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Abstract: Gold(I)-catalyzed higher-order [8+2] cycloadditions of 8-

aryl-8-azaheptafulvenes 1 with allenamides 2 and ynamides 3 were 

studied. 1,8–Dihydrocycloheptapyrroles 4 were achieved by a 

regioselective [8+2] cycloaddition of azaheptafulvenes 1 and 

allenamides 2 in the presence of (2,4–ditBuC6H3O)3PAuNTf2 as 

catalyst. Besides, ynamides 3 and 8–aryl-8–azaheptafulvenes 1, 

undergo a regioselective [8+2] cycloaddition, to give 2-amido-1,4-

dihydrocycloheptapyrroles 7 in the presence of JohnPhosAuNTf2 as 

catalyst. Both reactions take place with good yields and with a 

variety of substituents. A plausible mechanism hypothesis suggests 

a nucleophilic attack of the 8-azaheptafulvene to the gold activated 

electron rich allene or alkyne moieties of the allenamide and 

ynamide respectively. 

Introduction 

Higher order cycloaddition reactions represent a useful tool for 

the preparation of medium size ring systems.[1] In this context, 

heptafulvenes[2] and their heteroanalogues, such as tropone,[3] 

and tropothione[4] are appropriate substrates for this kind of 

reactions; however, they present several problems, such as the 

low stability of some of these fulvenoid compounds or the low 

periselectivity in some reactions. 

On the other hand, 8-azaheptafulvenes appear as the most 

reliable 8 partner to undergo [8+n] cycloadditions;[5] specifically 

the [8+2] reaction of azaheptafulvenes 1 is one of the most 

abundant higher-order reaction found in the literature, and 

represents an efficient access to the cycloheptapyrrole 

framework present in natural and bioactive products.[6] The first 

studies on this transformation involved the use of electron-

deficient unsaturated systems as 2 partners; for instance, 

double-activated styrenes[7] and cumulenes[8] (Figure 1, section 

a). Later, it was described that the highly-electrophilic alkenyl[5a] 

and alkynyl[9] Fisher carbene metal complexes can react as 2 

component with high efficiency and selectivity (Figure 1, section 

a). 

Recently, the [8+2] cycloaddition reaction of 8-azaheptafulvenes 

1 has gained more attention with the use of a catalyst, either to 

achieve good enantioselectivity[10] or to obtain in situ reactive 

intermediate species such as ammonium[10b] and N-heterocyclic 

carbene enolates,[11] or sulfonyl ketinimines.[12] 

 

Figure 1. [8+2] Cycloaddition reactions of 8–aryl–8–azaheptafulvenes 1. 

Except for the [8+2] cycloadditions with ammonium and N-

heterocyclic carbene enolates (Figure 1, section b),[13] the 

general pattern for this reaction involves a step-way process 

initiated by a nucleophylic attack of the 8-azaheptafulvene 
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nitrogen to an electrophilic substrate and further cyclization of 

the resulting cycloheptadienyl cation (Figure 1, section a).[14] 

Apart from the well-known electron-deficient unsaturated 

reagents, we found interesting to expand the number of 

unsaturated systems that can act as 2 component in these 

[8+2] cyclizations, employing electron-rich substrates such as 

allenamides[15] and ynamides[16]. Both systems are susceptible to 

be transformed into electrophilic intermediates in the presence 

of a catalytic carbophilic species. In the past years, it has been 

well demonstrated that gold catalysis allowed a number of 

different cycloadditions with both substrates,[17,18] through 

processes involving cationic intermediates such as 

vinylimidinium I or ketinimonium II (Figure 1, section c). However, 

higher-order cyclization reactions have not yet been described 

for these compounds. Herein we describe new higher order 

[8+2] cycloaddition reactions of allenamides and ynamides with 

azaheptafulvenes catalyzed by gold. 

Results and Discussion 

Gold-catalyzed [8+2] cycloaddition of allenamides and 8-

azaheptafulvenes: Our study started with an initial experiment 

involving the reaction of 8-azaheptafulvene 1a with 

tosylallenamide 2a in the presence of 5 mol% of (2,4–

ditBuC6H3O)3PAuNTf2 as catalyst in dichloromethane (0.1 M). 

The mixture was maintained at room temperature for 18 h until 

total conversion of the allenamide 2a. To our delight, a new 

product 4a was isolated after purification by column 

chromatography (AlO3/hexanes: ethyl acetate, 5:1) with a 40 % 

yield (Table 1, entry 1). Monodimensional and nuclear 

Overhauser effect (NOE) NMR experiments confirmed the 

structure of 1,8–dihydrociclohepta[b]pyrrole for 4a. With the aim 

of optimizing the reaction conditions, we heated the reagents at 

reflux of 1,2–dichloroethane for 15 min to the completion of the 

reaction, to get an improved yield of 72% (Table 1, entry 2). 

Temperature and reaction time were then modulated to 60ºC 

and 1 h respectively to obtain an 82% isolated yield of 4a (Table 

1, entry 3). Then, 1,2–dichloroethane was confirmed as the most 

effective medium for this reaction after a solvent screening; thus, 

under the same reaction conditions, the conversion and yield 

were significantly lower for non-polar solvents such as toluene, 

hexane, or more polar solvents such as THF or acetonitrile 

(Table 1, entries 4-7). Then, the evaluation of other gold 

catalysts confirmed that the change of the ligand resulted 

ineffective to improve the transformation (Table 1, entries 8,9). 

Furthermore, the use of gold (III) complex did not improve the 

results achieved with the phosphite ligand (Table 1, entry 10). 

The role of the Au catalyst was confirmed later by performing an 

experiment under catalyst-free conditions (Table 1, entry 11) 

without any conversion of the starting products. On the other 

hand, other metal salts, such AgNTf2, ZnCl2 or In(OTf)3 (Table 1, 

entries 12-14) as well as HBF4 Et2O (Table 1, entry 15) did not 

afford any product, resulting in 8-azaheptafulvene 

decomposition. The final optimization included an increase from 

1.1 to 1.3 equiv of 8-azaheptafulvene 1a and a lower 

concentration (0.05 M instead of 0.1 M) that allowed to obtain 4a, 

almost quantitatively (95% isolated yield), after completion of the 

reaction in 1.5 h (Table 1, entry 16). Finally, the reaction was 

scaled-up to 1 mmol with a catalyst charge of 2.5 mol% and 0.1 

M concentration to get the final product with a 96% isolated yield 

in 4 hours (Table 1, entry 17). 

Table 1. Optimization experiments for the reaction between 8–phenyl–8–

azaheptafulvene 1a and allenamide 2a. 

 

Entry{a] catalyst Solvent T/t conv[b] Yield[c] 

1 (ArO)3PAuNTf2[d] DCM rt/18h 100 40 

2 (ArO)3PAuNTf2[d] DCE 84ºC/15m 100 72 

3 (ArO)3PAuNTf2[d] DCE 60ºC/1h 100 82[e] 

4 (ArO)3PAuNTf2[d] Toluene 60ºC/1h 60 49 

5 (ArO)3PAuNTf2[d] Hexane 60ºC/1h 80 36 

6 (ArO)3PAuNTf2[d] THF 60ºC/1h 60 46 

7 (ArO)3PAuNTf2[d] CH3CN 60ºC/1h 64 51 

8  JohnPhosAuNTf2[f] DCE 60ºC/1h 11 7 

9 IPrAuNTf2[g] DCE 60ºC/1h 0 0 

10 PicAuCl2[h] DCE 60ºC/1h 37 40 

11 – DCE 60ºC/1h 0 0 

12 AgNTf2 DCE 60ºC/1h 0 0 

13 ZnCl2[i] DCE 60ºC/1h 0 0 

14 In(OTf)3
[i] DCE 60ºC/1h 0 0 

15 HBF4 Et2O[i] DCE 60ºC/1h 0 0 

16[j] (ArO)3PAuNTf2[d] DCE 60ºC/1.5h 100 95[e] 

17[k] (ArO)3PAuNTf2[d] DCE 60ºC/4h 100 96[e] 

[a] Reaction conditions unless otherwise noted: 1a (0.2 mmol, 1.1 equiv), 2a (1 

equiv), catalyst (5 mol%), solvent (0.1 M). [b] Conversion of 2a, determined by 

NMR with 4–bromobenzaldehyde as internal standard. [c] Determined by 

NMR. [d] Ar= 2,4–ditBuC6H3. [e] Isolated yield. [f] JohnPhos: (2–biphenyl)–di–

tButylphosphine. [g] IPr: 1,3-bis(2,6–diisopropylphenyl) imidazol–2–ylidene. [h] 

PicAuCl2: dichloro(2–pyridinecarboxylate) gold. [i] Catalyst loading 10 mol%. [j] 

1.3 equiv of 1a, DCE (0.05 M). [k] 1a (1 mmol, 1.3 equiv), 2a (1 equiv), 

catalyst (2.5 mol%), DCE (0.1 M). 

To evaluate the scope of the reaction (Scheme 1), we used the 

above-mentioned optimized reaction conditions; then, a 0.05M 

solution in 1,2–dichloromethane of 8–azaheptafulvenes 1 (1.3 

equiv) and allenamides 2 in the presence of (2,4-

ditBuC6H3O)3PAuNTf2 (5 mol%) was heated at 60ºC. First, we 

checked different 8-azaheptafulvenes 1 to get products 4a-d 

with good yields in all cases; moreover, we ascertained that the 

reaction tolerates well, either electron-rich (e.g. 4b, p–OMe)[19] or 

electron-poor (p–Br, p–F) substituents at the phenyl moiety in 

the 8–aryl–8–azaheptafulvene (Scheme 1, products 4a–d). 

https://www.sciencedirect.com/topics/chemistry/nuclear-overhauser-effect
https://www.sciencedirect.com/topics/chemistry/nuclear-overhauser-effect
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Interestingly, the reaction decelerates when the nucleophicity of 

the 8–azaheptafulvene nitrogen decreases (Scheme 1, 4c,d). 

Then, we checked different tosyl allenamides (Scheme 1, 

products 4e–l). Thus, we found that allenamides with highest 

steric demand significantly increased the reaction times (12–14 

h), except for the allenamide containing the electron-donor p-

methoxyphenyl group (Scheme 1, product 4j). Regardless of this, 

all products were obtained with good yields. It is also remarkable 

that products 4i–l were isolated along with the respective minor 

1,4-dyhydro isomers 5i–l formed after a hydrogen 1,5–

sigmatropic rearrangement. On the other hand, 1,2–

disubstituted–1,8–dihydrocyclohepta[b]pirrole 4m was obtained, 

with poorer yield (38%) from the reaction of a -ethyl substituted 

allenamide; furthermore, in this case, softer conditions should be 

used. 

Finally, we used other allenamides instead tosylallenamides. 

Thus, in the case of the mesyl and the oxazole–2–one derived 

allenamides (Scheme 1, products 4n,o) the reaction is more 

sluggish (12 h vs 1.5 h for 4a) under the same reaction 

conditions. In the other hand, pyrrolidin–3–one derived 

allenamide gave poorer yields (4p, 41% at 40ºC). 

 

Scheme 1. Cycloaddition reaction of 8-aryl-8-azaheptafulvenes 1 and 

allenamides 2. 

To get insight into the reaction mechanism, we have monitored 

some reactions at shorter reaction times and lower temperatures 

(Scheme 2) Thus, the reaction between p-Br substituted 8-aryl-

8-azafulvene 1c and tosyl allenamide 2a at 60ºC for 0.5 h gave 

an approximately equimolecular mixture of adduct 4c and its 

isomer 6c[20] in accordance with the 1H-NMR of the crude 

reaction mixture; moreover, we observed the increase of 4c ratio 

at longer reaction time until complete transformation of 6c in 3 h 

(Scheme 2). On the other hand, when pyrrolidin–3–one 

allenamide 2p reacts with 8-tolyl-8-azaheptafulvene 1a at rt, 

[8+2] cycloadduct 6p and 4p were formed after 27 h in a 2.6:1 

ratio, respectively. Additionally, 6p was the mayor isomer (9.2:1) 

observed after 3 h at 40 ºC;[21] subsequently, if the reaction is 

allowed to progress to 6 h. it was completely transformed into 4p. 

Alternatively, a longer heating period (15 h) was required for the 

quantitative transformation of isolated 6p at 40ºC in DCE without 

gold catalyst. 

 

Scheme 2. Formation and transformation of intermediate cycloadducts 6. 

Isomer ratios determined by1H NMR of the reaction crudes. 

Scheme 3 shows our hypothesis on the mechanism of the 

reaction, according to our results and observations as well as to 

the precedents in allenamide gold catalysis.[22] The reaction 

would start from the complexation of gold catalyst to allenamide 

2 to form allylic cationic intermediate I, that undergoes 

nucleophilic attack of the nitrogen of the azaheptafulvene to form 

intermediate III. This intermediate would cyclize to 6. Under the 

reaction conditions, the final rearrangement to deliver 1,8–

dyhydrocyclohepta[b]pyrrole derivatives 4, is likely to be 

catalyzed by the gold complex. The rearrangement can also 

take place in the absence of catalyst, although longer reaction 

times are needed. 

 

Scheme 3. Proposed mechanism for the cycloaddition reaction of 8-aryl-8-

azaheptafulvenes 1 and allenames 2. 
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Gold-catalyzed [8+2] cycloaddition of ynamides and 8-

azaheptafulvenes: as we said in the introduction, ynamides are 

potential 2 components in [8+2] cycloadditions of 8-

azaheptafulvene through the formation of electrophilic 

ketinimonium intermediates II by coordination to a gold catalyst 

(Figure 1, section c). In this way, our first experiment was carried 

out with 8–azaheptafulvene 1a and tosylynamide 3a in the 

reaction optimized conditions for allenamides (Table 2); 

accordingly, a solution of these compounds in DCE (0.1 M) was 

heated at 60ºC (Table 2, entry 1) in the presence of (2,4-

ditBuC6H3O)3PAuNTf2 (5 mol%) as catalyst. The reaction 

finished after 21 h, and a new product 7a was isolated in a 79% 

yield for a 90% conversion after chromatographic purification 

(AlO3, hexanes:ethyl acetate, 20:1). This new product was 

identified by NMR experiments as the 1-amido-1,4-

dihydrocyclopenten[b]pyrrole 7a, resulting from a regioselective 

[8+2] cycloaddition of 1a and 3a. Optimization studies of the 

reaction conditions allowed us to conclude that longer reaction 

times did not lead to better conversion of tosylynamide 3a. Thus, 

when we tried other catalyst system such as JohnPhosAuNTf2, 

in the same reaction conditions (Table 2, entry 2), 7a was 

obtained only in a 52% yield (determined by NMR); however, the 

reaction ran with better conversion/yield ratio (56/52 vs 90/79). 

Considering this result, we raised the temperature to 110 ºC, in 

toluene as solvent and JohnPhosAuNTf2 as catalyst to obtain 7a 

with a 90% isolated yield for a 100% conversion (Table 2, entry 

3). Once again, catalyst–free conditions (Table 2, entry 4) did 

not get any reaction, as well of other catalytic systems such as 

HBF4.Et2O or In(TfO)3 (Table 2, entries 5–6). 

Table 2. Optimization experiments for the cycloaddition reaction between 8–

phenyl–8–azaheptafulvene 1a and ynamide 3a. 

 

Entry[a] catalyst Solvent T(ºC)/t(h) Yield %[b] 

1 (ArO)3PAuNTf2[c] DCE 60/21 79[d 

2 JohnPhosAuNTf2[e] DCE 60/21 52[f,g] 

3 JohnPhosAuNTf2 Toluene 110/4.5 90[h] 

4 - Toluene 110/4.5 0 

5 HBF4.Et2O Toluene 110/4.5 0 

6 In(OTf)3 Toluene 110/4.5 0 

[a] 1a (0.2 mmol, 1.5 eq,) 3a (1 equiv), catalyst (5 mol%), solvent (0.1 M). [b] 

Isolated yield. [c] Ar = 2,4–ditBuC6H3. [d] Conversion of 3a 90%. [e] JohnPhos: 

(2–biphenyl)di–tBuphosphine. [f] Conversion of 3a 56%. [g] Determined by 

NMR using 4–bromobenzaldehide as internal standard. [h] Conversion of 3a 

100%. 

Next, we studied the scope of the reaction with these optimized 

reaction conditions using different 8-azaheptafulvenes 1 and 

ynamides 3 (Scheme 4). First, we proved that the [8+2] 

cycloaddition reaction of tosylynamide 3a also works well, with 

good to moderated yields, for different substitution at the aryl 

moiety of the 8-azaheptafulvene, such as electron donating (p–

OMe, 7b) or electron withdrawing groups (p–Br, 7c). Other 

substitution at the -carbon of the ynamide (R4) was also 

checked; in this case, alkyl (R4 = methyl) or alkenyl (R4 = 

methylethenyl) substituted ynamides gave complex mixtures; on 

the other hand, 3–unsubstituted [8+2] cycloadduct 7f was 

obtained with low yield (22%) from the corresponding terminal 

ynamide, after completion of the reaction in a short time (45 min). 

Moreover, product 7f could also be obtained with best yield 

(59%) after a desilylation process of the unstable 3–trimethylsilyl 

derived adduct obtained from the corresponding trimethylsilyl 

ynamide 3m (R4 = trimethylsilyl). On the other hand, adduct 7g 

was obtained in a 76% yield after only 40 min, from the 

corresponding carboxylate substituted ynamide. Finally, 

ynamides derived from oxazolidinone were also tested, these 

compounds, which were also useful in different gold catalyzed 

transformation, were subjected to the same reaction conditions 

as tosyl ynamides to give the corresponding adducts 7h–l with 

different aryl groups at the –position, in good yields and shorter 

reaction times (Scheme 4). 

 

Scheme 4. Cycloadducts obtained from of 8–aryl–8–azaheptafulvenes 1 and 

ynamides 3. 

According to these results and previous gold-catalyzed ynamide 

cycloadditions, our proposed mechanism would start from the 
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nucleophilic attack of the azaheptafulvene nitrogen to the -

carbon of the gold keteneinimium intermediate II[23] followed by 

intramolecular cyclization of IV to intermediate V and 

regeneration of the gold catalyst, to give 7 after hydrogen 1,5–

shift (Scheme 5). 

 

Scheme 5. Proposed mechanism for the cycloaddition reaction of 8–aryl–8–

azaheptafulvenes 1 and ynamides 3. 

Conclusions 

In conclusion, we have described here new gold(I)-catalyzed 

higher–order [8+2] cyclizations of 8–azaheptafulvenes and 

electron-rich unsaturated systems as 2 components. The [8+2] 

cycloaddition of 8–azaheptafulvenes and allenamides takes 

place in the presence of Au(I) catalyst to give regioselectively 

1,8–dihydrocyclohepta[b]pyrroles with good yields and a broad 

scope. On the other hand, ynamides undergo a similar 

regioselective [8+2] gold(I) catalyzed cycloaddition to give 1–

amido–1,4–dihydrocyclohepta[b]pyrroles, also with good yields. 

Both reactions involve step-way processes initiated by the 

formation of electrophilic intermediates after coordination of 

cationic gold either to the allene or triple bond moieties, followed 

by nucleophilic attack of the heptafulvene nitrogen and 

subsequent cyclization. This is the first higher–order reaction 

that implies the use of a metal catalyst with allenamides and 

ynamides. 

Experimental Section 

Typical procedure. Preparation of 1,8–dihydrocyclohepta[b]pyrrole 

4a. A solution of 8–phenyl–8-azaheptafulvene 1a (47.1 mg, 0.26 mmol, 

1.3 equiv.), allenamide 2a (44,7 mg, 0.2 mmol, 1 equiv) and (2,4–

ditBuC6H3O)3PAuNTf2 (11.0 mg, 5 mol%) in 1,2–dichloroethane (4 mL, 

0.05M) was heated at 60 ºC. The reaction was monitored by TLC until 

the complete disappearance of the allenamide 2a (1.5 h). Then, 

triphenylphosphine (5 mg, 10 mol%) was added, and the solvent was 

removed. The resulting crude was purified by neutral alumina column 

chromatography (Hexane/EtAcO, 5:1). The product was obtained in 95% 

yield (79.5 mg) as a yellow solid. Rf = 0.30 (hexane/EtAcO 5:1); m.p.  51–

52ºC (decomp); 1H NMR (300 MHz, CDCl3): δ= 7.75 (m, 2H), 7.36 (m, 

2H), 7.27–7.18 (m, 2H), 7.16 (m, 2H), 7.02 (d, 3J= 11.2 Hz, 1H), 6.67 (s, 

1H), 6.24 (dd, 3J= 11.2, 5.7Hz, 1H), 6.12 (dd, 3J= 10.2, 5.7Hz, 1H), 5.40 

(dt, 3J= 10.2, 6.3 Hz, 1H), 4.13 (s, 2H), 3.06 (d, 3J= 6.3 Hz, 2H), 2.67 (s, 

3H), 2.47 (s, 3H), 2.44 ppm (s, 3H); 13C NMR (75 MHz, CDCl3): δ= 143.2 

(C), 137.2 (C), 136.5 (C), 134.1 (C), 129.9 (CH), 129.6 (CH), 128.3 (CH), 

127.7 (CH), 126.2 (C), 125.3 (CH), 124.9 (CH), 123.4 (CH), 122.3 (CH), 

120.5 (C), 120.2 (CH), 115.1 (C), 45.7 (CH2), 34.1 (CH3), 24.8 (CH2), 

21.5 (CH3), 21.1 ppm (CH3); HRMS (EI): m/z calcd for C25H26N2O2S: 

418.1715 [M]+; found: 418.1714. 

Typical procedure. Preparation of 2-amido-1,6-dihydrocyclohepta[b] 

pyrrole 7a. A solution of 8–phenyl–8–azaheptafulvene 1 (54.3 mg, 0.3 

mmol, 1.5 equiv.), ynamide 3a (57.0 mg, 0.2 mmol, 1 equiv) and 

JohnPhosAuNTf2 (8.0 mg, 5 mol%) in toluene (2 mL, 0.1 M) was heated 

at 100 ºC. The reaction was monitored by TLC until the complete 

disappearance of the ynamide 3 (4.5 h). Then triphenylphosphine (5 mg, 

10%) was added and the solvent was removed. The resulting crude was 

purified by silica column chromatography (hexane/EtAcO, 20:1). The 

product was obtained in 90% yield (86.4 mg) as a yellow solid; Rf = 0.33 

(hexane/EtAcO 9:1); m.p. 84–86ºC (decomp); 1H NMR (300 MHz, 

CDCl3): δ= 7.75–7.16 (m, 9H), 7.16–7.02 (m, 2H), 6.95–6.80 (m, 2H), 

6.46 (d, 3J= 9.5 Hz, 1H), 6.18 (d, 3J= 9.8 Hz, 1H), 5.47–5.27 (m, 2H), 

3.14 (s, 3H), 2.84–2.68 (m, 1H), 2.50–2.35 (m, 1H), 2.48 (s, 3H), 2.32 

ppm (s, 3H); 13C NMR (75 MHz, CDCl3): δ= 142.6 (C), 138.5 (C), 136.3 

(C), 134.3 (C), 133.8 (C), 132.3 (C), 129.8 (CH), 129.0 (CH), 128.1 (CH), 

127.3 (CH), 126.8 (C), 126.3 (CH), 123.3 (CH), 121.9 (C), 121.1 (C), 

119.6 (CH), 119.3 (CH), 116.3 (CH), 40.4 (CH3), 27.1 (CH2), 21.4 (CH3), 

21.3 ppm (CH3); HRMS (ESI): m/z calcd for C30H25O2S+Na+: 503.1769 

[M +Na]+; found: 503.1764 
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Gold (I)-catalyzed higher-order cycloaddition. 8–Aryl–8–azafulvenes undergo a regioselective gold catalyzed [8+2] cycloaddition 

with electron–rich allenamines and ynamides to give dihydrocyclohepta[b]pyrrole derivatives. The cyclization takes place after the 

nucleophilic attack of the heptafulvene to the electrophilic intermediates formed by the coordination of cationic gold to either allene or 

triple bond moieties of the unsaturated systems. 

 


