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ABSTRACT: Functionalized polycyclic aminopyridines are central to the chemical sciences, but their syntheses are still hampered by a 
number of shortcomings. These nitrogenated heterocycles can be efficiently prepared by an intramolecular inverse electron demand hetero 
Diels-Alder (ihDA) cycloaddition of ynamides to pyrimidines. This ihDA/rDA sequence is general in scope and affords expedient access to 
novel types of aminopyridinyl scaffolds that hold great promise in terms of exit vector patterns.

The efficient elaboration of polysubstituted pyridines 
has been the focus of numerous synthetic methods due 
to their importance for the chemical sciences in a broad 
sense.1 In particular, aminopyridines2 are valuable lig-
ands, organocatalysts, and building blocks that hold 
great promise for the agrochemical and pharmaceutical 
industries with respect to their scaffold diversity and 
unique patterns of exit vectors.3 However, their de novo 
syntheses are still challenging to accomplish, although 
elegant recent progress has been made with the catalyt-
ic hydrodefluorination reactions of fluorinated pyridines.4 

Inverse electron demand [4+2]-Diels-Alder cycloaddi-
tions (ihDA) of azines are enabling transformations that 
allow rapid access to pyridines.5 Quite surprisingly, yna-
mides have not yet been considered as 2π components 
in ihDA cycloadditions with electron deficient azines, 
although these nitrogenated alkynes are known to be 
useful dienophiles in a variety of cycloadditions including 
[2+1]-, [2+2]-, [3+2]-, [4+2]-, [2+2+1]- and [2+2+2]-
reactions.6 To the best of our knowledge, only two isolat-

ed examples of formal ihDA of ynamides have been 
reported by Movassaghi et al.7 and Ma et al.8 (Scheme 1, 
eq 1 and 2) while the lack of reactivity of ynamides in 
silver-catalyzed ihDA with 1,2-diazines was reported by 
Kozmin, Rawal et al.9 

Pyrimidines are among the less reactive electron-
deficient azadienes in [4+2] reactions.5 Their cycloaddi-
tions spurred only a limited interest in the 1970s' and 
80's, with Neunhoeffer et al.10 and van der Plas et al.5,11 
demonstrating that the inter- and intramolecular ihDA of 
pyrimidines with terminal alkynes provide access to 
(fused) pyridines after a spontaneous retro-Diels-Alder 
(rDA). This ihDA/rDA sequence demonstrated a very 
limited scope but was occasionally used as the key step 
in the partial or total syntheses of naturally and/or biolog-
ically occurring products such as streptonigrin,12 acti-
nidine,13 the 4-aza analog of ramelteon,14 and some 
chain-breaking antioxidants.15  

Based on these literature precedents, we hypo-
thesized that the electronic tuning of the nitrogen atom of 

Page 1 of 5

ACS Paragon Plus Environment

Submitted to Organic Letters

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

the ynamide combined with the induced natural charges 
of the π-alkynyl system16 should confer to the ynamide 
the appropriate reactivity in an ihDA/rDA sequence with 
electron-deficient pyrimidines (Scheme 1, eq 3). Provid-
ed that high levels of reactivity, regioselectivity and func-
tional group tolerance could be attained during this peri-
cyclic sequence, this could represent a major step for-
ward towards the development of a general route to 
polycyclic fused and/or spiro aminopyridines.  

 

Scheme 1. Formal ihDA of ynamides (eq 1 and 2) and 
the proposed first use of ynamide in inverse elec-
tron-demand Diels-Alder (eq 3). 

 

 

Scheme 2. Two-step synthesis of cycloaddition pre-
cursors 3a-x (eq 1) and screening of optimal ih-
DA/rDA reaction conditions for 3a (eq 2). 

 
 

Synthesis of the ynamide cycloaddition precursors 3a-
x is straightforward and requires only 2 steps from 2-
chloro-pyrimidines 1, the latter being either commercially 
available or readily accessible by cross-coupling reac-
tions from 2,4-dichloro-pyrimidine (Scheme 2, eq 1).17 

Nucleophilic aromatic substitution by homopropargylic 
sodium alkoxides led to a variety of alkynyl-pyrimidines 
2, that were further transformed into the corresponding 
ynamidyl-1,3-diazines 3a-x by copper-mediated cross-
couplings. The latter reaction required an extensive op-
timization due to the inherent coordination capacities of 
the 1,3-diazinyl motif to the copper species.18 It was 
finally found that the conditions described by Stahl et 
al.19 using CuCl2, cesium carbonate in DMSO at 70 °C 
under an oxygen atmosphere was the most general and 
efficient. Due to the electron-poor nature of its pyrimidi-
nyl motif owing to the CF3 substituent, ynamide 3a was 
selected as a model system for the optimization of the 
ihDA/rDA sequence (Scheme 2, eq 2).17 It was quickly 
found that heating a solution of 3a in sulfolane for a short 
time delivered 4a as the sole product in 60% yield (con-
ditions A: 255 °C, 1 min, conditions B: 210 °C, 30 min, 
microwave irradiation). It should also be noted that the 
cyanhydric acid eliminating during the retro-[4+2] step, 
spontaneously polymerizes to a non-toxic solid at high 
temperature11f,11g,20 that is very easily removed during 
workup. The choice of the solvent deserves a last com-
ment. Although not often considered in academic labora-
tories, sulfolane is a cheap, thermally stable and highly 
dipolar aprotic solvent (µ = 4.68 D) that is readily re-
moved by aqueous washing. Furthermore, it possesses 
a much-reduced toxicity21 compared to the classical 
nitrobenzene11 and is thus a perfect match for this [4+2] 
reaction. 

The scope of the ihDA/rDA reaction of 3a-x was exam-
ined next. As outlined in Scheme 3, various ynamides 
were evaluated besides 3a, such as ynamides derived 
from acyclic or cyclic sulfonamides (3b and 3c, respec-
tively), azetidinone (3d) or 3-carbomethoxyindole (3e). 
Except for the acyclic sulfonamide 3b, the yields of the 
corresponding 4-amino-2,3-dihydrofuro[2,3-b]pyridines 
4a,c-e were moderate to good after only 1 min at 255 
°C. The functional group tolerance on the pyrimidine 
moiety of the cycloaddition precursors was explored 
next. In line with previous results,5,11 it was found that the 
ihDA/rDA sequence was sensitive to the steric hindrance 
at the 5-position of the pyrimidine 3. A C5-fluorine atom 
is tolerated as can be seen in the corresponding cy-
cloadducts 4f-h (71%, 90% and 54% respectively), with 
the latter structure 4h having been confirmed by X-ray 
crystallography.22 On the contrary, a dramatic decrease 
in yields is observed when ynamides 3 carry bulkier 5-Cl 
or 5-CF3 substituents on the pyrimidine core as evi-
denced by examples 4i and 4j (17% and 11%). On the 
other hand, the 4-position of the pyrimidine could be 
substituted with a diversity of (hetero) aryl groups, lead-
ing to 6-substituted 2,3-dihydrofuro[2,3-b]pyridines 4k 
(72%) and 4l, 4m (82% and 72%). In the latter three 
cases, the rDA step did not follow a unique path and 
elimination of the corresponding 3-cyanothiophene, 4-
fluorobenzonitrile and benzonitrile was observed, thus 
leading to 4f as a minor product (4k/4f = 95:5, 4l/4f = 
82:18 and 4m/4f = 85:15). 

The influence of the linker between the 1,3-diazine 
and the ynamide was also studied (Scheme 4). In con-
trast with the two-carbon chain tether (3a→4a) (60%), 
the corresponding three- (n = 1) and four-carbon (n = 2) 
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tethers did not lead to any productive ihDA/rDA reaction 
(4n, 4o).23 

 

Scheme 3. ihDA/rDA of ynamides 3a-m. 

 

(a) 2 min; (b) 10 min; (c) NMR yields using an internal 
standard; (d) Ratio 4k/4f = 95:5 by 19F NMR, see text; (e) 
Ratio 4l/4f = 82:18 by 19F NMR, see text; (f) Ratio 4m/4f = 
85:15 by 19F NMR, see text. 

 

On the other hand, the use of cyclic linkers led to a 
range of unique cycloadducts. Fused- and spiro-tricyclic 
pyridines such as 4p-u were obtained in good to excel-
lent yields after very short reaction times. As anticipated, 
the ihDA/rDA sequence was favored by cyclic tethers 
that entropically favor the cyclisation.11a,24,25 This reactivity 
enhancement is quite obvious in three series, differing 

only by the nature of the ynamide. In the oxazolidinone-
derived ynamides series, adding a cyclic tether such as 
a fused-trans-cyclohexyl to 3a increases the yields of the 
cycloadducts (4a vs 4p). 

 

Scheme 4. ihDA/rDA of ynamides 3a,n-u. 

 

(a) 10 min; (b) 180 min; (c) 60 min; (d) 30 s; (e) 2 min. 

 

This increase in yield is even greater with the spiro-
cyclobutyl tether as can be seen for the oxazolidinone- 
(4a vs 4r), the sulfonamide- (4b vs 4t) and the indole-
derived ynamide series (4e vs 4u).22 Finally, extension of 
this ihDA/rDA sequence to 2-thio and 2-N-acetyl-
pyrimidines 3v and 3w, 3x (respectively) was briefly 
investigated (Scheme 4). Good to excellent yields of the 
corresponding cycloadducts 4v, 4w and 4x were ob-
tained after 1 to 2 min (method A), thus highlighting the 
versatility of this method for the preparation of 4-amino 
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pyridines possessing various fused oxygen-, sulfur- and 
nitrogen-containing heterocycles. 

 

In summary, we have developed an efficient route to 
structurally diverse polycyclic fused- and spiro-
aminopyridines through the first inverse electron demand 
hetero Diels-Alder cycloadditions of ynamides. This reac-
tion is practical to set up and calls for a rapid heating 
under microwave irradiation in an underutilized solvent, 
sulfolane. These exciting results open new avenues for 
the previously unknown inverse-electron-demand hetero 
Diels-Alder cycloadditions of ynamides, both in intramo-
lecular and intermolecular fashion. 
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