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Abstract: The reaction of vinylazides with alkenyldiazo compounds 

in the presence of [Cu(CH3CN)4][BF4] provided cyclopentene 

derivatives retaining the azide functionality. This process would 

involve a sequence comprising: 1) decomposition of the diazo 

component with generation of a copper alkenylcarbene species; 2) 

stepwise regioselective [3+2] cycloaddition; 3) allylic azide 

rearrangement. A broad range of substrates is compatible with this 

protocol. We have also shown that azide-containing cycloadducts 

can be efficiently converted to the corresponding amine and triazole 

derivatives. 

Vinylazides have become prominent building blocks for organic 

synthesis.[1] The synergistic combination of chemical properties 

of the two conjugated functional groups (azide and alkene) 

present in their structure provides a rich and varied reactivity 

that has been exploited in a wealth of synthetically useful 

transformations. Most of the synthetic applications based on 

vinylazides rely on a facile release of molecular nitrogen by 

heating or photolysis with generation of vinylnitrene 

intermediates or highly strained three-membered 2H-azirines. 

This general reactivity pattern, in which the vinylazide acts as a 

three-atom C-C-N synthon, has been extensively studied over 

the years and has found manifold applications in the synthesis of 

many valuable nitrogen heterocyclic compounds. In contrast, 

processes in which the azide function is retained in the final 

products are rather unusual. Nevertheless, these procedures 

would be highly desirable from a synthetic point of view because 

azides can be easily transformed into a range of nitrogen-based 

functional groups through well-established methodologies, thus 

providing access to a wide variety of nitrogen-containing 

compounds. 

On the other hand, in the last years our group and others 

have actively pursued the development of new synthetic 

methodologies based on the reactivity of coinage metal 

alkenylcarbene species generated from stabilized vinyldiazo 

compounds.[2] As a continuation of our ongoing interest in this 

topic, herein we report the copper(I)-promoted reaction of 

stabilized vinyldiazo compounds with vinylazides leading to 

functionalized cyclopentene derivatives arising from a formal 

[3+2] cycloaddition/allylic azide rearrangement sequence. 

Interestingly, these results stand in marked contrast to those 

previously found by Liu and co-workers in the reaction of 

vinylazides with gold alkenylcarbene species generated from 

propargylic esters, that led to buta-1,3-dien-2-yl esters (Scheme 

1).[3] Prior to our study, that was the only contribution on the 

reactivity of vinylazides toward alkenylcarbene intermediates.[4] 

 

Scheme 1. Reactivity of vinylazides toward alkenylcarbene precursors. 

For our exploratory studies we selected readily available ethyl 2-

diazobut-3-enoate (1a) and -azidostyrene (2a) as substrates 

and a series of transition metal catalysts (5 mol%) in 

dichloromethane as solvent at room temperature (Table 1, see 

the Supporting Information for full details on the screening study). 

Our initial screening revealed that gold complexes (entries 1-3), 

which proved to be competent catalysts in several recent 

transformations involving stabilized vinyldiazo compounds,[5] 

failed to afford any coupling product in the reaction of 1a and 2a. 

A similar outcome was also found when the reaction was 

performed in the presence of Rh2(OAc)4 or AgSbF6 (entries 4 

and 5). Next, we evaluated a series of copper complexes 

(entries 6-11). It should be noted that although copper catalysts 

have been extensively studied in the decomposition of simple 

diazo compounds, their use in transformations involving 

vinyldiazo compounds is mainly restricted to enoldiazo 

acetates.[6,7] To our delight, various copper complexes proved 

capable of promoting the formation of cyclopentene derivative 

3a. Among them, [Cu(CH3CN)4][BF4] was found to be the most 

effective, although cycloadduct 3a was obtained in a yield of 

27% after 3 days at room temperature (entry 11). Noteworthy, 

the yield increased to 81% when the reaction was run with 0.5 

equivalents of the copper complex (entry 13).  
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Notably, this formal [3+2] carbocyclization reaction takes 

place with complete regioselectivity.  

Taking into account that azides can serve as masked 

primary amines, compound 3a can be regarded as an 

orthogonally protected -aminoacid derivative. In this context, it 

should be mentioned that conformationally constrained 

carbocyclic -amino acids are important building blocks in 

organic and peptide synthesis and some of them display 

important pharmacological properties.[8] 

 

Table 1. Reaction of vinyldiazo compound 1a and vinylazide 2a: Summary of 

catalyst screening. 

 
Entry MLn x 3a

 [a]
 (%) 

1 [Au(IPr)(MeCN)][SbF6] 5 - 

2
[b] 

(ArOP)3AuNTf2 5 - 

3
[c]

 JohnPhosAuNTf2 5 - 

4 Rh2(OAc)4 5 - 

5 AgSbF6 5 - 

6 Cu(acac)2 5 - 

7 CuBr 5 - 

8 CuI  5 - 

9 [Cu(OTf)]2
.
C6H6 5 10 

10 [Cu(CH3CN)4][PF6] 5 22 

11 [Cu(CH3CN)4][BF4] 5 27 

12 [Cu(CH3CN)4][BF4] 20 60 

13 [Cu(CH3CN)4][BF4] 50 81 

[a] Isolated yields. [b] Ar = 2,4-
t
Bu2C4H3. [c] JohnPhos = 2-(di-tert-

butylphosphino)biphenyl. 

 

With suitable reaction conditions in hand, we turned our 

attention to examine the scope of this copper(I)-promoted 

transformation (Table 2).  

First, we examined the variation of the diazo partner. As 

expected, the nature of the ester substituent has little impact on 

the reaction outcome. Thus, reaction of benzyl 2-diazobut-3-

enoate (1b; R1 = R2 = H, EWG = COOBn) and vinylazide 2a 

afforded the corresponding cycloadduct 3b nearly quantitatively. 

Likewise, the use of tert-butyl substituted vinyldiazo compound 

(1c; R1 = R2 = H, EWG = COOtBu) led to expected cycloadduct 

3c in 70% yield. 

 

 

 

Table 2. Scope of the Copper(I)-promoted [3+2] cycloaddition/allylic azide 

rearrangement of stabilized vinyldiazo derivatives 1 and vinylazides 2.
[a,b]

 

 

[a] Reaction conditions: 1 (0.15 mmol), 2 (0.45 mmol), [Cu(CH3CN)4][BF4] (50 

mol%), CH2Cl2, RT. [b] The reported yields are those of the products isolated 

after column chromatography. [c] Along with minor amounts of a isomeric 

product (See the Supporting Information for details). [d] A 2:1 mixture of 

cis/trans isomers was formed. Combined isolated yield of both isomers. [e] 

Naph = 2-naphthyl. [f] A 4:1 mixture of trans/cis isomers was isolated. 
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The use of vinyldiazo compounds substituted at the vinyl moiety 

proved more challenging. For example, the use of a vinyldiazo 

compound with an alkyl group at the C atom (1d; R1 = Me; R2 = 

H, EWG = COOEt) provided the corresponding cycloadduct 3d, 

albeit in a modest yield (32% isolated yield). Similarly, treatment 

of diazoketone 1e (R1 = Me; R2 = H, EWG = COMe) with 

vinylazide 2a under the above reaction conditions produced 

cycloadduct 3e in low yield. On the other hand, reaction with 

methyl (E)-2-diazo-4-phenylbut-3-enoate (1f, R1 = H; R2 = Ph, 

EWG = COOMe) resulted in the formation of azide derivative 3e 

in moderate yield and selectivity. 

Regarding the vinylazide partner, the process was found to 

tolerate a wide range of substitution. Thus, an array of aryl 

substituted vinylazides were found to be viable substrates in this 

transformation. For example, vinylazides with electron-rich 

aromatic groups were well tolerated delivering the expected 

cyclic products 3g-k in good yields (58-86%). Aryl vinylazides 

bearing halogen atoms at the para-position were also well suited 

for this transformation furnishing the desired functionalized 

cyclopentene derivatives 3l-p in good yields. In contrast, a 

vinylazide with a strong electron-withdrawing nitro group 

exhibited very low reactivity affording the corresponding 

cyclopentene derivative 3q in lower yield. 

Substitution at the meta-position of the aromatic ring of the 

aryl vinylazide produced the corresponding cyclopentene 

derivative 3r without noticeable erosion in yield (compare 

products 3g and 3r). Conversely, the use of an aryl vinylazide 

bearing a substituent at the position ortho provided the 

corresponding product 3s in lower yield (23% isolated yield). 

Besides phenyl substituted vinylazides, the transformation 

tolerated the use of those featuring polycyclic aromatic groups 

as illustrated by the formation of naphthyl-containing 

cycloadduct 3t in good yield. Alkyl substituted vinylazides also 

provided the corresponding cyclopentene derivative resulting 

from a [3+2] cyclization/rearrangement sequence, albeit in lower 

yield (cyclopentene 3u, 25%). 

Finally, this copper-promoted transformation tolerated 

additional substitution of the aryl vinylazide at the -position as 

demonstrated by the formation of cyclopentene 3v in moderate 

yield and selectivity. 

The structure of compounds 3 was ascertained by NMR 

spectroscopic methods (including bidimensional experiments). 

Moreover, an X-ray structure analysis of cycloadduct 3j 

unambiguously confirmed the proposed structure.[9]  

Based on previous reports on metal-promoted 

transformations of vinyldiazo compounds, a plausible 

mechanism for this transformation is depicted in Scheme 2. 

Initial reaction of the vinyldiazo compound with the copper(I) 

complex would form the copper(I) alkenylcarbene species I, 

which then would evolve to intermediate II, behaving in this 

transformation the vinylazide as an enamine-type nucleophile 

towards the electrophilic vinylogous position of the 

alkenylcarbene intermediate.[10-12] Subsequent cyclization would 

generate the [3+2] cycloadduct intermediate III, which would 

evolve to the final products through an allylic rearrangement of 

the azide function.[13-15] The complete selectivity found in this 

[3,3]-sigmatropic isomerization (preference of 3 over its isomeric 

form III) is noteworthy because it has been reported that this 

rearrangement generally gives rise to mixtures of allylic isomers 

that interconvert at room temperature. Very likely, in our case 

the most substituted alkene (isomer 3) would be 

thermodynamically favoured.[16] At present, we cannot establish 

whether the copper complex plays or not any role in the 

rearrangement reaction. 

 

 

Scheme 2. Mechanistic rationale for the formation of cyclopentene derivatives 

3. 

Next, taking cyclopentene derivative 3b as a model substrate, 

several options for further elaboration of adducts based on well-

established azide chemistry were evaluated (Scheme 3). Thus, 

when 3b was subjected to conventional Staudinger reaction 

conditions (Ph3P, THF/H2O, 50ºC) the amino derivative 4 was 

obtained in 90% yield after chromatographic purification. On the 

other hand, an azide-alkyne click reaction furnishing triazole 

derivative 5 in moderate yield was also implemented. 

 

 

Scheme 3. Further elaboration of adduct 3b. 

Triazole derivative 5 was also available through a one-pot 

procedure without isolation of cycloadduct 3b (Scheme 4). Thus, 

initial treatment of benzyl 2-diazo-2-phenylacetate (1b) with -
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azidostyrene (2a) in the presence of the copper complex in 

dichloromethane, followed by addition of phenylacetylene 

furnished the target triazole derivative 5 in moderate yield after 

chromatography. 

 

Scheme 4. One-pot synthesis of triazole derivative 5. 

In summary, we have developed an efficient copper-mediated 

[3+2] cycloaddition process of vinyldiazo compounds and 

vinylazides, and it provides access to densely functionalized 

cyclopentene derivatives otherwise difficult-to-access. The 

observed reactivity pattern relies on the initial generation of a 

copper(I) alkenylcarbene intermediate, subsequent formal [3+2] 

cyclization and final allylic azide rearrangement. In contrast to 

many metal-promoted synthetic transformations involving 

vinylazides, in this transformation the azide function is 

maintained in the final cycloadducts, which enables many 

synthetic opportunities in the preparation of valuable nitrogen-

containing carbocyclic structures. Additional features of our 

protocol are the availability of the required starting materials and 

catalyst and the synthetically useful yields. Follow-up research 

on the synthetic usefulness of the functionalized cyclopentene 

derivatives is currently under way in our group.  
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2 x (vinyl) = 3 + 2. The copper-promoted reaction of vinylazides and vinyldiazo 

compounds provides a convenient route to azide-containing cyclopent-1-ene-

carboxylic acid derivatives. This transformation would involve initial generation of a 

copper alkenylcarbene species, which would evolve through a [3+2] 

cycloaddition/allylic azide rearrangement sequence. Further elaboration of the azide 

functional group allowed for the synthesis of new nitrogen-containing carbocycles. 

2 x (vinyl) = 3 + 2. A convenient route  
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