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Abstract: A one-pot synthesis of N-sulfonyl-2-alky-
lidene-1,2,3,4-tetrahydropyrimidines via a highly se-
lective and copper-catalyzed multicomponent reac-
tion of sulfonyl azides, terminal alkynes and a,b-un-
saturated imines has been developed. The a,b-unsa-
turated imine substrates could be generated from
amines and a,b-unsaturated aldehydes in a one-pot
process. The procedure is concise, general and effi-
cient.
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Ketenimines are nitrogen-containing heterocumu-
lenes, which can participate in a variety of organic re-
actions,[1] such as nucleophilic addition reactions,[2]

radical addition reactions,[3] [2+2] and [4+2] cycload-
dition reactions[4] and sigmatropic rearrangements.[5]

Previously, we[6] and several other groups[7] developed
the Cu-catalyzed three-component reactions of sulfo-
nyl azides with terminal alkynes and a number of nu-
cleophiles. The reactions involve a copper-catalyzed
azide-alkyne cycloaddtion (CuAAC) and the genera-
tion of a ketenimine intermediate. Phosphoryl azides
could also serve as a high-yielding type of azide to
participate in the reaction.[8] These multicomponent
reactions are versatile with regard to the substrate
scope and the synthetic applicability. On the basis of
these results, we anticipated that the ketenimine inter-
mediate A (Scheme 1), which was in situ generated
from terminal alkyne 1a and sulfonyl azide 2a, could
react with a,b-unsaturated imine 3a through a nucleo-
philic cyclization to give tetrahydropyrimidine 4aaa
and/or azetidin-2-imine 5aaa, respectively. Since the
formation of azetidin-2-imines via the reaction of the
ketenimine intermediate with imines has been report-

ed by Whiting and Fokin,[7e] we systematically opti-
mized the reaction leading to the six-membered prod-
uct and investigated the applicability of this method
to a variety of terminal alkynes, sulfonyl azides and
a,b-unsaturated imines. Herein, we report the details
of this work.

Exhaustive studies of the reaction conditions for
the synthesis of 4aaa from terminal alkyne 1a, sulfo-
nyl azide 2a and a,b-unsaturated imine 3a showed
that CuCl (Table 1, entry 1), CuBr (Table 1, entry 2),
and CuI (Table 1, entries 3–14) could catalyze the re-
action to result in a mixture of the six-membered
product 4aaa and the four-membered product 5aaa,

Scheme 1. Copper-catalyzed three-component reaction of
alkyne 1a, sulfonyl azide 2a and imine 3a.
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but only CuBr gave the best selectivity for the forma-
tion of the six-membered product (Table 1, entry 2).
Prolonging the reaction time (Table 1, entry 15) or in-
creasing the amount of base additive (Table 1,
entry 16) led to a lower selectivity. Toluene was found
to be the best solvent as compared with other sol-
vents, such as CHCl3 (Table 1, entry 17), CH3NO2

(Table 1, entry 18), and CH3CN (Table 1, entry 19).
With the optimized reaction conditions in hand, we

next explored the protocol with a variety of terminal
alkynes, sulfonyl azides and imines (Table 2). In all
cases, the three-component reaction furnished 2-alky-
lidene-1,2,3,4-tetrahydropyrimidines 4 as the major
(Table 2, entries 1–6 and 27) or sole products
(Table 2, entries 7–26 and 28–35). In several cases, we
also isolated azetidin-2-imines 5, generally with high
trans selectivity (Table 2, entries 1–6 and 27). Both
aryl (Table 2, entries 1–30 and 35) and aliphatic al-
kynes (Table 2, entries 31 and 32) afforded the desired
products in good to excellent yields (60–96%), where-
as 2-ethynylpyridine (1g) gave the corresponding pyri-
midines 4gaa and 4gab in lower yields (Table 2, en-
tries 33 and 34).

It is noteworthy that the resulting 2-alkylidene-
1,2,3,4-tetrahydropyrimidines 4 are not stable in solu-
tion state, especially under acidic conditions, to yield
azetidin-2-imines 5.[9] For example, the six-membered
product 4aaa could be converted to the four-mem-
bered product 5aaa in 43% conversion by stirring in
chloroform at room temperature for 2 days.

We also investigated the possibility for the one-pot
sequential synthesis of 2-alkylidene-1,2,3,4-tetrahydro-
pyrimidines 4 from amines 6 and a,b-unsaturated al-
dehydes 7 as the starting materials. It was found that

when primary amines 6 were coupled with a,b-unsatu-
rated aldehydes 7 in the presence of CuBr and 4 �
molecular sieves for 30 min, the resulting a,b-unsatu-
rated imines could react with alkynes 1 and TsN3 in a
one-pot procedure to yield the desired products 4.
Except in the case of R4 =Me (Table 3, entry 9), the
sequential procedure gave moderate to good yields
(Table 3, entries 1–8, 10 and 11), which are compara-
ble to those obtained directly from a,b-unsaturated
imines (Table 2).

All products were well characterized by 1H NMR
and 13C NMR spectroscopy as well as high-resolution
mass spectrometry. The trans configuration of azeti-
din-2-imines 5 was assigned on the basis of the cou-
pling constants between 3-H and 4-H, which were
1.0–2.4 Hz in agreement with the literature.[7e] The
structures of compounds 4aaa (Figure 1) and 5aaa
were confirmed by single-crystal X-ray analysis.[10]

The pyrimidine moiety is one of the most wide-
spread heterocycles in biologically occurring com-
pounds, such as nucleic acids and vitamin B1, and is
an important constituent of numerous drug molecules
in many therapeutic areas. Consequently, the synthe-
sis of pyrimidine derivatives and pyrimidine-contain-
ing libraries has attracted much attention in the last
decades.[11] The presented three-component reaction
provides an efficient and versatile method for the syn-
thesis of 2-alkylidene-1,2,3,4-tetrahydropyrimidines, a
new class of pyrimidine derivatives.

In conclusion, we have developed a copper-cata-
lyzed three-component reaction of sulfonyl azides, ter-
minal alkynes and a,b-unsaturated imines, furnishing
a new class of pyrimidine derivatives N-sulfonyl-2-al-
kylidene-1,2,3,4-tetrahydro-pyrimidines. The method

Table 1. Screening of the reaction conditions.[a]

Entry Cu(I) Base/equiv. Solvent Reaction temperature Reaction time [h] Yield [%][b]

4aaa 5aaa

1 CuCl TEA/2 toluene r.t. 3 75 19
2 CuBr TEA/2 toluene r.t. 3 82 10
3 CuI TEA/2 toluene r.t. 3 63 27
5 CuI TEA/2 CH2Cl2 reflux 3 49 46
6 CuI TEA/2 CH3CN reflux 2 trace 81
7 CuI TEA/1.2 hexane r.t. 12 43 40
8 CuI TEA/2 THF reflux 3 55 38
9 CuI Py/2 CH3CN r.t. 12 65 23
12 CuI K2CO3/2 CH3CN r.t. 3 45 46
13 CuI TMEDA/2 CHCl3 r.t. 3 34 57
14 CuI TEA/2 CH3CN 0 8C 12 52 34
15 CuBr TEA/1 toluene r.t. 5 75 15
16 CuBr TEA/4 toluene r.t. 2 72 13
17 CuBr TEA/2 CHCl3 r.t. 3 67 17
18 CuBr TEA/2 CH3NO2 r.t. 3 trace trace
19 CuBr TEA/2 CH3CN r.t. 3 18 48

[a] Reaction conditions: 1a (1 mmol), 2a (1 mmol), 3a (1.05 mmol), copper catalyst (0.1 mmol), base, solvent (2 mL), N2.
[b] Isolated yield.
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is concise, general, highly selective, and efficient. The
substrates are readily available and the imine sub-
strates could be generated in a one-pot sequential
process. It is expected that the presented method will
find its applications in the area of the synthesis of pyr-
imidine heterocycles.

Experimental Section

General Procedure for the Three-Component
Synthesis of Pyrimidines 4

To a mixture of CuBr (14 mg, 0.1 mmol), alkynes 1
(1 mmol), azides 2 (1 mmol), and a,b-unsaturated imines 3

Table 2. Three-component synthesis of 2-alkylidene-1,2,3,4-tetrahydropyrimidines 4.[a]

Entry R1 R2 R3/R4 Product/Yield [%][b]

4 5

1 Ph (1a) 4-MeC6H4 (2a) Ph/Ph (3a) 4aaa/82 5aaa/10
2 1a 2a 4-MeOC6H4/Ph (3b) 4aab/93 5aab/4
3 1a 2a Ph/4-MeOC6H4 (3c) 4aac/87 5aac/9
4 1a 2a 4-BrC6H4/Ph (3d) 4aad/83 5aad/7
5 1a 2a Ph/4-BrC6H4 (3e) 4aae/81 5aae/12
6 1a 2a 4-MeC6H4/Ph (3f) 4aaf/83 5aaf/8
7 1a 2a 4-MeOC6H4/4-MeOC6H4 (3g) 4aag/90 –
8 1a 2a Ph/4-NO2C6H4 (3h) 4aah/79 –
9 1a 2a 4-MeOC6H4/4-NO2C6H4 (3i) 4aai/96 –
10 1a 2a 3-MeC6H4/Ph (3j) 4aaj/70 –
11 1a 2a 4-MeOC6H4/2-MeOC6H4 (3k) 4aak/68 –
12 1a Me (2b) 3a 4aba/60[c] –
13 1a 4-AcNHC6H4 (2c) 3a 4aca/89 –
14 1a 4-ClC6H4 (2d) 3 a 4ada/82 –
15 1a 4-NO2C6H4 (2e) 3a 4aea/86 –
16 1a Ph (2f) 3a 4afa/73 –
17 1a 2f 3c 4afc/88 –
18 1a 2f 3e 4afe/82 –
19 1a 2f 3i 4afi/86 –
20 1a 2c 3b 4acb/93 –
21 1a 2e 3b 4aeb/91 –
22 1a 2b 3c 4abc/75[c] –
23 1a 2d 3c 4adc/72 –
24 4-EtC6H4 (1b) 2a 3c 4bac/93 –
25 1b 2a 3b 4bab/96 –
26 1b 2a 3a 4baa/85 –
27 4-MeOC6H4 (1c) 2a 3a 4caa/65 5caa/28
28 1c 2a 3b 4cab/89 –
29 4-MeC6H4 (1d) 2a 3a 4daa/79 –
30 1d 2a 3c 4dac/93 –
31 n-Bu (1e) 2a 3a 4eaa/79 –
32 n-C8H17 (1f) 2a 3a 4faa/73 –
33 2-Py (1g) 2a 3a 4gaa/43[d] –
34 1g 2a 3b 4gab/43[d] –
35 1b 2d 3i 4bdi/83 –

[a] Reaction conditions: 1 (1 mmol), 2 (1 mmol), 3 (1.05 mmol), CuBr (0.1 mmol), TEA (2 mmol), PhMe (3 mL), N2, room
temperature, 3 h.

[b] Isolated yield.
[c] Yield after 8 h.
[d] Yield after 6 h.
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(1.05 mmol) in toluene (2 mL) was added TEA (2 mmol) in
toluene (1 mL) under an N2 atmosphere. The mixture was
then stirred at room temperature for 3 h. After completion
of the reaction, which was monitored by TLC, the mixture

was evaporated under vacuum. The residue was subjected to
silica gel column chromatography with petroleum ether
(Pet)/ethyl acetate (EA) as eluent (containing 0.5% v/v
TEA). The products were recrystalized from hexane/EA or
Pet/EA.

General Procedure for the Sequential Synthesis of
Pyrimidines 4

A mixture of CuBr (14 mg, 0.1 mmol), 4 � molecular sieves
(0.2 g), amines 6 (1.05 mmol), and a,b-unsaturated alde-
hydes 7 (1.05 mmol) in anhydrous toluene (2 mL) was
stirred at room temperature under an N2 atmosphere for
0.5 h. A solution of alkynes 1 (1 mmol) and TsN3 (1 mmol)
in toluene (1 mL) was added, following by addition of TEA
(2 mmol) in toluene (1 mL). The mixture was then stirred at
room temperature for an additional 2.5 h. After completion
of the reaction, the mixture was filtered and washed with
ethyl acetate. The solvent was evaporated under vacuum
and the residue was purified by silica gel column chromatog-
raphy with Pet/EA as eluent (containing 0.5% v/v TEA).

(Z)-2-Benzylidene-1,4-diphenyl-3-tosyl-1,2,3,4-tetrahydro-
pyrimidine (4aaa): colorless crystals; mp 135.2–136.1 8C;
1H NMR (400 MHz, CDCl3): d=7.80 (d, J= 8.4 Hz, 2 H),
7.44–7.34 (m, 6 H), 7.24–7.18 (m, 3 H), 7.17–7.14 (m, 3 H),
7.00 (bs, 5 H), 6.11 (d, J=8.4 Hz, 1 H), 5.92 (s, 1 H), 5.63 (d,
J=5.2 Hz, 1 H), 4.61 (dd, J=8.0, 5.2 Hz, 1 H), 2.35 (s, 3 H);
13C NMR (100 MHz, CDCl3): d=143.8, 143.7, 138.7, 136.1,
134.0, 131.4, 130.3, 129.7, 129.0, 128.7, 128.4, 128.2, 128.1,
127.6, 126.5, 125.1, 123.9, 116.3, 97.7, 58.4, 21.5; IR (KBr):
n=3029, 1649, 1595, 1492, 1341, 1297, 1162, 1145, 1087, 898,
750, 700, 566 cm�1; MS (ESI): m/z=479.3 ([M+ H]+); HR-
MS (ESI): m/z=479.1765, calcd. for C30H27N2O2S [M+H]+:
479.1788.

Table 3. One-pot sequential synthesis of 2-alkylidene-1,2,3,4-tetrahydropyrimidines.[a]

Entry R1 R3 R4 Product/Yield [%][b]

1 Ph (1a) Ph (6a) Ph (7a) 4aaa/75[c]

2 1a 4-MeOC6H4 (6b) 7a 4aab/72
3 1a 6a 4-NO2C6H4 (7b) 4aah/88
4 1a 6b 7b 4aai/75
5 4-EtC6H4 (1b) 6a 7a 4baa/79
6 4-MeOC6H4 (1c) 6b 7a 4cab/62
7 4-MeC6H4 (1d) 6a 7a 4daa/68
8 n-Bu (1e) 6a 4-MeOC6H4 (7c) 4a/61
9 1a 6b Me (7d) 4b/35
10 1a 3-MeC6H4 (6c) 7a 4aaj/49
11 1a 6b 2-MeOC6H4 (7e) 4aak/43

[a] Reaction conditions: (1) CuBr (0.1 mmol), 4 � molecular sieves (0.2 g), 6 (1.05 mmol), 7 (1.05 mmol), PhMe (2 mL),
room temperature, N2, 0.5 h; (2) 1 (1 mmol), TsN3 (1 mmol), TEA (2 mmol), PhMe (3 mL), room temperature, 2.5 h.

[b] Isolated yield.
[c] 5aaa was also isolated in 15% yield.

Figure 1. X-ray crystal structure of 4aaa.
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(Z)-2-Pentylidene-1,4-diphenyl-3-tosyl-1,2,3,4-tetrahydro-
pyrimidine (4eaa): white solid; mp 95.4–95.6 8C; 1H NMR
(500 MHz, CDCl3): d=7.84 (d, J= 8.0 Hz, 2 H), 7.47 (d, J=
7.0 Hz, 2 H), 7.35–7.30 (m, 4 H), 7.27–7.25 (m, 1 H), 7.21 (d,
J=7.5 Hz, 2 H), 7.17 (d, J=8.0 Hz, 2 H), 7.10 (t, 7.5 Hz,
1 H), 6.06 (d, J=8.0 Hz, 1 H), 5.55 (d, J= 5.5 Hz, 1 H), 5.04
(dd, J= 8.0, 6.5 Hz, 1 H), 4.54 (dd, J= 8.0, 5.5 Hz, 1 H), 2.35
(s, 3 H), 1.92–1.89 (m, 2 H), 0.91–0.86 (m, 2 H), 0.81–0.75 (m,
1 H), 0.63 (t, J= 7.3 Hz, 3 H), 0.35–0.28 (m, 1 H); 13C NMR
(125 MHz, CDCl3): d= 144.0, 143.4, 140.0, 136.3, 130.3,
129.9, 129.4, 129.0, 128.6, 128.0, 127.7, 124.0, 122.5, 119.2,
96.5, 57.8, 31.1, 26.7, 22.2, 21.5, 13.8; IR (KBr): n= 3061,
2921, 2852, 1676, 1636, 1597, 1492, 1341, 1166, 1150, 1080,
1026, 937, 816, 703 cm�1; MS (ESI): m/z=459.3 ([M +H]+);
HR-MS (ESI): m/z= 481.1932, calcd. for C28H30N2O2SNa
[M+Na]+: 481.1920.

Acknowledgements

The authors gratefully acknowledge the financial support of
the National Natural Science Foundation of China (No.
20872128).

References

[1] For a recent review, see: H. Perst, Science of Synthesis
Thieme, Stuttgart, Vol. 23, 2006, pp 781 – 897.

[2] a) K. Llamas, M. Owens, R. L. Blakeley, B. Zerner, J.
Am. Chem. Soc. 1986, 108, 5543 – 5548; b) I. Bae, H.
Han, S. Chang, J. Am. Chem. Soc. 2005, 127, 2038 –
2039; c) F. F. Fleming, G. Q. Wei, Z. Y. Zhang, O. W.
Steward, Org. Lett. 2006, 8, 4903 – 4906.

[3] a) L. De Vries, J. Org. Chem. 1973, 38, 4357 – 4362;
b) G. A. Russell, P. Chen, C. F. Yao, B. H. Kim, J. Am.
Chem. Soc. 1995, 117, 5967 – 5972; c) S. S. Kim, B. Liu,
C. H. Park, K. H. Lee, J. Org. Chem. 1998, 63, 1571 –
1573; d) M. Alajar�n, A. Vidal, M.-M. Ort�n, Org.
Biomol. Chem. 2003, 1, 4282 – 4292.

[4] a) L. A. Singer, G. A. Davis, J. Am. Chem. Soc. 1967,
89, 598 – 605; b) A. Dondoni, A. Battaglia, F. Bernardi,
P. Giorgianni, J. Org. Chem. 1980, 45, 3773 – 3778; c) M.
Alajar�n, B. Bonillo, P. S�nchez-Andrada, �. Vidal, D.
Bautista, J. Org. Chem. 2007, 72, 5863 – 5866;
d) W. M. F. Fabian, R. Janoschek, J. Am. Chem. Soc.
1997, 119, 4253 – 4257; e) J. L. Alonso-G�mez, Y. Pazos,
A. Navarro-V�zquez, J. Lugtenburg, M. M. Cid, Org.
Lett. 2005, 7, 3773 – 3776; f) M. Alajar�n, M.-M. Ort�n,
P. S�nchez-Andrada, A. Vidal, D. Bautista, Org. Lett.
2005, 7, 5281 – 5284; g) M. Alajar�n, A. Vidal, F. Tovar,
A. Arrieta, B. Lecea, F. P. Coss�o, Chem. Eur. J. 1999,
5, 1106 – 1117.

[5] a) M. Alajar�n, B. Bonillo, M.-M. Ort�n, P. S�nchez-An-
drada, �. Vidal, Org. Lett. 2006, 8, 5645 – 5648; b) M.
Alajar�n, M.-M. Ort�n, P. S�nchez-Andrada, �. Vidal,
J. Org. Chem. 2006, 71, 8126 – 8139; c) K.-W. Lee, N.
Horowitz, J. Ware, L. A. Singer, J. Am. Chem. Soc.
1977, 99, 2622 – 2627; d) M. A. Walters, J. Am. Chem.
Soc. 1994, 116, 11618 – 11619.

[6] a) S. L. Cui, X. F. Lin, Y. G. Wang, Org. Lett. 2006, 8,
4517 – 4520; b) S. L. Cui, J. Wang, Y. G. Wang, Org.
Lett. 2007, 9, 5023 – 5025; c) S. L. Cui, J. Wang, Y. G.
Wang, Org. Lett. 2008, 10, 1267 – 1269; d) S. L. Cui, J.
Wang, Y. G. Wang, Tetrahedron 2008, 64, 487 – 492.

[7] a) I. Bae, H. Han, S. Chang, J. Am. Chem. Soc. 2005,
127, 2038 – 2039; b) S. H. Cho, E. J. Yoo, I. Bae, S.
Chang, J. Am. Chem. Soc. 2005, 127, 16046 – 16047;
c) E. J. Yoo, I. Bae, S. H. Cho, H. Han, S. Chang, Org.
Lett. 2006, 8, 1347 – 1350; d) M. P. Cassidy, J. Raushel,
V. V. Fokin, Angew. Chem. 2006, 118, 3226 – 3229;
Angew. Chem. Int. Ed. 2006, 45, 3154 – 3157; e) M.
Whiting, V. V. Fokin, Angew. Chem. 2006, 118, 3229 –
3233; Angew. Chem. Int. Ed. 2006, 45, 3157 – 3161;
f) E. J. Yoo, S. Chang, Org. Lett. 2008, 10, 1163 – 1166;
g) E. J. Yoo, M. Ahlquist, I. Bae, K. B. Sharpless, V. V.
Fokin, S. Chang, J. Org. Chem. 2008, 73, 5520 – 5528;
h) S. H. Cho, S. Chang, Angew. Chem. 2008, 120, 2878 –
2881; Angew. Chem. Int. Ed. 2008, 47, 2836 – 2839;
i) S. H. Cho, S. Chang, Angew. Chem. 2007, 119, 1929 –
1932; Angew. Chem. Int. Ed. 2007, 46, 1897 – 1900.

[8] S. H. Kim, D. Y. Jung, S. Chang, J. Org. Chem. 2007, 72,
9769 – 9771.

[9] It was reported that azetidin-2-imines are highly stable
under acidic conditions (see Ref.[7e]

[10] CCDC 727476 and CCDC 727477 contain the supple-
mentary crystallographic data for compounds 4aaa and
5aaa, respectively. These data can be obtained free of
charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

[11] For a recent review on the synthesis of pyrimidines,
see: a) M. D. Hill, M. Movassaghi, Chem. Eur. J. 2008,
14, 6836 – 6844. For recent examples for the synthesis of
pyrimidines and pyrimidine-containing libraries, see:
b) J. Vicario, D. Aparicio, F. Palacios, J. Org. Chem.
2009, 74, 452 – 455; c) J. Cesar, J. Comb. Chem. 2005, 7,
517 – 519; d) S. R. Klutchko, H. Zhou, R. T. Winters,
T. P. Tran, A. J. Bridges, I. W. Althaus, D. M. Amato,
W. L. Elliott, P. A. Ellis, M. A. Meade, B. J. Roberts,
D. W. Fry, A. J. Gonzales, P. J. Harvey, J. M. Nelson, V.
Sherwood, H.-K. Han, G. Pace, J. B. Smaill, W. A.
Denny, H. D. H. Showalter, J. Med. Chem. 2006, 49,
1475 – 1485; e) A. Contini, E. Erba, P. Trimarco, Tetra-
hedron 2008, 64, 11067 – 11073.

1772 asc.wiley-vch.de � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2009, 351, 1768 – 1772

COMMUNICATIONS Wei Lu et al.

http://asc.wiley-vch.de

