luminescence through CIEEL, the electro-
philicity of the starting oxalate and the reaction conditions must
be carefully tailored. For example, oxalyl chloride is highly
reactive and produces only a short luminescence flash, while
alkyl oxalate esters do not react at all.”® Suitable compounds are Received: December 23, 2016
activated esters such as bis(2,4,6-trichlorophenyl)oxalate Revised:  June 14, 2017
(TCPO) and bis(2,4-dinitrophenyl)oxalate (DNPO), shown Published: July 11, 2017
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Figure 1. Active compounds used in peroxyoxalate chemiluminescence
systems. Typical examples (TCPO, DNPO, ODI) and greener
alternatives (DVO, DMO, ODBT) are shown.

(Figure 1) has similar issues, as the parent imidazole may be
associated with birth defects (GHS code H360D).*

The green chemistry (GC) approach strives to achieve
sustainability at the molecular level, reducing hazards across all
of the life-cycle stages.’” The Twelve Principles of Green
Chemistry address a range of ways to improve the safety and
sustainability of chemical substances. The indications within
GC Principle no. 4 (GC4), safer products by design, prove to be
rather useful upon inspection of the compounds shown in
Figure 1. A common structural feature responsible for the
desired function (activated oxalate) and a molecular portion
responsible for side effects (leaving groups, LGs) can be
promptly identified. In agreement with that, oxalic acid
derivatives containing less toxic LGs were recently studied,
such as divanillyl oxalate (DVO) (LG = vanillin)'® and
dimethylsalicyl oxalate (DMO) (LG = methyl salicylate).'"
Going on with this line of thought, it was observed that
benzoazoles sometimes have a better toxicological profile than
the corresponding azoles, so 1,1"-oxalyldibenzotriazole (ODBT,
1,2-bis(1H-benzo[d][1,2,3]triazol-1-yl)ethane-1,2-dione) (Fig-
ure 1) was identified as a safer, promising agent. Furthermore, it
proved to be a very efficient chemiluminescent agent. Known
1,1’-oxalyldibenzoimidazole (ODBI, 1,2-bis(1H-benzo[d]-
imidazol-1-yl)ethane-1,2-dione) appeared to be safe as well,""
but in our hands gave only short-lived luminescence (see the
Supporting Information).

The synthesis of ODBT (Scheme 2) is practical and follows a
standard method for the acylation of amines but intriguingly
does not require the use of any sacrificial base.'” This seems to

Scheme 2. Synthetic Method To Prepare ODBT from BtH
and OXCL
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be related to the thermal decomposition of the triazolium salt
that occurs shortly after formation. Oxalyl chloride (OXCL), as
a 1 M solution in EtOAc, is added dropwise at room
temperature to a stirred solution of benzotriazole (BtH) in
EtOAc. After the mixture is heated at 45 °C overnight, ODBT
is cleanly formed and then isolated by simple filtration (92%
yield).

The opportunity to avoid the addition of the sacrificial base
improves the sustainability of the method on three sides:” (i)
current safety data sheets (SDSs) indicate that Et;N is less safe
than oxalyl chloride (GC3: less hazardous chemical synthesis);™
(ii) no ammonium chloride is generated (GC1: waste prevention
instead of remediation); and (iii) as a consequence (ii), the
aqueous wash can be avoided, with good workup simplification
(GC1). As a final note regarding the solvent, GCS (safer
solvents and auxiliaries) spurred us to change the originally
employed Et,O to EtOAc."”

B DEMONSTRATION

For the CL test, ODBT (S0 mg), 9,10-diphenylanthracene (1
drop of a 0.02 M solution), and H,0, (1 drop of a 35%
aqueous solution) were suspended in BuOAc (S mL) inside a
10 mL vial with a screw cap. Addition of Na,HPO, (10 mg)
and a drop of 10% aqueous NaOH started the luminescence.
An intense blue light, sustained by gentle heating and shaking,
was visible for at least 30 min in a darkened room.

The CL test can be easily scaled up 10 or 20 times and shows
good sensitivity to product impurities, so it can also be used as
a qualitative analytical tool. IR spectroscopy as well as melting
point determination can be used if a more quantitative
approach is preferred (see the Supporting Information). The
substitution of 9,10-diphenylanthracene with fluorescers
coming from renewable resources such as chlorophyll' can be
a further step toward sustainability (GC7: use of renewable
feedstocks).

B HAZARDS

As often happens with organic compounds, all substances
including solvents (except oxalyl chloride) are flammable
(H225, H226), so sparks or flames must be avoided. Oxalyl
chloride is a toxic volatile acyl chloride, so contact with skin or
eyes (H314), inhalation (H331, H335), and ingestion (H302)
must be avoided. It must be handled with gloves, safety goggles,
and possibly behind the glass of an extractor hood. Using a
premade 1 M solution facilitates handling. Concentrated
aqueous H,0, used in the CL tests is corrosive (H302) and
can cause serious eye damage (H318), so it requires gloves and
safety goggles. The 10% aqueous NaOH solution behaves
similarly (H314). Ordinary attention must be taken with BtH
(eye irritant, H319; harmful for ingestion or inhalation, H302
and H332; harmful for aquatic organisms, H412), EtOAc (eye
irritant, H319; may cause drowsiness or dizziness, H336), and
BuOAc (H336). As a solid nonvolatile compound, ODBT
should be safe in handling and should display little toxicity.
With regard to its structural feature of three adjacent nitrogen
atoms, it must to be noted that like other acylbenzotriazoles,
which have been extensively used as “tamed acyl chlorides” by
Katritzky and co-workers,"”"* ODBT should possess consid-
erable stability and a good safety profile."*
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B CONCLUSIONS

ODBT constitutes an appealing example of a chemiluminescent
agent with very low toxicity that is easy to prepare and able to
generate an intense and durable visual effect. In contrast to
similar agents, its synthesis does not require sacrificial bases,
resulting in considerable advantages with regard to handling of
toxic reagents, generated wastes, and workup practice. This
experiment was successfully proposed within the Applied
Organic Chemistry course taught in the third year of the B.Sc.
in Chemistry. It fits well with use in universities as well as in
high school laboratories, as it is cheap, avoids problematic
reagents, uses green and recyclable solvents, and does not
require refined analytics.
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