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A highly diastereoselective domino reaction of 2,6-diaminopyrimidine-4-one with structurally diverse aryl
aldehydes and various barbituric acids in water under microwave irradiation is described. The products are
6-spiro-substituted pyrido[2,3-d]pyrimidines with high diastereoselectivities (up to 99: 1) in which the major
diastereomer bears a cis relationship between substituents at the 5- and 7-positions. Furthermore, the
mechanism for diastereoselectivity was confirmed by DFT (B3LYP) calculations.

Introduction

Creation of molecular complexity and diversity from
simple substrates, with simultaneous consideration of the
economic and environmental aspects, constitutes a great
challenge in modern organic chemistry, both from academic
and industrial points of view. In this context, domino
reactions have proven to be very effective and attractive.1

The notable feature of a domino process is that bonds and
new functionalities are constructed during the cascade, which,
in turn, react further in subsequent steps under identical
conditions to form new bonds and functionalities until
termination leads to a stable final product. Clearly, the quality
of a domino reaction is dependent on the number of bonds
formed and the complexity of the product. The amounts of
solvents, reagents, absorbents, and energy in domino reac-
tions would be dramatically decreased compared to the
conventional stepwise approach. On the other hand, the
multistep synthesis toward a complex compound is laborious
and tedious, generating several equivalents of waste and salt
as byproduct. Hence, domino processes, in an environmen-
tally benign and atom economic fashion,2 play an important
role in organic synthesis, especially considering that certain
complex compounds with high diastereoselectivities, such
as 6-spirosubstituted pyrido[2,3-d]pyrimidine, are of great
significance and their synthesis still remains a challenge for
chemists.

Heterocyclic spirocompounds exhibiting structural rigidity
because of conformational restriction are of interest in
synthetic organic chemistry. Indeed, the presence of a
spirocarbon atom induces a relatively large steric strain and
allows thermal, base, acid, or photopromoted rearrangement
of these products, yielding new and often unexpected

heterocycles.3 Therefore, the synthesis of these spiral struc-
tures was of considerable interest in the pharmaceutical and
agrocultural chemistry.4 Recently, synthetic strategies involv-
ing diastereoselective domino reactions have manifested
themselves as a powerful tool for the rapid introduction and
expansion of spirocyclic molecular diversity.5 Consequently,
the design and development of new and highly diastereose-
lective routes for the generation of spiro heterocycles receives
growing interest.6 However, the utilization of diastereose-
lective domino reaction to build spirosubstituted pyrido[2,3-
d]pyrimidine skeleton was seldom investigated.7 There is
only limited number of studies on related spirocyclic system.
Quiroga et al.8 synthesized pyridopyrimidine-spirocyclohex-
anetriones by treatment of 6-aminopyrimidin-4-ones with
dimedone and formaldehyde, but the reactions are not
diastereoselective. Wang et al.9 reported the reaction of
N-(arylidene)naphthalen-2-amine with arylaldehyde and 1,3-
dimethylbarbituric acid to give spiro-benzoquinolines with
the disadvantage of poor diastereoselectivity and limited
reaction scope. In this paper, we have successfully developed
a new domino reaction system to furnish spirosubstituted
pyrido[2,3-d]pyrimidines with high diastereoselectivity
(Scheme 1).

Results and Discussion

In a broad program of developing efficient, selective, and
eco-friendly synthetic methods,10 we started exploring the
use of water as reaction media in conjunction with micro-
wave (MW) irradiation as a useful, environmentally benign
synthetic treatment.11 Previous exploration of the reaction
of arylaldehydes with 2,6-diaminopyrimidin-4-one and cyclic-
1,3-dicarbonyl derivatives proved encouraging because it
provided highly functionalized pyrido[2,3-d]pyrimidine de-
rivatives and 2,6-diaminopyrimidin-4-one as an efficient
reagent displayed high reactivity in water.12 The significant
results led to the further investigation of a new reaction using
2,6-diaminopyrimidin-4-one as starting material. In our initial
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experiment, reaction of 2,6-diaminopyrimidin-4-one 1 with
4-fluorobenzaldehyde 2a and 1,3-dimethylbarbituric acid 3a
afforded the product in good yield (Scheme 2). The
spectroscopic data (1H NMR, 13C NMR) indicated the
product was 4a as a mixture of diastereomers. The structure
of the main isomer (cis) was unambiguously confirmed by
X-ray crystallopraphy (Figure 1).

In an effort to optimize this process, a range of different
solvents were investigated. Among various polar solvents
tested, glacial acetic acid (HOAc), glycol, and ethanol gave
poor to moderate yields of the product 4a because of the
insolubility of diaminopyrimidinone 1. The best solvent was
found to be water. In this solvent, 6-spirosubstituted py-
rido[2,3-d]pyrimidines (4a) was obtained with the best yield.
Water is a good absorber for microwave energy13 and has
been successfully employed as a solvent for various organic
syntheses;10g it turned out to be one of the best choices in
view of its relatively environmental-friendly characteristics,
as a “cleaner” reaction medium.10e With this result in hand,
we went on to study the scope of the methodology. Using
the optimized reaction conditions, a variety of structurally
diverse aryl aldehydes and barbituric acids were investigated
(Scheme 2).

At the beginning of the search for the scope in regard to
aldehyde, 2,6-diaminopyrimidine-4-one 1 and 1,3-dimeth-

ylbarbituric acid 3a were used as model substrates (Table 1,
entries 1-7), and the results indicated that aromatic alde-
hydes bearing either electron withdrawing or electron donat-
ing functional groups such as chloro, fluoro, bromo, methyl
or methoxy are suitable for the reaction. Unfortunately,
aliphatic aldehydes such as propionaldehyde or butyraldehyde
(or heteroaryl aldehyde such as 2-thiophenecarboxaldehyde)
produced no product 4. To expand the scope of barbituric
acid substrates, we used different aryl aldehydes and 2,6-
diaminopyrimidine-4-one as model substrates and examined
various barbituric acid including 3b and 3c. In all these cases,
reactions proceeded smoothly to give the corresponding
6-spirosubstituted pyrido[2,3-d] pyrimidines in excellent
yields (Table 1, entries 8-19).

In general, the diastereoselectivity was high, favoring the
5,7-cis disposition of substituents.14 Stereochemical assign-
ment was made in the case of 4a in which X-ray data for
the cis isomer was obtained (see Supporting Information).
Since the chemical shifts of corresponding resonances of the
two diastereomers are distinctly different, stereochemical

Scheme 1. Synthesis of 6-Spirosubstituted Pyrido[2,3-d]pyrimidines

Scheme 2. Optimization of Reaction Conditions for 6-Spirosubstituted Pyrido[2,3-d]pyrimidines

Figure 1. ORTEP drawing of 4a.

Table 1. Synthesis of 6-spirosubstituted pyrido[2,3-d]pyrimidine
under MW in Water at 100 °C

entry Ar product R1 R2

cis/
transa

time/
min yieldb/%

1 4-fluorophenyl 4a Me Me 86:14 7 89
2 4-chlorophenyl 4b Me Me 80:20 7 83
3 4-bromophenyl 4c Me Me 83:17 6 80
4 phenyl 4d Me Me 94:6 9 85
5 4-tolyl 4e Me Me 95:5 8 83
6 4-methoxyphenyl 4f Me Me 86:14 8 88
7 3,4,5-trimethoxyphenyl 4g Me Me >99:1 8 87
8 4-nitrophenyl 4h H H 92:8 6 81
9 4-fluorophenyl 4i H H >99:1 7 90
10 4-bromophenyl 4j H H 95:5 7 80
11 phenyl 4k H H >99:1 7 81
12 3,4,5-trimethoxyphenyl 4L H H >99:1 8 86
13 4-methoxyphenyl 4m H H 93:7 7 89
14 4-bromophenyl 4n Me H >99:1 7 83
15 4-fluorophenyl 4o Me H 93:7 6 89
16 phenyl 4p Me H 98:2 8 79
17 benzo[d][1,3]dioxol-5-yl 4q Me H 93:7 8 84
18 4-methoxyphenyl 4r Me H 96:4 8 88
19 4-tolyl 4s Me H 96:4 8 82

a Determined by 1H NMR spectroscopy. b Isolated yield of mixtures
(cis and trans).
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assignment of other compounds prepared was made by
analogy with compound 4a for which conclusive X-ray data
was available.

The 6-spirosubstituted pyrido[2,3-d]pyrimidine derivatives
4 are likely formed via initial condensation of aromatic
aldehyde 2 with barbituric acid 3 to afford the Knoevenagel
product 5, which then undergoes in situ addition reaction
with 2,6-diaminopyrimidine-4-one 1 to yield the intermediate
product 6 (Scheme 3). Compound 6 further reacted with
aldehydes 1 to allow the formation of the aldimines 7 as a
mixture of cis- and trans- isomers. The pKa value of barbituric
acid (pKa ) 4.0)15 is very lower, indicating that proton
transfer from the enolized barbituric acid to the imine would
be facile. Proton transfer from trans- and cis-7 afforded two
rotamer zwitterions A and B, the interconversion of them
may be hindered by the intramolecular hydrogen bonding
between the amino N-H and the barbituric acid carbonyl
group. The rotamer A has a trans disposition for the imine’s
aryl group and the neighboring pyrimidine ring (see Scheme
3) and should be more stable than B, where the two groups
are cis- to each other to impose significant steric hindrance
and repulsive interaction of between aryl group and neigh-
boring pyrimidine ring. This predominance of A over B
before (or during) cyclization produces the thermodynami-
cally more stable cis isomer C via path a, whereas the minor
trans isomer D would result from a similar cyclization from
intermediate B via path b. The proposed mechanism is similar
to Kerr’s, which accounts for the cis selectivity in the case

of the aldimines,16 although we have not been able to
separate the aldimines 7 to subject them to the reaction
conditions with the goal of probing this hypothesis.

The mechanism for diastereoselectivity was further con-
firmed by DFT (B3LYP) calculations on the potential
intermediates starting from 7 (Scheme 3).17 Entry 11 was
chosen as the model reaction. The relative free energies of
these species are shown in Scheme 3. Since the zwitterion
intermediate A lies only 2.1 kcal/mol higher in the energy
than 7, it is expected that the proton transfer is facial. The
energy of rotamer A is 6.0 kcal/mol lower than that of B
and therefore A is the main rotamer. An intramolecular
nucleophilic attack leads to the cyclization of A and B to
the final products C and D, respectively. The priority for
formation of C relative to D can be attributed to two factors:
first, the predominance of A over B makes pathway a more
plausible than pathway b; second, the cis isomer C lies 0.8
kcal/mol lower in the energy than trans isomer D (Figure
2). DFT calculations are in good agreement with the
experimental results (Table 1) and strongly support the
reaction mechanism shown in Scheme 3.

Conclusion

In conclusion, we have reported a novel and highly
stereoselective four-component protocol for the domino
reactions of 2,6-diaminopyrimidine-4-one with structurally
diverse aryl aldehydes and various barbituric acids, resulting
in the new production of 6-spirosubstituted pyrido[2,3-d]-
pyrimidines. These reactions employ microwave heating and
water as an environmentally benign reaction medium, and
the substrate scope appears to be quite general. This general
approach utilized readily available reactants to assemble four
new σ bonds including one C-N bond and three C-C bonds
in one-pot reactions.

Experimental Section

General. Microwave irradiation was carried out with
microwave oven Emrys Creator from Personal Chemistry,
Uppsala, Sweden. Melting points were determined in open
capillaries and were uncorrected. IR spectra were taken on
a FT-IR-Tensor 27 spectrometer in KBr pellets and reported
in cm-1. 1H NMR spectra were measured on a Bruker DPX
400 MHz spectrometer in DMSO-d6 with chemical shift (δ)
given in parts per million relative to TMS as internal
standard. ESI-MS was determined by using the LCQ
Advantage HPLC/MS instrument (Thermo Finnigan). HRMS
(ESI) was determined by using microTOF-Q| HRMS/MS
instrument (BRUKER).X-ray crystallographic analysis was

Scheme 3. Reaction Mechanism of Formation Product 4

Figure 2. Calculations of the relative energy.
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performed with a Siemens SMART CCD and a Siemens P4
diffractometer.

General Procedure for the Synthesis of Spiro[Pyrido-
[2,3-d]pyrimidine-6,5′-pyrimidine] Derivatives 4a with
Microwave Irradiation (Entry 1, Table 1). In 10-mL vial,
2,6-diaminopyrimidine-4(3H)-one (126 mg, 1 mmol), 1,3-
dimethylbarbituric acid (156 mg, 1 mmol), 4-fluorobenzal-
dehyde (248 mg, 2 mmol), and water (2.0 mL) were mixed
and then capped. The mixture was irradiated for 7 min at
100 °C (initial power 150 W and maximum power 250 W).
Upon completion of the reaction as monitored by TLC, the
reaction mixture was cooled to room temperature. The solid
product was filtered, washed with H2O and EtOH (95%).
The solid was purified by recrystallization from DMF/EtOH
(v/v ) 1:20).

2-Amino-1′,3′-dimethyl-5,7-bis(4-fluorophenyl)-7,8-di-
hydro-1′H,3H-spiro[pyrido[2,3-d]pyrimidine-6,5′-pyrimi-
dine]-2′,4,4′,6′(3′H,5H)-tetraone (Entry 1, Table 1): white
solid (89% yield); mp >300 °C; IR (KBr, ν, cm-1) 3488,
3388, 3197, 2928, 1747, 1684 cm-1; 1HNMR (400 MHz,
DMSO-d6, 25 °C, mixture - major isomer only) δ ) 9.89
(s, 1H), 7.24 (s, 1H), 7.16-7.12 (m, 4H), 6.93 (t, J ) 8.4
Hz, 2H), 6.87-6.83 (m, 2H), 6.14 (s, 2H), 4.88 (s, 1H), 4.71
(s, 1H), 2.90 (s, 3H), 2.66 (s, 3H); 13C NMR (100 MHz,
DMSO-d6, 25 °C) δ ) 169.8, 164.2, 162.5, 160.8, 160.5,
153.6, 149.4, 129.6, 129.5 (2C), 129.4, 115.5, 115.3, 114.3,
114.1, 85.6, 61.5, 60.9, 46.3, 35.9, 31.0, 28.4, 27.5; HRMS
m/z calcd for 495.1587 [M + H]+, found 495.1588 [M +
H]+.
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