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Furoquinoline and Thienoquinoline Derivatives
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A facile synthetic method to access furoquinoline and 

thienoquinoline derivatives has been disclosed via a thermal 

induced ring-opening and cyclization reaction from ortho-

aminoaryl-tethered alkylidenecyclopropanes with in situ 

generated isocyanates or isothiocyanates. These reactions 

exhibited excellent yields and functional group tolerance under 

metal free conditions. 

Quinoline scaffolds are probably the most ubiquitous 

heterocycles that widely existed in natural products,
1
 

medicinal agents
2
 and functional materials.

3
 Notably, 

furoquinoline alkaloids, which represent diverse 

pharmacological and biological properties including 

antimicrobial, antitumor and antiemetic activities,
4
 are widely 

distributed among plants of Rutaceae and Solanaceae family.
5
 

However, until now, most existing accesses to furoquinoline 

were linear and involved harsh reaction conditions. Therefore, 

new synthetic methods to furoquinoline derivatives have been 

extensively pursued during the recent years.
6
 On the other 

hand, thienoquinoline derivatives are also known to possess 

antibacterial, antifungal, antiviral, anti-inflammatory and 

antiparasitic activities.
7
 Last several years have witnessed 

vigorous synthetic methods for the construction of 

thienoquinolines.
8
 However, such procedures are often 

accompanied by poor yields, undesired side products, vigorous 

reaction conditions, expensive or toxic reagents and tedious 

work-up. Therefore, we are urgent to develop simpler, general, 

and convenient processes using easily available starting 

materials for the synthesis of such useful substances.  

Alkylidenecyclopropanes (ACPs), as highly strained but 

readily accessible molecules, are useful building block in 

organic synthesis.
9
 In the past decades, numerous outstanding 

works to rapidly access complex polycyclic frameworks by 

cyclization of ACPs have been achieved in the presence of 

transition metals or Lewis acids.
10

 As an important C3 synthon, 

[3+2] cyclization reactions of ACPs have attracted intensive 

attention.
11

 For example, in 2001, Yamamoto’s group has 

developed a palladium-catalyzed [3+2] cycloaddition of ACPs 

and aldehydes for synthesis of exo-methylene tetrahydrofuran 

derivatives (Scheme 1, eq. 1).
11a

 Thereafter, our group has also 

reported that ACPs can undergo [3+2] cycloaddition with 

aldimines to afford corresponding pyrrolidine skeletons in the 

presence of BF3
.
OEt2 in good yields (Scheme 1, eq. 2).

11d
 

Moreover, Mascareñas’s group disclosed the first palladium-

catalyzed intramolecular [3+2] cycloaddition of ACPs with 

allenes in high efficiency (Scheme 1, eq. 3).
11h

 More recently, 

Zhang’s group developed a nickel-catalyzed intramolecular 

cycloaddition of ACPs with arylalkynes
11l

 and Wu’s group 

discovered a novel cascade formal [3+2] cycloaddition of ACPs 

with ketenimine intermediate to generate fused indolines 

(Scheme 1, eq. 4).
11m

 Herein we wish to report an 

unprecedented thermal induced formal [3+2] cyclization 

reaction of ACPs with in situ generated isocyanates or 

isothiocyanates for convenient synthesis of furoquinoline and 

thienoquinoline derivatives with excellent yields and 

functional group tolerance under metal free conditions.  

We initially investigated the formal [3+2] cyclization reaction 

of ortho-aminoaryl-tethered alkylidenecyclopropane 1a with in 

situ generated isocyanate. As shown in Table 1, we proceeded 

with a simplified optimization study by initially varying the 

amount of triethylamine while maintaining one third equiv of 

triphosgene (BTC).
12

 To our delight, when the reaction was 

conducted under reflux in DCE (1,2-dichloroethane) with 1.0 

equiv of triethylamine, tricyclic furoquinoline derivative 2a was 

predominantly produced along with quinolinone derivative 4a 

formation (Table 1, entry 1). According to our hypothesis, 

increasing the amount of triethylamine would inhibit the 

formation of undesired quinolinone derivative. Increasing the 

loading of triethylamine to 2.0 equiv afforded 2a and 4a in 

81% and 17% yields (Table 1, entry 2). Gratifyingly, 2a could be 
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isolated in up to 99% yield and 4a was totally suppressed when 

3.0 equiv of triethylamine was added (Table 1, entry 3). Indeed, 

when 4a was treated with 1.0 equiv of triethylamine, 4a could 

be transformed into 2a in 99% yield. The solvent effect and the 

temperature were also examined and no better results could 

be realized (Table 1, entries 4-6). 

 

 
Scheme 1 [3+2] cyclization reactions of ACPs 

Table 1 Optimization of the reaction conditions for the synthesis of furoquinoline 2a 

 

a
 Reaction conditions: 1a (0.30 mmol), BTC (1/3 eq.), Et3N (y eq.), solvent (3.0 mL), 

air atmosphere, reflux, 2 h. 
b
 Isolated yield. 

c
 At 70 

o
C. 

Under the optimized conditions (3.0 equiv of triethylamine, 

1/3 equiv of BTC in DCE under reflux for 2 h), we next surveyed 

the substrate scope of this reaction and the results are shown 

in Table 2. When R
1
 is an aryl group, we firstly examined the 

electronic effect at the para-position of the benzene ring: as 

for substrates 1b-1f, the reactions could all proceed smoothly 

to furnish the desired products 2b-2f in 92-96% yields 

regardless of whether they have electron-rich or electron-poor 

aromatic ring (Table 2, entries 2-6). For the meta-substituted 

and ortho-substituted substrates, the reactions were also well 

tolerated under the reaction conditions, providing the desired 

products 2g-2j in excellent yields (Table 2, entries 7-10). 

Furthermore, when R
2
 was substituted by OMe group and Cl 

atom, the desired products 2k-2m were isolated in excellent 

yields ranging from 90% to 98% (Table 2, entries 11-13). As for 

both phenyl rings substituted substrates 1n and 1o, the 

reactions also proceeded efficiently, giving the corresponding 

products 2n and 2o in 84% and 95% yields, respectively (Table 

2, entries 14 and 15). Substrate 1p, replacing aryl group with a 

methyl group, could also afford the corresponding product 2p 

in 97% yield (Table 2, entry 16). 2q could also be isolated in 

77% yield when R
1
 was substituted by hydrogen atom (Table 2, 

entry 17). The structure of 2c and 4c were determined by X-ray 

analysis.
13

  

Table 2 Reaction Scope: Synthesis of furoqinolines 2 

 

a
 Reaction conditions: 1 (0.60 mmol, 1.0 eq.), BTC (0.20 mmol, 1/3 eq.), Et3N (1.80 

mmol, 3.0 eq.), DCE (6.0 mL), reflux, 2 h. 
b
 Isolated yield.  

We then turned our attention to investigate the formal [3+2] 

cyclization reaction of ortho-aminoaryl-tethered 

alkylidenecycloproane with in situ generated isothiocyanate. 

We were also delighted to discover that the corresponding 

desired thienoquinoline 3a was achieved in excellent yield in 

up to 99% yield when 1a was treated with 4.0 equiv of CS2 and 

4.0 equiv of DABCO in toluene at 80 
o
C for 8 h. Then the 

optimized reaction conditions were employed to investigate 

the substrate scope for the synthesis of thienoquinoline and 

the results are shown in Table 3. As for aryl substituted R
1
 with 

different substituents on the aromatic ring, the reactions could 

all proceed smoothly to furnish the desired products 3b-3j in 

excellent yields ranging from 87% to 97% which revealed that 

electronic effect and substituent position had no obvious 

impact to the reaction outcomes (Table 3, entries 2-10). 

Changing R
2
 to OMe group or Cl atom, the reaction proceeded 

smoothly, furnishing the desired products 3k-3m in 90%-93% 

yields (Table 3, entries 11-13). Both phenyl ring substituted 

substrates 1n and 1o were also tolerable, giving the 

corresponding products 3n and 3o in 85% and 88% yields, 

respectively (Table 3, entries 14 and 15). Similarly, when R
1
 

was replaced by methyl group or hydrogen atom, the reactions 

still proceeded efficiently to afford the desired products 3p 

and 3q in 75% and 98% yields, respectively (Table 3, entries 16 

and 17). The structure of 3a was confirmed by single crystal X-

ray analysis.
14

 

To further illustrate the synthetic value of this protocol, the 

obtained product 2a was conducted with 1.5 equiv of 2,3,5,6-

dichlorodicyanoquinone (DDQ) in chlorobenzene under reflux 
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and we found that the corresponding dehydrogenative 

product 5a could be isolated in 50% yield. 6a was also 

obtained in 76% yield when 3a was used to react with 1.5 

equiv of DDQ in toluene at 80 
o
C. Furthermore, a gram-scale 

synthesis of 2a and 3a was carried out to test the practicality 

of this new methodology. We were delighted to find that 5.0 

mmol scale reaction produced 1.18 grams of 2a in 96% yield 

and 1.17 grams 3a in 89% yield, thus indicating that this 

transformation is easy to scale-up to gram scale without loss of 

reaction efficiency (Scheme 2 and more information is 

included in Schemes S1 and S2, ESI†). 

Table 3 Reaction Scope: Synthesis of thienoquinoline 3 

 

a
 Reaction conditions: 1 (0.50 mmol, 1.0 eq.), CS2 (2.0 mmol, 4.0 eq.), DABCO (2.0 

mmol, 4.0 eq.), toluene (5.0 mL), 80 
o
C, 8 h. 

b
 Isolated yield.  

 

 
Scheme 2 Transformations and gram-scale synthesis of 2a and 3a. 

To gain more insights into the reaction mechanism for the 

formal [3+2] cyclization of ortho-aminoaryl-tethered 

alkylidenecyclopropane with in situ generated isocyanates or 

isothiocyanates. A well-known radical scavenger 2,2,6,6-

tetramethyl-1-piperidinyloxy (TEMPO) was used to react with 

1a under the above optimized reaction conditions respectively 

and the reaction outcomes were unaffected. Moreover, the 

other conventional radical scavenger, 2,6-di-tert-butyl-4-

methylphenol (BHT), also did not inhibit the formation of 2a 

and 3a, thus excluding the intervention of a radical reaction 

pathway. Furthermore, ortho-aminoaryl-tethered 

alkylidenecyclobutane 7 was also performed under the 

optimization reaction conditions. However, only non-cyclic 

product 8 was formed instead of pyran-fused quinoline. 

Moreover, upon heating with conc. hydrochloric acid, 2a was 

transformed into 4a almost in quantitative yield, which 

indicated that the reaction preferentially produced 2a, and 4a 

was obtained owing to the released hydrochloric acid 

originated from the reaction system (Scheme 3 and more 

information is included in Schemes S3, S4, S5 and S6, ESI†). 

Based on the above results and the previously reported 

literature,
11m, 11n, 12, 15

 a plausible mechanism of formal [3+2] 

cyclization of ortho-aminoaryl-tethered 

alkylidenecyclopropane has been proposed in Scheme 4. As for 

the synthesis of furoquinoline, it is a common sense that 

intermediate A is formed when Et3N is treated with 

triphosgene. Then isocyanate-tethered alkylidenecyclopropane 

B is formed when 1a reacts with intermediate A, followed by a 

thermal induced 6π-electrocyclization to produce intermediate 

C,
16

 which subsequently undergoes a rearrangement to 

produce the corresponding furoquinoline 2a. At this stage, 4a 

would be produced if triethylamine was not excess, because 

2a could react with released hydrochloric acid from the 

reaction system. As for the synthesis of thienoquinoline, we 

believe that the reaction begins with a rapid formation of 

dithiocarbamate salt D. Subsequently isothiocyanate-tethered 

alkylidenecyclopropane E is formed upon heating, followed by 

a consecutive 6π-electrocyclization and rearrangement to 

produce the corresponding thienoquinoline 3a. 

 
BTC (1/3 eq.), Et3N (3.0 eq.)

DCE, reflux, 2 h

no additive: 99% yield
additive: TEMPO, 92% yield
additive: BHT, 91% yield

CS2 (4.0 eq.), DABCO (4.0 eq.)
3a

toluene, 80 oC, 8 h
1a 2a 1a

no additive: 99% yield
additive: TEMPO, 94% yield
additive: BHT, 92% yield

NH2

BTC (1/3 eq.), Et3N (3.0 eq.)

DCE, reflux, 2 h
N
H

O

Cl

7
8, 88%

N O

conc. HCl

DCE, reflux, 20 min

N
H

O

Cl

2a

4a, 98%

 
Scheme 3 Control experiments.  
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Scheme 4 A plausible reaction mechanism. 

In summary, we have developed a novel and efficient 

synthetic protocol to easily access furoquinoline and 

thienoquinoline derivatives via thermal induced formal [3+2] 
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cyclization reaction of ortho-aminoaryl-tethered 

alkylidenecyclopropanes with in situ generated isocyanates 

and isothiocyanates. The reaction exhibits easily available 

starting materials, scalable production and a broad substrate 

scope with excellent yield and functional group tolerance 

under metal free conditions. The potential utilization and 

extension of the scope of this new synthetic methodology are 

currently under investigation. 

We are grateful for the financial support from the National 

Basic Research Program of China (973)-2015CB856603, and 

the National Natural Science Foundation of China (20472096, 

21372241, 21361140350, 20672127, 21102166, 21121062, 

21302203, 20732008 and 21572052). 
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Thermal induced formal [3+2] cycloaddition reactions of ACPs and in situ generated isocyanates and isothiocyanates 

were disclosed respectively. 
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