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ABSTRACT: We report an efficient synthesis of furopyrans through a gold(I)-catalyzed domino reaction. Starting from the same 
source, and by changing the solvent of the reaction, two classes of furopyrans are accessible. During this one-step process, which 
takes place in DMF, two bonds and two heterocycles are formed. DFT calculations furnish the mechanistic understanding of this 
transformation. The sequence includes a 5-endo-dig cyclization, a regioselective 8-endo-dig cyclization, a retro 8p and a 6p electro-
cyclization.  

Heterocycles are frequently found in biologically active nat-
ural and unnatural compounds, and, many drugs and agrochem-
icals include heterocyclic structures.1 Among heterocycles, 
furopyran scaffolds are the structural fragments of many natural 
compounds and synthetic biologically active substances such as 
hyperaspidinol or coumestrol and derivatives from the pterocar-
pans family (Scheme 1).2 

Scheme 1. Furopyran scaffolds. 

 
Significant advances toward the synthesis of heterocyclic 

scaffolds have been achieved in homogeneous gold catalysis.3 
Besides, over the past decade, homogeneous gold catalysis as 
part of domino processes has been the subject of intense re-
search because of its potential to rapidly build molecular com-
plexity.4 

In this context, we have previously reported the synthesis of 
complex furopyran derivatives 2 through a gold(I)-catalyzed 
hetero Diels-Alder (HDA) domino reaction (Scheme 2).5 We 

have shown that in 1,4-dioxane, the diene and the dienophile 
are formed simultaneously from 1 by a unique catalyst action. 
Continuing our exploration in this field, we report herein the 
synthesis of new furopyran derivatives 3, starting from the same 
starting material 1, and only by changing the solvent of the re-
action to DMF.  
Scheme 2. Gold(I)-catalyzed cascade reaction for the syn-
thesis of furopyran derivatives 2 and 3. 

 
During this one-step transformation, two bonds, two hetero-

cycles and a quaternary center are formed with 100% atom 
economy.6 DFT calculations furnish the mechanistic under-
standing of this transformation. 
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To explain the formation of products 2 and 3 (Scheme 3), we 
proposed two different pathways (I and II, Scheme 3). The co-
ordination of compound 1 by the cationic gold(I) complex leads 
to the p-alkyne complex 4, permitting a 5-endo-dig cyclization 
of the alcohol to the triple bond producing the vinyl-gold oxo-
nium 5.7 A protodeauration is followed by the formation of a 
new gold(I) complex by coordination of the residual triple bond, 
giving the activated intermediate 6. This intermediate under-
goes an 8-endo-dig cyclization8 of the previously formed enol 
to the alkyne,9 giving complex 7. From the common intermedi-
ate 7, two pathways are possible, I and II.10 As previously de-
scribed,5a complex 7 undergoes a Grob-type fragmentation, set 
off by the gold release, forming heterodiene 8 bearing an allene 
group (Pathway II).11 A HDA between heterodiene 8 and dieno-
phile 9 occurs to give the final compound 2 upon a gold(I)-cat-
alyzed hydroarylation.12 For Pathway I, complex 7 undergoes a 
protodeauration, triggered by the conjugation of the p system, 
leading to the formation of cyclooctatriene 10. Then, an 8p 
retro-electrocyclization and a subsequent 6p electrocyclization 
afford the desired furopyran 3. As shown below, playing only 
with solvents, we succeeded to find the optimized conditions in 
which the protodeauration of 7 is fast enough to give 3, or suf-
ficiently slow to allow the formation of 2. 
Scheme 3. Proposed mechanism for the formation of 2 and 
3. 

 
Solvents play an important role in gold(I) chemistry, espe-

cially during the crucial protodeauration step. Indeed, the pro-
ton transfer can be assisted by the solvent, the adventitious wa-
ter it may contain if hygroscopic, the counterion which can be 
virtually free in a polar environment, or nucleophiles present in 

the reaction mixture. 13 Considering the solvent by itself, de-
pending on its hydrogen-bond basicity (pKBHX), it may act as a 
proton shuttle, enhancing the efficacy of gold(I)-catalyzed re-
actions through hydrogen-bonding assisted protodeauration.13 
In this context, various solvents were tested, and depending on 
their pKBHX, the pathways I or II were favored, giving access to 
compounds 2 or 3 exclusively. In order to optimize the reaction 
conditions, substrate 1a was used as model substrate (Table 1).  
Table 1. Optimization of the reaction conditions.[a] 

 
En-
try 

Catalyst Solvent 
(pKBHX) 

Temp. 
/Time 

Yield (%)[b] 

1 Cat. A DCE  
(-0.6) 

RT/3 h 52[b] (2a) 

2 Cat. A THF (1.3) RT/3 h 41[c] (2a) 
3 Cat. A CH2Cl2  

(-0.8) 
RT/3 h 60[b] (2a) 

4 Cat. A CHCl3  

(-)[f] 
RT/3 h 62[b] (2a) 

5 Cat. A Dioxane 
(0.7) 

RT/3 h 61[c] (2a) 

6[g] Cat. A Dioxane 60 °C/20 min[e] 68[b] (2a) 
7 Cat. A DMF (2.1) 60 °C/20 min[e] 77[b] (3a) 
8 Cat. A DMF RT/3 h 53[b] 

(10a/3a:1/1) 
9 Cat. A DMF 60 °C/3 h 57[b] (3a) 
10 Cat. A DMSO 

(2.0) 
60 °C/3 h 56[b] (3a) 

11 Cat. B DMSO 60 °C/3 h 55[b] (3a) 
12 (Ph3P)AuCl/ 

AgSbF6 
DMF 60 °C/3 h CM[d] 

13 (Ph3P)AuNTf2 DMF 60 °C/3 h CM[d] 
14 Cat. 

C/AgSbF6 
DMF 60 °C/3 h CM[d] 

15 Cat. 
D/AgSbF6 

DMF 60 °C/3 h CM[d] 

[a] The reactions were performed in the presence of the catalyst 
(5 mol%) and 1a in the indicated solvent (0.145 M). [b] Isolated 
yield. [c] Calculated yield by integration of the 1H-NMR of the 
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crude product relatively to the internal reference (caffeine). [d] 
CM: Complex mixture. [e] With microwave irradiation. [f] No data 
in the literature. [g] With 1.0 equiv of Et3N, 9a (major product) and 
3a (traces). 

As previously described,5a the use of solvents such as DCE, 
DCM, CHCl3, 1,4-dioxane and THF in the presence of the pre-
activated cationic gold(I) complex A affords 2a with at best 
68% yield (entries 1-6).5 pKBHX of such solvents are between -
0.5 and 1.3, seemingly not high enough to favor the proto-
deauration, leaving the Grob-type fragmentation prevailing to 
give 2a. By using solvents with pKBHX ³ 2 , we observed the 
selective formation of a new product, furopyran 3a (entry 7, 
77% yield in DMF). The structure of 3a was unambiguously 
determined by 1H and 13C NMR experiments. During this trans-
formation, two bonds and two heterocycles, including a fused 
system, were formed, as well as one quaternary carbon. We next 
screened other reaction conditions. A mixture of cycloocta-
triene 10a and furopyran 3a was observed at room temperature 
for 3 h, with 53% overall yield (entry 8). At 60 °C, only the 
furopyran 3a was observed with 57% yield (entry 9). A similar 
result was obtained using DMSO as solvent in the presence of 
catalyst A or B (56% and 55% yield, entries 10 and 11). The 
use of (Ph3P)AuCl/AgSbF6 (entry 12), (Ph3P)AuNTf2 (entry 
13), C/AgSbF6 (entry 14) and D/AgSbF6 (entry 15) only gave a 
complex mixture of not separable compounds. Eventually, the 
use of DMF with catalyst A at 60 °C for 20 min under micro-
wave irradiation were the best conditions to obtain 3a with good 
yield. 

We then investigated the scope of this new gold(I)-catalyzed 
domino reaction. The optimized conditions were tested on a 
wide range of substrates 1 and yields between 29% and 77% 
were obtained (Scheme 4).  The use substrates bearing aromatic 
or heteroaromatic groups at the alkyne terminus is a require-
ment as the presence of a hydrogen atom or an aliphatic group 
at this position, lead to complex mixtures. Aryl groups display-
ing electron-donating or -withdrawing groups at the meta or 
para positions were well accepted (3b-3j). The use of ortho-
substituted aryl groups inhibits the reaction because of the steric 
hindrance. Thiophene and benzothiophene derivatives gave as 
well good results (3k and 3l). On the other hand, no conversion 
was observed with a 2-pyridyl substituent, the catalytic activity 
might be inhibited by the strong coordinative power of pyri-
dines towards gold(I).15 Finally, with a phenyl group and a CF3 
group on the central aromatic ring, compounds 3m and 3n were 
isolated in 68% and 44% yield respectively. In some cases, 
traces of cyclooctatrienes 10 was observed and was not separa-
ble from products (3k, 3l, 3m, 3n, less than 10% of impurity). 

All of these compounds (3a-3n) undergo slow degradation 
once isolated. This instability is due to the presence of the bi-
sallylic ether. Partial hydrogenation of 3a was accomplished 
with platinum oxide in 1 h at room temperature in 99% yield 
(Scheme 5). Reduction of the exocyclic alkene renders the re-
sulting compound 12 stable for months.   

DFT computations were performed in order to support the 
mechanistic hypothesis formulated in Scheme 3 regarding the 
formation of type 3 products (see the Supporting Information 
for details). The formation of type 2 compounds was already 
computed in our previous paper.5a  
Scheme 4. Synthesis of furopyran derivatives 3. 

 
Scheme 5. Reduction of furopyran 3a. 

 
 

Compound 1a and (2-biphenyl)dimethylphosphine were used 
as models (Scheme 6). The combination of LAu+ and 1a leads 
to the p-alkyne complex A, releasing 11.8 kcal/mol of free en-
ergy. The latter undergoes a 5-endo-dig cyclization through the 
transition state TSAB, located at 2.6 kcal/mol on the potential 
energy surface (PES), to form the protonated dihydrofuran B. 
This complex is less stable than A, but the protodemetalation 
leading to C is strongly exergonic by 26.6 kcal/mol. The dihy-
drofuran moiety of C then reacts with the coordinated alkyne 
via the 8-endo-dig transition state TSCD, lying at -16.0 kcal/mol 
on the PES. This step liberates 3.7 kcal/mol of free energy. The 
formation of E by intramolecular protodemetallation would 
represent an unlikely  symmetry-forbidden 1,3-H shift. It thus 
requires a proton shuttle, such as solvents (DMF or DMSO), 
counterion, trace of water, etc. In any case, this process is mark-
edly exergonic in DMF, placing E at -41.1 kcal/mol on the sur-
face (i.e. a gain of 11.3 kcal/mol, compared to only 4.0 kcal/mol 

O

O

Ph

3a 77%

O

O OMe

3b 72%

O

O
3c 29%

OMe

O

O
3d 65%

A (5 mol%)
DMF

MW 60 °C
20 min

O
Ar

OH
1

O

O

Ar

3

R R

O

O

NO2

3e 63%

O

O

3f 66%

NO2

O

O

Ph

3n 44%

CF3

O

O

CF3

3g 70%

O

O

Cl

3h 57%

O

O F

3i 40%

O

O F

3j 49%

Br

O

O Cl

 0%

O

O

S

3k 62%

O

O

S

3l 58%

O

O

0%

N

O

O

Ph

3m 68%

O

O

 0%

O

O

Ph

12 99%

PtO2 O

O

Ph
AcOEt 

1 h

H2 1 atm

3a



 

in dioxane). Ring-opening of E is achieved through the retro-
8p transition state TSEF at the expense of 20.4 kcal/mol. The 
obtained furodienone F is less stable than E by 9.2 kcal/mol, by 
is easily converted into the final product G by 6p-electrocy-
clization, occurring via the transition state TSFG, which lies at -
24.5 kcal/mol. Furopyrane G is more stable than cycloocta-
triene E by 2.0 kcal/mol only, thus it is not surprising that 10a 
could be detected at lower temperatures. 
Scheme 6. Computed free energy profile (ΔG298, kcal/mol; 
M06/def2-QZVP(Au),6-311+G(2d,p)) of the formation of 
the furopyran G and geometries of TSEF and TSFG. 

 

In conclusion, we have developed a new domino reaction giving 
access to furopyran derivatives of type 4H-furo[3,2-c]pyran 3. 
During this work, we have studied the solvent effect on a gold 
catalyzed domino reaction and we have shown that, depending 
on the solvent of the reaction, two classes of furopyran deriva-
tive are accessible: 4H-furo[2,3-b]pyrans 2 which are formed in 
1,4-dioxane and 4H-furo[3,2-c]pyrans 3 which are obtained in 
DMF. DFT calculations support the mechanistic hypothesis of 
a consecutive 5-endo-dig and 8-endo-dig cyclizations, followed 
by a retro 8p and finally a 6p electrocyclization. 
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