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Abstract: Zinc-catalyzed selective cross-coupling of two carbene 

sources such as vinyl diazo compounds and enynones, enabled the 

synthesis of conjugated dienoate derivatives. This reaction involved 

the unprecedented coupling of a zinc furyl carbene with vinyl diazo 

compounds through the -carbon. Alternatively, dienoates were also 

prepared by a commutative cross-coupling of zinc vinyl carbenes 

generated from cyclopropenes and simple diazo compounds. 

Assembling the two carbon fragments is the most convergent 

method to prepare highly substituted alkenes. Emblematic 

transformations such as Wittig or metathesis reactions are firstly 

considered when preparing alkenes. A different approach 

comprises the use of diazo compounds, which can be joined via 

carbene coupling. This archetypal reactivity of diazo compounds 

did not found a widespread applicability due to the difficulty to 

control homodimerization vs cross-coupling processes to 

prepare unsymmetrically substituted alkenes (Scheme 1, a).
[1-3]

 

In spite of this difficulty, a few remarkable examples of Rh- and 

Au-catalyzed cross-couplings with diazo compounds have been 

recently reported by Davies
[3a]

 and Sun.
[3b]

 Similarly, cross-

couplings between diazo compounds and a metal-carbene 

intermediates generated from a different source enable the 

preparation of challenging unsymmetrical alkenes. Again, 

governing homo- vs cross-coupling is awkward (Scheme 1, a).
[4]

 

Examples of alkene synthesis by this approach were reported by 

Barluenga and Dixneuf using Fischer carbenes or propargylic 

esters as carbene partner in Cu-
[4a-c]

 or Ru-catalyzed
[4d]

 cross-

couplings with diazo compounds. In this context, we have 

recently been interested in the generation and subsequent 

trapping of zinc 2-furyl carbenes from conjugated enynones and 

inexpensive, low-toxic ZnCl2.
[5]

 Since zinc salts do not promote 

N2-extrusion in stabilized diazo compounds,
[6]

 we reasoned that 

they could act as nucleophiles to trap the electrophilic zinc 

carbenes,
[7]

 avoiding undesired homocoupling processes. In this 

manner, we described the synthesis of functionalized alkenes, 

namely -furylacrylates, by cross-coupling of enynones with 

stabilized diazo compounds (Scheme 1, b).
[8]

 

Besides, the synthesis of 1,3-dienes is a relevant goal in 

chemistry due to the wide range of synthetic applications and 

the properties of this class of compounds.
[9]

 In view of this 

feature, we wondered if applying our previously described 

methodology,
[8]

 extended -conjugated systems might be 

available by using the corresponding vinyl diazo compounds. 

Herein, we disclose our findings. 

 

Scheme 1. (a) Synthesis of unsymmetrical alkenes by means of carbene 

coupling. (b) ZnCl2-catalyzed cross-coupling of enynones with diazo 

compounds. 

Conjugated enynone 1a and ethyl 2-diazobut-3-enoate (2a) 

were selected at the outset (Scheme 2, a). Under previously 

optimized reaction conditions (10.0 mol% of ZnCl2, 1.2 equiv. of 

2a in CH2Cl2 at ambient temperature),
[8]

 the formation of a new 

penta-2,4-dienoate 3a arising from the cross-coupling of 1a and 

2a was observed in a 71% isolated yield as a mixture of isomers 

((2E,4E):(2Z,4Z):(2Z,4E) = 1:1.6:2.7). Importantly, NMR analysis 

of 3a clearly revealed that the formation of a new double bond 

took place at -position (green dot) of the vinyl diazo moiety. To 

our knowledge, this selectivity in cross-coupling reactions with 

vinyl diazo compounds is unprecedented, since in previous 

examples the alkene formation involved the participation of the 

-carbon (blue dot) (Scheme 2, b).
[3a-b,10, 11]

 In view of this 

remarkable differential reactivity, we consequently attempted an 

optimization of the process. Indeed, by using 3.0 equiv. of 2a, 

compound 3a could be obtained in 83% isolated yield and with 

near complete 2Z-selectivity and moderate 4Z/4E selectivity 

(4Z:4E = 2:1).
[12]
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Scheme 2. Zinc-catalyzed cross-coupling of enynone 1a with vinyl diazo 

compound 2a (top) and comparison of positional selectivities (bottom). 

The scope was subsequently evaluated by using conditions 

depicted in Scheme 2. These conditions led to an improved yield 

and Z/E better selectivity, which further facilitated analysis and 

purification processes. The scope is shown in Table 1. 

Enynones bearing aryl substituens as R
3
 group were converted 

into the corresponding dienoate derivatives 3a-d in good yields. 

Importantly, both electron-rich and -poor arenes participated in 

the reaction. Moreover, ortho substitution was tolerated as well. 

Regarding the selectivity, compounds 3a-d were obtained with 

almost complete 2Z selectivity, yet as 4Z/4E mixtures. Similarly, 

enynones substituted with primary alkyl groups afforded 

compounds 3e-g in reasonable yields (2Z, 4Z/E mixtures). 

Interestingly, the use of a cyclopropyl-substituted enynone led to 

the formation of 3h in a moderate 62% yield but with a 

remarkable high selectivity (20 mol% of ZnCl2). Increasing the 

size of R
3
-substituent at alkyne terminus led to the formation of 

the corresponding 1,3-diene as single isomers 2Z,4E-3i (R
3
 = t-

Bu) and 2Z,4Z-3j (R
3
 = TMS). Due to the steric congestion, 

compounds 3i-j were obtained in lower yields (40% and 47%, 

respectively), even when using a higher catalysts loading. The 

use of an alkenyl substituted enynone enabled the synthesis of 

the corresponding conjugated 1,3,5-triene 3k in a moderate 52% 

yield. Variations of R
1
 and R

2
 substituents in the enynone were 

also accomplished as demonstrated with the preparation of 1,3-

dienes 3l and 3m,
[13]

 which were obtained in decent yields.
[14]

 

Modifications on the vinyl diazo coupling partner proved to have 

a strong influence on the reaction outcome. When employing 

tert-butyl (2b, 5.0 equiv.) or benzyl 2-diazobut-3-enoate (2c, 3.0 

equiv.) with enynone 1a, the expected 1,3-dienes 3n-o were 

obtained in 78% and 71% isolated yield, respectively.
[15]

 It 

should be noticed that in particular cases (see Table 1, footnote 

[c]), the use of 5.0 equivalents of the diazo compound were 

employed to achieve better results in terms of yield and/or 

selectivity. The influence of the substitution at positions  and  

in the vinyl diazo compound was also assessed (Scheme 3). 

Thus, the use of enynone 1a along with -methyl-substituted 

diazo compound 2d, under otherwise identical reaction 

conditions, resulted in the formation of cyclopropyl diazo 

compound 4 in moderate yield (56%, d.r. = 1.6:1). Moreover, 

heating a mixture of 1a with -substituted diazo compound 2e at 

70 ºC in 1,2-dichloroethane (DCE), led to the formation of N-

alkylated pyrazole 5 in 44% yield. 

Table 1. Synthesis of dienoates 3a-n by zinc-catalyzed cross-coupling 

reactions of enynones 1 with vinyl diazo compounds 2: Scope.
[a]

 

 

[a]
 Reaction conditions: 1 (0.2 mmol), 2 (1.0 mmol, 3.0 equiv.), ZnCl2 (10 mol%), 

CH2Cl2 (0.1 M), r.t. (1-10 h). Isolated yields. Z/E ratios determined by 
1
H NMR. 

[b]
 Separable isomers. 

[c]
 With 5.0 equiv. of 2. 

[d]
 With 20 mol% ZnCl2. 

[e]
 NMR 

yield. 
[f]
 After isomerization with I2 (10 mol%). (TBS = tert-butyldimethylsilyl). 

 

Scheme 3. Reactivity of - and -substituted vinyl diazo compounds 2d-e with 

enynone 1a. (NMR yields). 

A tentative mechanism for the formation of dienoates 3a-n is 

shown in Scheme 4. First, a 5-exo-dig cyclization of the enynone 

1 generates zinc carbene species I.
[5a]

 Subsequently, a 

vinylogous nucleophilic attack of the -carbon of vinyl diazo 

compound 2 onto the electrophilic carbene would generate 

intermediate II.
[10]

 Then, a 1,5-H shift might account for the 

formation of species III, which after tautomerization would lead 

to intermediate IV. Finally, elimination of zinc with a concomitant 
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N2-extrusion should give rise to compounds 3a-n allowing 

catalytic turnover. Coordination of the carbonyl group to the zinc 

fragment likely accounts for the almost complete 2Z-

stereoselectivity observed.
[16]

 

 

Scheme 4. Proposed mechanism for the formation of dienoates 3a-n. 

It should be noticed that the connectivity of this cross-coupling 

seems to be linked only with the use of zinc. Indeed, transition 

metals capable of promoting alkene formation via carbene 

coupling, such as rhodium, gold or ruthenium did not afford 3a 

under identical conditions. Interestingly, a complementary 

reactivity was observed in the reaction of enynone 1e with 2a 

when using ZnCl2 or [Cu(MeCN)4][BF4], as the later led to the 

formation of cyclobutene 6 in moderate yield (Scheme 5).
[17]

 

 

Scheme 5. Orthogonal reactivity by catalyst control. ([Cu] = [Cu(MeCN)4][BF4]). 

As described in Table 1, the dienyl moiety of compounds 3 

comprises a 1C+3C-coupling, being zinc carbene species I 

(generated from enynones 1) the 1C-fragment and vinyl diazo 

compounds 2 the 3C-partner. As a complementary synthetic 

route towards compounds 3, we reasoned that a commutative 

3C+1C-coupling might also be feasible by using a vinyl zinc 

carbene species (3C) and simple stabilized diazo compounds 

(1C) as coupling reagents (Scheme 6). This hypothesis relied on 

our recently described method to generate zinc vinyl carbene 

intermediates from cyclopropenes.
[18]

 

 

Scheme 6. Commutative approaches to 1,3-dienoates 3 by means of zinc-

carbenes and diazo compound couplings. 

Subsequently, we evaluated the feasibility of this different 

approach. Gratifyingly, we found that simple ZnCl2 was a 

competent catalyst to promote efficiently this C–C-coupling 

under mild reaction conditions (10 mol% of ZnCl2, CH2Cl2, r.t.) 

as shown in Table 2.
[19]

 In this manner, the use of symmetrical 

3,3-dialkylcyclopropenes along with ethyl diazo acetate (8a, 3.0 

equiv.) enabled the preparation of dienoates 3p-r in very good 

yields (75-86%) and moderate 2Z-selectivity. Unsymmetrical 3-

adamantyl-3-methylcyclopropene led to diene derivative 3s in 

excellent yield (95%) as 2Z:2E mixture (2:1). As expected, 3-

methyl-3-nonyl cyclopropene afforded 3t in good yield (82% 
1
H 

NMR) but as mixture of 4 isomers.
[20]

 Moreover, other diazo 

compounds bearing different electron-withdrawing substituents, 

including ketones, could be employed for the synthesis of 

compounds 3u-w in a similar high efficiency (85-96%).
[21] 

Table 2. Synthesis of dienoates 3p-v by zinc-catalyzed cross-coupling 

reactions of cyclopropenes 7 with diazo compounds 8: Scope.
[a]

 

 

[a]
 Reaction conditions: 8 (0.2 mmol), 8 (0.6 mmol, 3.0 equiv.), ZnCl2 (10 mol%), 

CH2Cl2 (0.1 M), r.t. (1-5 h). Yields of isolated products. Z/E ratios were 

determined by 
1
H NMR. 

[b]
 See the Supporting Information for isomer 

assignment. (Ad = adamantyl). 

A mechanism accounting for the later coupling should start with 

the in-situ generation of zinc vinyl carbene V by cyclopropene 

activation (Scheme 7).
[18]

 Then, a nucleophilic attack of the diazo 

compound onto V, followed by elimination of zinc and N2, 

accounts for the formation of compounds 3p-w.
[22]
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Scheme 7. Proposed mechanism for the formation of dienoates 3p-w. 

In summary, we have herein reported the selective 

intermolecular cross-coupling of vinyl diazo compounds with in-

situ generated zinc carbenes from enynones. Particularly, the 

reaction takes place at -position of the vinyl diazo compound, 

enabling the synthesis of valuable dienoate derivatives.
[12]

 This 

kind of selectivity has not been previously reported to the best of 

our knowledge. A complementary approach for the preparation 

of dienoates based on the coupling of zinc vinyl carbenes 

generated from cyclopropenes and simple diazo compounds is 

also disclosed. Remarkably, within the context of sustainable 

chemistry, these transformation were accomplished with 

inexpensive, low-toxic ZnCl2 as the catalyst. 
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This compound arises from a 1,3-dipolar cycloaddition followed by a 

ring-expansion. Non-catalyzed 1,3-dipolar cycloadditions between 

diazo compounds and cyclopropenes to yield pyridazines is a well-

known process. For a review, see: M. L. Deem, Synthesis 1982, 701. 
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