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Abstract: Aromatic compounds containing triazenyl groups (N3RR’) 

have a profound impact on synthetic organic and medicinal chemistry. 

In contrast, the chemistry of vinyl and alkynyl triazenes was a largely 

uncharted territory until recently. The situation has changed over the 

last five years, and it has become apparent that vinyl and alkynyl 

triazenes are highly interesting compounds with a unique reactivity. 

The electron-donating properties of the triazenyl group provide alkynyl 

triazenes with an ynamide-like reactivity, which can be exploited in 

reactions of the triple bond. Vinyl triazenes, on the other hand, can be 

used for electrophilic vinylation reaction. The foundation for this new 

triazene chemistry are synthetic pathways, which allow preparing vinyl 

and alkynyl triazenes in few steps from readily available starting 

materials. In this Minireview, we summarize recent developments in 

this area. 

1. Introduction

Aryl triazenes of the general formula Ar-N1=N2-N3RR’ are
known for more than 150 years, and the chemistry of these 
compounds has been described in several review articles and 
monographs (Scheme 1).[1] In contrast, there were – until recently 
– only few reports about triazenes with vinyl groups attached to
N1, and 1-alkynyl triazenes were unknown until 2015. In this
Minireview, we discuss the chemistry of vinyl- and alkynyl
triazenes. We will show that these compounds display a unique
reactivity, and that they are highly attractive reagents for synthetic
organic chemistry. But to set the stage, we would like to recap
briefly some key properties and applications of aryl triazenes.
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Scheme 1. 1-Aryl-, 1-vinyl-, and 1-alkynyl triazenes. 

The most commonly used route for the synthesis of aryl 
triazenes is the diazotization of anilines, followed by reaction with 
primary or secondary amines (Scheme 2A). 
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Scheme 2. Synthesis and reactivity of aryl triazenes. 

For applications, 1-aryl-3,3-dialkyltriazenes are particularly 
attractive. These compounds display high stability towards bases 
and reducing agents.[2] Upon addition of Brønsted or Lewis acids, 
however, the triazene group can be replaced by a broad range of 
other functionalities (Scheme 2B).[1] The substitution reactions 
proceed by acid-induced rupture of the N2-N3 bond.[3] The 
resulting diazonium ion can then undergo subsequent 
transformations. In view of this reactivity, aryl triazenes are often 
referred to as ‘masked diazonium salts’.[1,4] The facile conversion 
of Ar-N3RR’ into Ar-X compounds is a key characteristic of aryl 
triazenes, which has enabled different applications. For example, 
substitution reactions were employed in the context of natural 
product synthesis,[5] and they are the basis for the use of polymer-
supported reagents with triazene linkers.[6,7] The possibility to use 
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aryl triazenes as a stable diazonium source[8] has also been 
exploited in the context of materials chemistry. For example, aryl 
triazenes were used for the surface modification of silicon,[9] 
carbon nanotubes,[10] glassy carbon and gold electrodes.[11] 

The triazene groups are Lewis bases, which can serve as 
directing groups in metal-mediated ortho C-H or C-X 
functionalization reactions (Scheme 2B).[1c,5c-d,12] The products 
can be further transformed into heterocycles, and polyaromatic 
hydrocarbons. A superior metal coordination is observed for 
anionic, difunctionalized triazenes, which have been used 
extensively as ligands for transition and main group metals 
(Scheme 2B).[13] 

Apart from synthetic applications, triazenes have been 
investigated extensively in the context of medicinal chemistry.[14] 
Two triazene-based drugs, dacarbazine and temozolomide 
(Scheme 3), are employed in the clinic as anticancer agents. 
Dacarbazine is used for the treatment of melanoma and 
Hodgkin’s lymphoma, whereas temozolomide is used to treat 
brain tumors.[15] In the body, both compounds liberate the methyl 
diazonium ion,[14,16] which can alkylate guanine in DNA, ultimately 
leading to cell apoptosis.  
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Scheme 3. Triazenes as anticancer drugs. 

2. Alkynyl Triazenes 

Given the importance of aryl triazenes, it may seem surprising 
that other unsaturated triazenes had hardly been studied until 
recently. For alkynyl triazenes, there is a simple explanation: the 
standard procedures to make aryl triazenes cannot be used for 
the synthesis of alkynyl triazenes, either because the required 
starting materials are unstable (e.g. alkynyl azides), or because 
other products are obtained.[17] In 2015, our group discovered a 
method for the preparation of alkynyl triazenes using an unusual 
reagent: gaseous nitrous oxide (N2O).[18,19] When N2O (1 atm) is 
combined with lithium N,N-dialkylamides in THF, 
aminodiazotates[18b] are formed. Upon addition of alkynyl 
Grignard reagents and gentle heating, alkynyl triazenes are then 
obtained in good yields (Scheme 4A). 

It is worth noting that alkynyl triazenes are easy to work with: 
they can be purified by chromatography on triethylamine-
deactivated silica, they are not particularly sensitive to air or 
moisture, and their thermal stability is good (e.g. toluene solutions 

of some alkynyl triazenes can be heated to 100 °C without 
noticeable decomposition). 

The dialkyltriazenyl group is electron-donating, leading to a 
polarization of the triple bond. This polarization is reflected by a 
possible resonance structure, which shows a negative charge at 
the beta carbon atom and a positive charge at N3 (Scheme 4B). 
A similar zwitterionic resonance structure has been discussed for 
ynamides, which represent highly valuable reagents in synthetic 
organic chemistry.[20] Consequently, the question arose of 
whether alkynyl triazenes would display an ynamide-like reactivity. 
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Scheme 4. Synthesis and reactivity of alkynyl triazenes. THF: tetrahydrofuran, 
EWG: electron-withdrawing group. 

First evidence for a functional analogy between alkynyl 
triazenes and ynamides was observed in reactions with acids. As 
described in the Introduction, triazenes tend to be acid-sensitive. 
However, reactions of alkynyl triazenes with different Brønsted 
acids did not result in cleavage of the triazene group. Instead, a 
clean cis-addition to the triple bond was observed 
(Scheme 4C).[21] The regioselectivity of the addition reflects the 
polarization of the triple bond, with protonation occurring at the 
nucleophilic beta carbon atom. 

Subsequent studies showed that alkynyl triazenes are able to 
undergo [2+2] cycloadditions with ketenes (generated in situ from 
acyl chlorides), [3+2] cycloadditions with a donor-acceptor 
cyclopropane, and reactions with tetracyanoethylene 
(Scheme 5).[21] Similar transformations had been reported for 
ynamides.[22] The results therefore corroborated the notion that 
alkynyl triazenes are activated alkynes with an ynamides-like 
reactivity. It is worth pointing out that the reactions shown in 
Scheme 5 all produce vinyl triazenes, the chemistry of which will 
be discussed in more detail in the next section of this review. 
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Scheme 5. Reactions of alkynyl triazenes with ketenes (generated in situ), with 
a donor-acceptor-substituted cyclopropane, and with tetracyanoethylene. 

The ability to add HX selectively to the triple bond of alkynyl 
triazenes was further demonstrated by acetic acid-mediated 
addition reactions of H2O (Scheme 6A).[23] This transformation 
leads to the formation 1-acyl triazenes, which had not been 
reported before. Acyl triazenes were also obtained by gold-
catalyzed reactions with pyridine-N-oxide, or by oxyhalogenation 
with N-bromo- or N-chlorosuccinamide (NCS and NBS).[23] The 
acyl group at N1 position has a strong influence on the physical 
and chemical properties of the triazenes. Crystallographic 
analyses show extremely short N2−N3 bond lengths, and the 
energy barrier for rotation around this bond is much higher than 
what has been reported for other triazenes. Acyl triazenes are 
thermally robust compounds, and bases or oxidants are well 
tolerated. Under acidic conditions, acyl triazenes act as acylating 
agents (Scheme 6B). 
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Scheme 6. Synthesis and reactivity of acyl triazenes. 

Alkynyl triazenes with propargyl groups can be isomerized 
with KOtBu into allenyl triazenes (Scheme 7).[24] The latter display 
only moderate thermal stability, and this fact might limit synthetic 

applications. However, depending on the substitution pattern, 
they can be hydrolyzed or isomerized to give more stable vinyl 
triazenes. The Lewis acid ZnCl2 induces a rearrangement into 
N-aminopyrazoles. 
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Scheme 7. Synthesis of allenyl triazenes. 

In the presence of gold catalysts, propargyl-based alkynyl 
triazenes can undergo coupling reactions with imines to give 
1,3-diaminopyrazole derivatives in moderate to good yields 
(Scheme 8).[25] As in the case of the ZnCl2-induced 
rearrangement of allenyl triazenes (Scheme 7), the N3R2 group is 
involved in the transformation. This finding shows that alkynyl 
triazenes can undergo transformations, which are distinct from 
those of other activated alkynes such as ynamides. 
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Scheme 8. Synthesis of N-aminopyrazoles from alkynyl triazenes. DCE: 
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Aryl triazenes can be obtained from the corresponding 
aromatic amines by diazotization and addition of dialkylamines 
(Scheme 1A). However, the required aniline derivatives can be 
expensive or difficult to access. Ru-catalyzed [2+2+2] 
cyclotrimerization reactions between tethered diynes and alkynyl 
triazenes can be used as an alternative way to build densely 
substituted aryl triazenes (Scheme 9A).[26] The reaction is carried 
out with [Cp*RuCl2]2 (Cp* = pentamethylcyclopentadienyl) as 
catalyst precursor, and it gives the cyclization products with high 
regioselectivity.  

A similar methodology can be used to access pyridyl triazenes 
(Scheme 9A). Two possibilities have been explored: a) reactions 
of tethered alkynyl nitriles with alkynyl triazenes, and b) reactions 
of diynyl triazenes with nitriles. The former cyclization is best 
performed in 1,4-dioxane with [Cp*Ru(MeCN)3]PF6 and a halide 
additive, whereas the latter can be achieved with [Cp*RuCl2]2. The 
regioselectivity of these reactions is also very good. 

Prior to these studies, the reactivity profile of pyridyl triazenes 
had not been explored in detail. It turned out that the triazene 
group can be converted into a variety of important functional 
groups, including fluoride (Scheme 9B).[26] These findings 
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underline the potential of aromatic triazenes in divergent organic 
synthesis. 

In the context of these investigations, the coordination 
chemistry of Cp*RuCl and alkynyl triazenes was studied. 
Crystallographically characterized adducts include a Cp*RuCl(2-
alkyne) complex and a Cp*RuCl(2-cyclobutadiene) complex. The 
latter is catalytically inactive, and its formation might be involved 
in catalyst deactivation.[26]  
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Scheme 9. Synthesis of densely substituted arenes and pyridines by Ru-
catalyzed [2+2+2] cycloadditions. 

Annulation reactions involving C-H activation represent 
another possibility to incorporate alkynes into arenes.[27] In order 
to access polycyclic heteroaryl triazenes, alkynyl triazenes were 
coupled to phenyl-substituted imidazoles, indoles, and sydnones 
by Cp*Rh-catalyzed double C-H or C-H/N-H activation reactions 
(Scheme 10A).[28] 
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Scheme 10. Oxidative C-H annulation reactions with alkynyl triazenes. 

For reactions with phenyl-substituted imidazoles and indoles, 
the yields (49–82%) were affected to some extend by degradation 
of the acid-sensitive alkynyl triazenes. Better yields were obtained 
for reactions with phenylsydnone, which could be performed 
under milder conditions (RT). The resulting coupling products 
were used for subsequent orthogonal transformations 
(Scheme 10B).[28] The sydnone moiety allowed for post-
functionalization via 1,3-dipolar cycloadditions, whereas the 
triazene group could be substituted by a range of functional 
groups (e.g. azide, bromide, or iodide). 

Besides oxidative C-H activation reactions, alkynyl triazenes 
have been used as substrates in redox-neutral annulation 
reactions with N-(pivaloyloxy)acrylamides.[29] The Cp*RhIII-
catalyzed reactions were found to proceed with Lossen 
rearrangement to give 4-triazenyl-2-pyridones with high selectivity. 
These triazenes can be converted in-situ with HF-pyridine into 
4-fluoro-2-pyridones. The results highlight the utility of alkynyl 
triazenes as surrogates of unstable fluoroalkynes. 
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Scheme 11. Synthesis of fluoropyridones via Rh-catalyzed C-H annulation. 
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Ir-catalyzed [3+2] cycloaddition reactions of alkynyl triazenes with 
azides were used to prepare triazenyl triazoles under mild 
conditions in high yields (Scheme 12A).[30] The products can be 
converted into 5-amino triazoles by reduction with Raney-Ni 
(Scheme 12B). Further functionalization was achieved by 
diazotization and nucleophilic substitution. 

R' N
N N

R

R

+

[IrCl(cod)]2
(2 mol%)

DCMR'' N3

N N
N R''

NR' N
N

Ni-Raney

MeOH
N N

N R''

NH2R'

A Synthesis of triazolyl triazenes (Ir catalysis)

B Reduction to aminotriazoles

N N
N R''

NR' N
N

R

R

tBuONO

Nu
N N

N R''

XR'

X: Cl, Br, N3, Ar

33 examples
78-98%

 

Scheme 12. Ir-catalyzed [3+2] cycloaddition reactions with azides. DCM: 
dichloromethane, cod: 1,5-cyclooctadiene. 

 

3. Vinyl Triazenes 

The synthesis of triazenes from azides and Grignard reagents 
was first described in 1903 by Dimroth.[31] He found that MeMgI 
and phenylazide forms an adduct, which can be hydrolyzed to 
give the disubstituted triazene PhN3HMe. More than 60 years 
later, a similar route was used by Miller and Jones to make vinyl 
triazenes.[32] They have combined triarylvinyl Grignard reagents 
with aryl azides to make triazenes of the general formula 
Ar2C=CAr(N3HAr) (Scheme 13A). Soon after, structurally related 
vinyl triazenes were reported by Akimova and co-workers.[33] 
However, it was noted by Miller that the scope of this methodology 
is limited.[34]  
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Scheme 13. Synthesis of vinyl triazenes. 

The synthesis of a triazene with a simple ethenyl substituent 
was reported by Gaudiano et al..[35] The compound was prepared 
by reaction of a sulfoxonium ylide with p-nitrophenyl azide 
(Scheme 13B). The nitro group on the azide was found to be 
crucial for the success of the reaction, with other aromatic azides 
giving triazolines instead of triazenes. 

Instead of coupling of metallated olefins with azides, it is 
possible to couple vinyl azides with organometallic reagents. This 
approach was used by Hassner and co-workers for the synthesis 
of triazenes such as tBuC=CH(N3HMe) (Scheme 13C).[36]  

The base-induced conversion of 2-chloroethyl triazenes into 
vinyl triazenes was investigated by Smith and co-workers 
(Scheme 13D).[37] The elimination reactions can be achieved with 
weak bases such as alkylamines. However, side products due to 
de-acylation were observed for some substrates. 

The methods depicted in Scheme 13A–C all give 
disubstituted vinyl triazenes, which can exist in two tautomeric 
forms (RNH-N=N-R’ and R-N=N-NH-R’). Triazene tautomers can 
display different reactivity,[1,38] and it is therefore desirable to work 
with trisubstituted vinyl triazenes. One possibility is the 
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postsynthetic alkylation or acylation of the N-H group of 
disubstituted triazenes,[39] but these reactions can give rise to 
product mixtures. We have explored synthetic routes, which 
directly provide trisubstituted vinyl triazenes. 

As discussed in the previous section, the reaction of lithium 
dialkyl amides with nitrous oxide gives aminodiazotates. When 
mixed with vinyl Grignard reagents, vinyl triazenes are formed in 
good yields (Scheme 13E).[18] Due to the presence of two alkyl 
groups, the triazenes display increased stability, allowing for a 
chromatographic purification on deactivated silica gel. 

In 2018, we have reported a variant of the Grignard-azide 
route, which gives directly trisubstituted vinyl triazenes. The 
reactions are enabled by the azide reagents 1-azido-4-
iodobutane or 4-azidobutyl-4-methylbenzenesulfonate, which 
contain an alkylating part.[40] Combined with vinyl Grignard 
reagents, vinyl triazenes with pyrrolidine group are obtained in a 
single step. The reaction works equally well with aryl Grignard 
reagents, but not with alkynyl magnesium compounds. For 
synthesizing alkynyl triazenes, the N2O-based method described 
in Scheme 4A is the only option so far. 

A key limitation of the reactions discussed above is the 
utilization of a strongly nucleophilic organometallic reagent 
(RMgX or RLi), which compromises the functional group 
compatibility. In order to prepare structurally and functionally 
complex vinyl triazenes, addition reactions to alkynyl triazenes 
are an interesting option (Scheme 13G). Some selected reactions 
were shown in the previous section (Scheme 5), and additional 
examples are given below. But first, we would like to discuss the 
general reactivity of vinyl triazenes. 

Vinyl triazenes are susceptible to acid-induced cleavage 
reactions. In analogy to the general reactivity of aryl triazenes, it 
is assumed that the acid promotes a rupture of the N2-N3 bond, 
generating a vinyl diazonium ion (Scheme 14). The latter is prone 
to lose dinitrogen[41] to give a vinyl cation, which can then engage 
in reactions with nucleophiles.  
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Scheme 14. Reactivity of vinyl triazenes. 

First experimental evidence that vinyl triazenes can serve as 
precursors for vinyl cations was reported by Miller and Jones.[32] 
They have studied reactions of Ar2C=CAr(N3HAr) triazenes with 
oxo acids, and they observed liberation of dinitrogen and 
replacement of the N3HAr group with oxo acid anions. The 
transformations were accompanied by 1,2-aryl shifts, which are 
characteristic for reactions involving vinyl cations. Subsequent 
studies by Lee et al. with 14C-labelled triazenes corroborated the 
findings.[42] 

Vinyl cations are well suited for electrophilic vinylation 
reactions, and the generation of these highly reactive 
intermediates has received considerable interest.[43] Vinyl cations 
are typically produced by heterolytic C-X bond cleavage[44] or by 
reaction of cationic electrophiles with alkynes.[45] Despite the 
promising pioneering studies by Jones,[32] the utilization of vinyl 
triazenes as vinyl cation precursors has been neglected until 

recently. Following the discovery of new protocols for the 
synthesis of vinyl triazenes (Scheme 13E–G), different 
substitution reactions have now been studied. These 
investigations have shown that vinyl triazenes are versatile and 
convenient surrogates for vinyl cations. 

First evidence that the triazene group can be replaced by 
functions other than oxo acids was provided in 2017.[46] In 
collaboration with the group of Cramer, we have investigated 
[2+2] cycloaddition reactions between alkynyl triazenes and 
bicyclic alkenes in the presence of a Ru catalyst with a chiral 
cyclopentadienyl ligand. The reactions give a broad range of 
cyclobutenyl triazenes in good yields and with high 
enantioselectivity (Scheme 15A). 
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Scheme 15. Synthesis and reactivity of cyclobutenyl triazenes. mCPBA: meta-
chloroperoxybenzoic acid. 

 
In the presence of Brønsted acids, the triazene functionality 

can be replaced by a variety of groups including halides, alkoxides, 
sulfides, arenes, heteroarenes, and amides, providing access to 
a pool of chiral polycyclic compounds (Scheme 15B). In most 
cases, the substitution reactions occur without racemization, but 
for weak nucleophiles and for triazenes featuring a phenyl 
substituent adjacent to the triazene function, some erosion of the 
enantioselectivity was observed. These findings are in line with 
the proposed vinyl cation intermediate. Triazene cleavage in the 
presence of water gives a cyclobutanone, which can be further 
transformed into lactones. 

Cyclobutenyl cations are particularly stable vinyl cations.[47] In 
order to demonstrate that substitution reactions are also possible 
with ‘normal’, non-cyclic vinyl triazenes, cleavage reactions with 
Me2C=CPh(N3C4H8) were investigated (Scheme 16).[40] Under 
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acidic conditions, it was possible to introduce butylsulfides, 
amides, fluoride, methoxide, and a phosphonate. The Michaelis-
Arbuzov-type reaction with P(OEt)3 represents the first metal-free 
synthesis of a tetrasubstituted alkenyl phosphonate. 

Ph

F

Ph

OMe

Ph

NHAc

Ph

SBu

Ph

N N
N

Ph

PO(OEt)2

54%

73%

HFꞏPy

30%

71%

79%

TFA
BuSH

TFA
MeOH

TFA
MeCN

TFA
P(OEt)3

 

Scheme 16. Acid-mediated cleavage reactions of a vinyl triazene. TFA: 
trifluoroacetic acid, Py: pyridine. 

As illustrated below, vinyl triazenes are also accessible by Pd-
catalyzed addition reactions to alkynyl triazenes (Scheme 17).[48] 
Hydrogenation over Lindlar’s catalyst leads to the formation of Z-
vinyl triazenes in high yields. Vinyl triazenes with aryl groups at 
C can be prepared by hydroarylation reactions with arylboronic 
acids. An advantage of this reactions is the possibility to prepare 
vinyl triazenes with functional groups such as amines, aldehydes, 
and esters, which could be used for further synthetic 
transformations. The haloallylation of alkynyl triazenes gives 
tetrasubstituted vinyl triazenes. The products can serve as 
substrates in Suzuki coupling reactions, providing differentially 
substituted vinyl triazenes. 

R N
N NiPr2

Lindlar cat. 
(5 mol%)

N N
NiPr2

RH2 (1 atm)

PdCl2(PPh3)2 
(5 mol%)

15 examples
61-94%
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NO2, CO2Et, CN
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Tol-B(OH)2 Ph N N
NiPr2

83%

Ph N N
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A Synthesis of vinyl triazenes (Pd catalysis)
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H H

N N
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R

H ArFG

N N
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R

Hal
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72-98%
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Scheme 17. Synthesis of vinyl triazenes by Pd-catalyzed addition reactions. 

Aryl boronic acids with functional groups in ortho position can 
undergo RhI-catalyzed annulation reactions with alkynyl triazenes 
to give indenyl triazenes (Scheme 18).[49] The regioselectivity of 
these reactions is mostly high, and strongly dependent on the 
substituent at the triple bond. The triazene group in the products 
can be cleaved by addition of acids. However, these reactions do 
not result in direct substitution of the triazene by nucleophiles, as 
observed for other vinyl triazenes. Instead, substrate-specific 
rearrangements are observed. 

R'

N
N

NR''2

X

R'

N3R''2
+

FG

B(OR)2

[RhCl(cod)]2 
(3-5 mol%)

KOH
dioxane/H2O or

THF/H2O

X

R'

N3R''2
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FG:

CHO

COMe

CN

CHO

COMe
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20 examples
34-90%

 

Scheme 18. Synthesis of indenyl triazenes. 

Compounds which become luminescent upon aggregation 
have found numerous applications in analytical chemistry, 
imaging, materials sciences, and biology.[50] Tetraarylethenes are 
among the most popular aggregation-induced emission (AIE) 
luminogens.[50a] Recently, we have described a simple, fast, and 
versatile protocol for the preparation of tetraarylethenes.[51] The 
new method relies on the acid-induced coupling of vinyl triazenes 
with aromatic compounds (Scheme 19). The key reagent is a 
disubstituted triphenylethenyl triazene, Ph2C=CPh(N3HPh), which 
was first described by Miller and Jones in 1967.[32] As depicted in 
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Scheme 13A, it can be obtained from triphenylethenyl magnesium 
bromide with phenyl azide, and it can easily be made on gram-
scale. With this reagent, one can graft triarylethenyl groups on a 
variety of aromatic compounds, including heterocycles, 
supramolecular hosts, biologically relevant molecules, and 
commercial polymers. The possibility to use arenes as coupling 
partners is a key advantage of this method, as non-functionalized 
aromatic compounds can be converted in a single step into solid 
state emitters. 
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X
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O

O
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H
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Scheme 19. Synthesis of tetraarylethenes by C-H vinylation of arenes. The 
products can display aggregation-induced emission (AIE). 
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Scheme 20. Synthesis and reactivity of triazene-activated donor-acceptor 
cyclopropanes. Rh2(esp)2: Bis[rhodium(''-tetramethyl-1,3-
benzenedipropionic acid)] 

Donor-acceptor (D-A) cyclopropanes with triazene groups can 
be obtained by Rh-catalyzed reaction of vinyl triazenes with 
dimethyl diazomalonate (Scheme 20A).[52] The N3R2 group 
provides a very strong activation of the cyclopropane ring, 
allowing for catalyst-free reactions with methanol and TCNE 
(Scheme 20B). This type of reactivity is unusual, and 'standard' 
D-A cyclopropanes with N-phthalimide or 4-methoxyphenyl do not 
react under these conditions. The triazenyl cyclopropanes can 
undergo Lewis acid-catalyzed cycloaddition reactions with silyl 
enol ethers, which give highly-functionalized cyclopentanes. 

4. Conclusions and Outlook 

In this Minireview, we have summarized the chemistry of 
vinyl- and alkynyl triazenes. Research on alkynyl triazenes was 
enabled by a serendipitous discovery. In 2015, we found that 
alkynyl triazenes are formed in reactions of dialkylamides, nitrous 
oxide, and alkynyl Grignard reagents.[18] The N2O-mediated 
coupling between amides and alkynyl Grignards can be 
performed conveniently in one-pot under mild conditions, and it 
allows preparing a range of alkynyl triazenes in good yields. The 
electron-donating nature of the triazene group leads to an 
activation of the triple bond, thereby facilitating regioselective 
addition reactions. Alkynyl triazenes can be used as substrates 
for transition metal-catalyzed reactions, as evidenced by addition, 
cyclization, and annulation reactions with Pd, Ru, Rh, Ir and Au 
catalysts. Similar reactions can be performed with other alkynes, 
but there is an advantage of using alkynyl triazenes: the triazene 
function in the products can be substituted under acidic conditions 
with numerous other groups. Notably, it is often possible to 
replace the triazene function by fluoride. Alkynyl triazenes can 
thus be used as surrogates for unstable fluoroalkynes. 

Whereas alkynyl triazenes were not known before 2015, the 
chemistry of vinyl triazenes dates back to 1967.[32,35] However, 
synthetic access was limited, and only few studies about vinyl 
triazenes were published until recently. In the meantime, the 
situation has changed, and vinyl triazenes can now be prepared 
via different routes. Already in 1967, it was proposed that vinyl 
triazenes can serve as precursors for vinyl cations.[32] This 
proposition was substantiated by recent studies, which have 
shown that acidic conditions unleash a vinyl cation-like reactivity. 
The possibility to use vinyl triazenes as stable and easy-to-handle 
precursors for vinyl cations represents an interesting opportunity 
for synthetic applications. For example, we have recently shown 
that tetrarylethene AIE luminogens can be prepared by C-H 
vinylation of plain aromatic compounds with triazenes. 

The studies published so far are evidence that vinyl- and 
alkynyl triazenes are highly interesting compounds with a unique 
reactivity. But there are other aspects, which deserve attention. 
For example, the biological activity of vinyl- and alkynyl triazenes 
is largely unknown. So far, only few vinyl- and alkynyl triazenes 
were tested for their anti-cancer activity.[18] In view of the 
interesting pharmacology of the related aryl triazenes, more 
extensive biological tests seem worthwhile.  

With unsaturated triazenes showing interesting chemistry, 
the question arises: what about saturated, alkyl triazenes? In fact, 
triazenes containing exclusively alkyl substituents are known for 
many years.[1] They can be prepared by reaction of alkyl azides 
with lithium- or magnesium organic reagents.[39a-c] Past studies 
had focused on triazenes with simple substituents (e.g. methyl, 
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ethyl, butyl, or benzyl). The recent study about triazene-activated 
cyclopropanes[52] demonstrates that it is possible to prepare 
structurally and functionally complex trialkyl triazenes from vinyl 
triazenes. At the moment, the reactivity of such compounds is 
largely unknown. 

Finally, we would like to propose that it is worth investing the 
new triazenes in the context of radical chemistry. For some 
reactions of aryl triazenes, cleavage reactions of the N3R2 group 
were suggested to give aryl radicals intermediates.[5a,53] These 
suggestions are in line with the fact that aryl diazonium salts (the 
primary decomposition products of aryl triazenes) are known 
precursors for aryl radicals.[54] In analogy, it might be possible to 
generate reactive vinyl (or alkyl) radicals if cleavage reactions of 
vinyl (or alkyl) triazenes are performed in the presence of potential 
electron donors. Reactions of this type would further enlarge the 
potential of the new triazenes in synthetic chemistry. 
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Vinyl and alkynyl triazenes have emerged as highly versatile reagents in organic synthesis. The electron-donating character of the 
triazene function activates the triple bond of alkynyl triazenes, thereby facilitating addition, cyclization, annulation and rearrangement 
reactions. Vinyl triazenes, on the other hand, are convenient precursors for vinyl cations, and they can be converted via addition 
reactions into alkyl triazenes. 
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