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A novel one-pot protocol for the construction of complex
heterocycles through furan tethered terminal alkynes,
aldehydes, amines and CuBr upon heating has been
developed, giving the cycloadducts in moderate to high yields
along with moderate to good regioselectivities. The reactions
proceed through a two-component domino reaction including
allenation and subsequent intramolecular Diels—Alder
reaction. A wide range of aliphatic or aromatic aldehydes and
furan tethered terminal alkynes are well-tolerated, enriching
the chemistry of intramolecular Diels-Alder reaction related
with furan.

The intramolecular Diels-Alder reaction related with furan
(IMDAF) is one of the most widely utilized reactions for the
construction of heterocyclic ring systems because furan is an
excellent diene in Diels-Alder reactions.™ On the other hand,
allenes have been widely used as dienophiles in Diels-Alder
reaction upon heating or in the presence of metal catalysts."!
Among the intramolecular cycloaddition reactions between furan
and allene moiety, two modes are mainly involved as shown in
Scheme 1. The first one is the cycloaddition of furan with the
distal double bond of allene, giving rise to a bridged bicyclic
skeleton containing an endocyclic double bond. The second one
is the cycloaddition of furan with the proximal double bond of
allene, affording a bridged bicyclic skeleton bearing an exocyclic
double bond.!*"

Due to the importance of complex aza-heterocycles, recently,
an array of transition-metal-catalyzed cycloaddition reactions of
dienes with allenes have been reported.™ Paralleling with metal-
catalyzed ones, thermal and DABCO (1,4-
diazabicyclo[2,2,2]octane) catalyzed cycloaddition have been
also developed to construct these scaffolds. For example, Hsung
and coworkers have reported a thermal intramolecular [4+2]
cycloadditions of furan tethered allenamides without assistance of
any metal catalyst for rapid assembly of highly functionalized
nitrogen heterocycles (reaction a, Scheme 1).*! In addition, Tong
et al. revealed DABCO-triggered cascade Sy2/cycloaddition seg-
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uence between 2-(acetoxymethyl)buta-2,3-dienoate and various
n-system functionalized tosylamides to construct structurally
ss diverse aza-heterocycles (reaction b, Scheme 1).5%!

Scheme 1. Previous cycloaddition modes for the synthesis of

heterocycles
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Inspired by these findings, herein, we wish to report a one-pot
protocol for the synthesis of fused heterocycles through furan
tethered allenes via a two-component reaction by use of
aldehydes, furan tethered terminal alkynes, and dicyclohexamine

es as the reactants (reaction c, Scheme 1). This one-pot manner
featured a powerful synthetic approach to the construction of
fused heterocycles with increased molecular diversity and
complexity.t’)

Initially, we attempted to in situ synthesize furan tethered

70 allene using alkyne 1a, paraformaldehyde and amine in 1,4-
dioxane according to Ma’s procedures and subsequently to
explore the next sequential IMDAF.E! Therefore, we first
examined the reaction outcome using N-(furan-2-ylmethyl)-4-
methyl-N-(prop-2-yn-1-yl) benzenesulfonamide la as substrate,

75 and the results are shown in Table 1. Under the reported standard
conditions, the reaction of 1a with paraformaldehyde (2.5 equiv),
i-Pr,NH (1.8 equiv) and CuBr (0.3 equiv) in 1,4-dioxane afforded
the desired cycloadducts 2a and 3a in 36% total yield as a 1:3
regioisomers (Table 1, entry 1). Their structures have been

g0 confirmed by X-ray diffraction (Figure 1) and the related CIF
data are shown in the Supporting Information."% The structures
of 2a and 3a clearly indicated that the subsequent IMDAF indeed
took place with the distal and proximal double bond of allene
moiety to give the fused heterocycles bearing endocyclic and

ss exocyclic double bond, respectively (Figure 1).

Next, by screening of different amines, we found that the total
yield of 2a and 3a was improved to 78% when
dicyclohexylamine was employed as the base (Table 1, entries 2-
3). Further investigations led to the observation that when toluene

% was used as solvent, the corresponding products 2a and 3a could
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3a

Figure 1. X-ray crystal structures of 2a (a) and 3a (b) and the
regioselectivity for [4+2] cycloaddition.

s be isolated in 86% total yield (Table 1, entry 5). The
examinations on the amounts of dicyclohexylamine,
paraformaldehyde and CuBr as well as the reaction temperature
revealed that the use of 1.8 equiv of amine, 2.5 equiv of aldehyde
and 0.3 equiv of CuBr under reflux in toluene gave the best

10 performance (Table 1, entries 6-9).

Table 1. Optimization of the reaction conditions

N Ts . N Ts

amine

0o CuBr (0.3 equiv
OO O . . 127
Ts N\ ) solvent, reflux, 12 h

N 2.5 equiv
1a 2a 3a
entry? amines solvents yield (%)°
(equiv) 2a + 3a (ratio)®
1 i-ProNH (1.8) dioxane 36 (1/3)
(o}
2 [ j (1.8) dioxane 22 (1/4)
N
H
3 Cy,NH (1.8) dioxane 78 (1/4)
4 i-Pr,NH (1.8) toluene 51 (1/4)
5 Cy,NH (1.8) toluene 86 (1/4)°
6° Cy,NH (1.8) toluene 21 (1/4)
4 Cy,NH (1.8) toluene 67 (1/4)
89 Cy,NH (1.8) toluene 67 (1/4)
9 Cy,NH (1.5) toluene 77 (1/4)

2 The reactions were carried out in 0.2 mmol scale in 1 mL of sovlents.

b Determined by "H NMR using 1,3,5-trimethoxybenzene as an internal standard.
¢ The value in the parentheses is the ratio of isomers 2a and 3a that was
determined by "H NMR spectroscopy. ¢ Isolated yields. ® The reaction was carried
out at 80 °C. f2.0 equiv (CH,0), was added. 9 0.20 equiv CuBr was added.

15 With the optimized conditions in hand, we next sought to
determine the scope of alkyne that can be employed in this new
tandem cycloaddition protocol. As show in Table 2, changing the
substituent on the nitrogen atom from Ts to Bs or Ns (Bs = p-
bromobenzenesulfonyl, Ns = 4-nitrobenzenesulfonyl) did not

2 significantly affect the reaction outcome, giving both
regioisomers 2 and 3 (1:4 and 1:5 ratio) in 63-80% total yields
(Table 2, entries 2-3). Moreover, none 3a could be detected upon
heating 2a in toluene at 110 °C for 48 h on the basis of 'H NMR
spectroscopy. This result indicated that 2a can not be transformed

s into 3a via retro-cycloaddition and cycloaddition process.
Substrates 1d-1e with different furan substitutions produced the
corresponding cycloadducts 2 and 3 (1:1 and 1:4 ratio) in 60%
total yields (Table 2, entries 4 and 5). Notably, as for substrate 1f
having a methyl substituent at the carbon tether, the reaction also

30 proceeded smoothly to give the desired products 2f and 3f in 81%
total yield as a 1:2 regioisomers (Table 2, entry 6). Furthermore,
substrate 1g with a C(CO,Et), carbon linkage was also found to

be suitable in this reaction, furnishing the desired product 3g in
46% yield as a single regioisomer (Table 2, entry 7). Substrate 1h

35 connected by an oxygen atom was also tolerated in this protocol,
albeit affording 3h in 14% yield (Table 2, entry 8).1*!

Table 2. Substrate scope of 1

CuBr (0.3 equiv) J H X
CyzNH (1.8 equiv) o X )
{ X (CH0)y — 22—~ + w2
toluene, reflux, 12 h = R2 =
1

2.5 equiv R R
2a-h 3a-h
i 0/ \b
- __yield (%)°
y substrate 2+3 (ratio)®
o -
1 R=Ts 1a 86 (1/4)
! TN Bs, 1b 63 (1/4)
2 Q/\,'?/\\\ Ns. 1c 80 (1/5)
o)
4 TBSOW%\ 1d et
o
s N 1 60 (1/4
jfﬁ\ ° o
&t
6 N 1f 81 (1/2)¢
\_/ Ts/\\\ "
o
7° \ AN 19 *°
EtO,C CO,Et
o

2 The reactions were carried out on 0.2 mmol scale in 1.0 mL of toluene. ° Isolated yields.
¢ The value in the parentheses is the ratio of isomers 2 and 3 that was determined by 'H
NMR spectroscopy. @ 2f was found as ~ 3/1 inseparable isomeric mixture and 3f was
found as ~ 2/1 inseparable isomeric mixture. ©Only 3g was isolated. fOnly 3h was
isolated.

40
Interestingly, we found that substrate 4a having a CH,CH,
carbon tether at the furan moiety gave the corresponding
cycloadduct 5a as a single regioisomer in 85% yield (Table 3,
entry 1), suggesting that extending one carbon atom at the tether
a5 provides a sterically demanding in favour of cycloaddition for the
furan with the proximal double bond of allene moiety (Figure 2).
Its structure has been confirmed by X-ray diffraction (Figure 2)
and the related CIF data are shown in the Supporting
Information,*2

50

5a

Figure 2. X-ray crystal structure of 5a and the regioselectivity for
[4+2] cycloaddition.

ss  We next attempted to determine the scope of substrates 4 that
can be employed in this one-pot protocol. As shown in Table 3,
the substrate scope similarly consists of (1) different N-
substituents (Table 3, entries 1-3); (2) various furan substitutions
(Table 3, entries 4-5); (3) the substrates 4f and 4g having a
s methyl group or phenyl group at the carbon tether. All these
reactions proceeded efficiently, affording the corresponding
products 5b-5g in 56-87% yields as a single regioisomer or
6:1~7:1 diastereoisomers, respectively (Table 3, entries 2-7).
Substrate 4h tethered by an oxygen atom afforded the
es corresponding product 5h in 9% yield (Table 3, entry 8).
To further illustrate the substrate scope, a variety of other
aldehydes 6 has been examined in this cascade reaction under the

2 | Journal Name, [year], [vol], 00-00
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standard conditions and the results are summarized in Table 4.

Table 3. Substrate scope of 4

CuBr (0.3 equiv) H X
o) Cy,NH (1.8 equiv) “ R2
X, = + AR, Lo
g{]/\’{: = * (CH:0h toluene, reflux, 12h  \_,_
1
4a-h

2.5 equiv &1
5a-h
entry? product yield (%)°
R
1 H N R=Ts, 5a 85
- Bs, 5b 80
2 G Ns, 5¢ 56

3

H NTs

6 Me 5f 61 (dr 6/1)%¢
H NTs

7 @ Ph 5g 71 (dr 7/1) @
H —o

R S

2 All Reactions were carried out in 0.2 mmol scale in 1.0 mL of toluene.
b |solated yield. ® The value in the parentheses of dr was determined by "H NMR
spectroscopy. d Inseparable isomeric mixture.

Substrate  4b  reacted with benzaldehyde 6a or p-
chlorobenzaldehyde 6b smoothly using tetrahydroisoquinoline or
dicyclohexylamine as the base respectively, ¥ affording the
corresponding cycloadducts 7a and 7b in moderate yields as a

w0 single isomer with E-configuration on the basis of NOESY

spectra (Table 4, entries 1-2, also see Supporting Information).
Heteroaromatic aldehyde such as thiophene-2-caroaldehyde 6c
was also suitable in this transformation (Table 4, entry 3).
Moreover, aliphatic aldehydes 6d-6f have been also tested. It was

1s realized that high reaction temperature and longer reaction time

are required, giving the desired products 7d-7f in 33-43% vyields
mainly as E-configuration, suggesting a wide substrate range of
this domino sequence (Table 4, entries 4-6).

20 Table 4. Substrate scope of aldehydes

CuBr (0.3 equiv)

0. Es Cy,NH (1.8 equiv)
= RCHO ————>
@/\/ = . toluene, Temp
2.5 equiv
4b 6a-f 7a-f
entry R temp (°C) time (h) yield? (%) ratio (E/Z)
1° Ph 6a 110 7 55 E
2 p-CIPh 6b 110 14 47 E
S

3 CHO g¢ 110 19 32 E

\_/
499 CH4(CH,); 6d 130 24 37 10/1
5%9  CHy(CH,)s 6e 150 12 43 9/1
69  (CHs),CH 6f 150 1 33 25/1

2|solated yield. b The reaction was carrried out using 1,2,3,4-tetrahydroisoquinoline
replacing dicyclohexylamine. © The reactions were carried out in a sealed tube. ¢
Inseparable isomeric mixture.
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In conclusion, we have disclosed a novel synthetic protocol for
the construction of complex heterocycles through an efficient
one-pot reaction of furan tethered alkynes and aldehydes with
amines catalyzed by CuBr via a cascade two-component
condensation and the subsequent intramolecular Diels—Alder
reaction (IMDAF), providing the desired products in moderate to
high yields along with moderate to good regioselectivities. A
wide range of aliphatic or aromatic aldehydes and furan tethered
terminal alkynes are tolerated. Further investigations on
expanding the scope of this reaction towards a wide range of
other alkynes as well as the applications of this protocol to
natural product synthesis are in progress.
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Presence of Amines and CuBr amines and CuBr upon heating has been developed, giving the

cycloadducts in moderate to high yields along with moderate to
y good regioselectivities.
n=1_ Lo . LO s
,l, R? ,\,1 R
CuBr (0.3 equiv) R R

10 up to 86% total yield
( j/g\x/\/ + R%CHO ———— Cy2NH (1.8 equiv) up to 1/5 regioselectivity

toluene, reflux R3
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