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An efficient and straightforward synthetic protocol has been 

developed for the preparation of 6-carbamoylfulvene-6-

carboxylates via a cycloaddition reaction between 1-

cyanocyclopropane 1-esters and ββββ-nitrostyrenes for the 10 

generation of a wide range of structurally interesting and 

pharmacologically significant compounds. The reaction 

utilises Et3N promoted C–C bond cleavage, two new C–C 

bond formations of 1-cyanocyclopropane 1-ester with β β β β-

nitrostyrene and simultaneous conversion of cyano group into 15 

amide in a domino fashion. 

Fulvenes, which exhibit intriguing cross-conjugated molecular 

structures, are important classes of organic compounds that are 

not only widely used as specially synthetic building blocks and 

various kinds of functional materials,1 but they also has been 20 

recognized as privileged scaffolds, which can be found in many 

natural products and pharmaceuticals.2 Additionally, due to their 

abnormal electronic, spectroscopic and chemical properties, 

fulvenes and their derivatives also have attracted much attention 

from chemists studying theoretical chemistry.3 Fulvenes are 25 

generally synthesized via the condensation of aldehydes or 

ketones with cyclopentadiene in the presence of inorganic bases 

or alkoxides.4 Recently improved protocol involved secondary 

amine-promoted this condensation.5 In addition to the 

conventional base-promoted fulvene synthesis, coupling reactions 30 

of alkynes catalyzed by transition metals was another prominent 

reaction, such as Pd-catalyzed trimerization of alkynes,6 Pd 

catalyzed cross-coupling reactions of alkynes with vinyl halides,7 

and with enone or enal moieties,8 Ti-catalyzed trimerization of 

tert-butylacetylene,9 silver-catalyzed Nazarov-type cyclization of 35 

R-hydroxyallenes,10 gold-catalyzed intramolecular furan/yne 

cyclization reaction.11 Additionally, fulvenes were easily 

accessible through organocatalytic domino reaction of electron-

deficient 2,4-dienes with 2-halo-1,3-dicarbonyl compounds or 

heated cyclization of enediynes in the presence of the stable 40 

radical TEMPO (tetramethyl piperidyl oxide),12 Wolff 

Rearrangement of ketenes,13 trifluoromethylation and cyclization 

of divinyl ketones,14 or [3+2] annulations of ethyl α-

chlorocyclopropaneformates with acetyl acetone.15 However, 

these protocols could provide only a limited variety of fulvenes. 45 

To address this problem, further development of new and 

alternative synthetic strategies for functionalized fulvenes is 

highly desirable. 

In recent years, the diverse and often unexpected reactivity of 

cyclopropanes and their derivatives have drawn considerable 50 

attention due to the simplicity of their synthesis and potential for 

variation of the aryl groups. Cyclopropanes and their derivatives 

easily undergo a variety of ring-opening reactions under the 

influence of a variety of conditions. Based on these special 

reactivity patterns, cyclopropanes and their derivatives have been 55 

recognized to be powerful building blocks in organic syntheses.16 

Recently we reported the direct annulation of pyridine derivatives 

with 1-cyanocyclopropane 1-ester to form indolizine derivatives 

in a regioselective manner,17 which stimulated research into new 

pathways for the construction of cyclic units via the ring-opening 60 

reactions of activated donor-acceptor cyclopropanes. Some 

previous studies revealed the most importantly synthetic value of 

donor-acceptor cyclopropanes has been extensively demonstrated 

in the preparation of highly substituted carbocyclic products via 

formal [3+2] cycloaddition reactions.18 However, the main 65 

research efforts have been devoted to use the skeleton of 

cyclopropane for the construction of new cyclic skeletons via the 

ring-opening reactions of activated donor−acceptor 

cyclopropanes. To the best of our knowledge, no example using 

[3+2] cycloaddition reactions of 1-cyanocyclopropane 1-ester and 70 

β-nitrostyrene as starting materials to construct the five-

membered cyclic cores were reported, which two carbons came 

from the skeleton of cyclopropane and other carbon was from its 

side chain. In this context, the [3+2] cycloaddition reactions of 1-

cyanocyclopropane 1-esters and β-nitrostyrene could provide an 75 

easy access to functionalized fulvene frameworks under mildly 

basic conditions.  

Considering their inherent high ring strain, the donor–acceptor 

(DA) cyclopropanes were easily promoted by basic agents to 

form a 2-cyano-4-oxobut-2-enoate anion, which could attack an 80 

electron-defect double or triple bond as a nuclophilic agent.19 Our 

initial experiments focused on the identification of an appropriate 

basic agent. An inorganic base screening using 1-cyclopropane1-

ester 1a and β-nitrostyrene 2a as the model substrate and toluene 

as the solvent at 110 oC was carried out (Table 1). As a result, 85 

treatment with weak bases Na2CO3, K2CO3, Cs2CO3 or a strong 

base NaOH led to no [3+2] cycloaddition reaction (Table 1, 

entries 1-4). However, while organic base piperidine or 

triethylamine was used as a promoter, we were pleased to find out 
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that in the presence of piperidine or triethylamine the formation 

of the desired product took place (Table 1, entries 5-6). Among 

them, 0.5 equivalent triethylamine provided the better result, 

affording two completely separable products as a pair of syn-anti 

isomers, 3a (upper in TLC) and 3a′ (lower in TLC) in 8% and 5 

15% yields, respectively (entry 6). All these products were well 

characterized from spectral analysis. 

Table 1 Optimization of reaction conditions in the synthesis of 3a/3a’ 

 

Entry Base(eq.) Solvent T(oC) t(h) Yield(%) 

Z/E(3a/3a’) 

1 Na2CO3(1) PhMe 110 12 0 

2 K2CO3(1) PhMe 110 12 0 

3 Cs2CO3(1) PhMe 110 12 0 

4 NaOH(1) PhMe 110 12 0 

5 Piperidine(1) PhMe 110 12 trace 

6 Et3N(0.5) PhMe 110 12 8/15 

7 Et3N(1) PhMe 110 12 17/24 

8 Et3N(2) PhMe 110 12 26/34 

9 Et3N(3) PhMe 110 12 35/41 

10 Et3N(4) PhMe 110 12 34/40 

11 Et3N(3) DMF 110 12 0 

12 Et3N(3) Dioxane 110 12 0 

13 Et3N(3) PhNMe2 110 12 0 

14 Et3N(3) PhMe 80 12 19/26 

15 Et3N(3) PhMe 130 12 30/38 

16 Et3N(3) PhMe 110 6 trace 

17 Et3N(3) PhMe 110 18 32/39 
aisolated yield. 

Then our efforts further focused on the amount of Et3N, the yield 10 

was increased slightly when the amount of Et3N was changed 

from 0.5 equiv. to 2.0 equiv. (Table 1, entries 6-8). When the 

amount of Et3N was increased further to between 3.0 and 4.0 

equiv., the reaction was complete after 12 h and the isolated yield 

was the best, 3a and 3a′ in ca 35% and 41% yields, respectively 15 

(entries 9-10). Moreover, no product was detected when the 

reaction was performed in DMF, dioxane or C6H5NMe2 (entries 

11-13). To our great pleasure, 3.0 equiv. Et3N promoted reaction 

using toluene as the solvent afforded the products 3a and 3a′ in 

excellent 35% and 41% yields in 12 h, respectively (entries 9). 20 

When the reaction was performed at 80 oC or 130 oC in 12 h, 3a 

and 3a′ were produced in lower yield (entries 14-15). Further 

reduction or addition in the reaction time also resulted in lower 

yield of the products. 

A series of experiments revealed that the optimal results were 25 

obtained when the reaction of ethyl 2-benzoyl-3-(p-

chlorophenyl)-1-cyanocyclopropane carboxylate (1a) and 1-

chloro-4-(2-nitrovinyl)benzene (2a) together with 3 equiv. Et3N 

was carried out in toluene, the resultant mixture was stirred for 12 

h at 110 oC, whereby the yields of 3a and 3a′ reached 35% and 30 

41% (total 76%), respectively (Table 1, entry 9). 

Table 2. Synthesis of fulvene derivatives from 1-cyanocyclopropane 1-

ester and β-nitrostyrene 

 

Entry R1 R2 R3 Yield (Z/E%)a 

1 H p-Cl p-Cl 35/41 (3a/3a’) 

2 H  p-Cl p-OCH3 37/42 (3b/3b’) 

3 p-CH3 p-Br p-OCH3 40/48 (3c/3c’) 
4 H p-Br p-OCH3 39/43 (3d/3d’) 

5 p-Cl m-Br p-OCH3 35/38 (3e/3e’) 

6 p-CH3 p-OCH3 p-OCH3 39/46 (3f/3f’) 
7 p-Br p-CH3 p-CH3  36/42 (3g/3g’) 

8 p-Cl o-OCH3 p-OCH3 33/39 (3h/3h’) 

9 p-Br m-Cl p-CH3 36/41 (3i/3i’) 
10 p-OCH3 p-Cl o-OCH3 37/40 (3j/3j’) 

11 p-Cl p-Cl p-OCH3 78 (3k/3k’=1/1)b 
aisolated yield.bZ/E isomer ratio determined by 1H NMR 

To study the scope of this reaction, we explored the use of 35 

different 1-cyanocyclopropane 1-esters, and substituted β-

nitrostyrenes. The results are summarized in Table 2. The 

reaction tolerates different substituents on the aromatic ring of the 

1-cyanocyclopropane 1-esters and substituted β-nitrostyrenes, 

generally, 1-cyanocyclopropane 1-ester with a range of 40 

substitutents such as methyl, methoxy, chloro, and bromo at 

ortho-, meta- or para-positions of phenyl groups all worked well 

to give 2-carbamoylcyclopentadienylideneacetate derivatives. 

Substrates with para-position phenyl groups gave the products in 

higher yields than those with ortho-, or meta-position phenyl 45 

groups. The electronic properties of the substituents on the 

benzene ring of 1-cyanocyclopropane 1-esters had a slight effect 

on the reaction. The introduction of an electron-withdrawing 

group such as Cl or Br speeded up the reaction and increased the 

yield of product, thus facilitating the synthesis of diversely 50 

substituted 2-carbamoylcyclopentadienylideneacetates. However, 

we found that the polarity of the Z-isomer was the almost same as 

the E-isomer when Cl at para-positions of phenyl groups of 1-

cyanocyclopropane 1-ester, the resulted Z/E-isomer mixture were 

not isolated easily by column chromatography (Table 2, entry 55 

11). Additionally, while 1-cyanocyclopropane 1-esters were 

replaced with 1,1-dicyanopropanes as starting materials, 

unfortunately the desired 6-carbamoyl-6-cyanofulvenes were not 

yielded. All corresponding 6-carbamoylfulvene-6-carboxylates 

were analyzed by their 1H NMR, 13C NMR and MS. 60 

Characteristic 1H chemical shift of 6-carbamoylfulvene NH2 at δ 

ca 5.40(s) and 5.00(s), respectively, unequivocally indicated the 

exclusive chemical environment of 6-carbamoyl protons. 

Although there were slightly differences in 1H NMR and 13C 

NMR of Z/E-isomer fulvenes, their configurations could not be 65 

confirmed by the 1H NMR and 13C NMR spectra of fulvene 

derivatives. The structure of 3h was unambiguously solved by X-

ray crystallography (Fig. 1).20 X-ray crystallographic analysis 

determined that product 3h possess a carbamoyl and an ester 
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contiguous substituents at C(6) of fulvene as a Z configuration of 

an exocyclic double bond. On the basis of spectroscopic evidence 

the structure of compound 3a-k was identified as (Z)1,2,4-triaryl-

6-carbamoylfulvene-6-carboxylates. Furthermore, the E 

configuration of another isomer was also confirmed by X-ray 5 

crystallography of fulvene 3f′ and 3g′ (Fig. 2).20 

 
Figure 1. Molecular structure of fulvene 3h 

 
Figure 2. Molecular structure of fulvene 3f′ and 3g′ 10 

A possible mechanism was proposed to rationalize the formation 

of 6-carbamoylfulvene-6-carboxylates (Scheme 1).  

NC
CO2Et

Ar2

O

Ar1

Ar1

NC

Ar2

CO2Et

O

Ar3
O2N

Ar2

Ar3

NO2

C
CO2Et

N

O

Ar1

Ar2

Ar3

NO2

C CO2Et
N

HO

Ar1 H NEt3

Ar2

Ar3

NO2

O

Ar1

C
CO2EtH2N

O

Ar2
H2N

CO2Et

Ar3

N

Ar1

O

O

-NO2

Ar3

Ar2

CO2Et

H2N

O
Z

E

Et3N

Ar2

Ar3

NO2

C CO2Et
HN

HO

Ar1

Ar1 Ar3

Ar2

CO2Et

H2N

O

Ar1

Ar3

Ar2

CONH2

EtO

O

Ar1

[O]

[A]

[B]

[C] [D] [E]

[F]

 
Scheme 1 Possible mechanism in the synthesis of fulvene derivatives. 

The key steps involved the generation of a benzyl anion [A] via 15 

the carbonyl αH-elimination of 1-cyclopropane1-esters, the 

nucleophilic addition of [A] with a carbanion to β-nitrostyrene to 

give an intermediate anion [B], and the subsequent intramolecular 

nucleophilic addition of anion [B] to carbonyl group forming the 

cyclopentanol intermediate [C]. Then, in the presence of 20 

triethylamine hydrogen 1,5-shift afforded a conjugated enimine 

intermediate [D]. The cyclopentanol intermediate [D] was 

transformed to the bicyclic cyclopentane[b]furan intermediate [E] 

via an intramolecular nucleophilic addition again. Next the 

cyclopentadiene intermediate [F] was yielded through the 25 

denitration of intermediate [E] and furan-ring opening. The 6-

carbamoylfulvene-6-carboxylates were finally obtained through 

the dehydrogenization of the cyclopentadiene intermediate [F] 

driven by the formation of a conjugated system. 

Conclusions 30 

In conclusion, we have developed a straightforward and efficient 

triethylamine-promoted annulation of 1-cyanocyclopropane 1-

esters with β-nitrostyrenes for the synthesis of multi-substituted 

6-carbamoylfulvene-6-carboxylates as completely separable syn-

anti isomers, in moderate to good total yields (72−88%) via the 35 

reaction of readily available and activated cyclopropanes. This 

reaction involved the sequential [3+2] cyclization reaction of 2-

aroyl-3-aryl-1-cyanocyclopropanecarboxylates with β-

nitrostyrenes to give the corresponding nitrocyclopentanol, the 

formation of bicyclic cyclopentane[b]furans, removal of nitro 40 

group and dehydrogenization. The development of this strategy 

offered a complementary approach to highly substituted fulvene 

compounds with advantages that included a variety of cheap and 

readily available reactants and a wide range of substrates with 

dense or flexible substitution patterns. 45 
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