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Abstract—Several imidazo and pyrimido[1,2-a]pyrimidinones of type 1 and 2 were synthesized through intramolecular cyclization of
pyrimidines 9 or pyrimidinones 10 bearing a variety of f and y-aminoalcohols at the 2-position. Ring closure of the pyrimidinones of type 10
under Mitsunobu conditions lead to mixtures of both bicyclic regioisomers 1 and 2. Treatment of pyrimidines of type 9 with H,SO, provided
an efficient and operationally simple one-pot hydrolysis—cyclization procedure for obtaining imidazo and pyrimido[1,2-a]pyrimidinones 1 in

good yields as the sole regioisomeric bicyclic product.
© 2005 Published by Elsevier Ltd.

1. Introduction

The imidazo[1,2-a]pyrimidinones 1 (n=1) and 2 (n=1)
and the pyrimido[l,2-a]pyrimidinones 1 (n=2) and 2
(n=2) (Fig. 1) constitute an important class of natural
and non-natural products, many of which exhibit useful
biological activities. The imidazo[l,2-a]pyrimidinone
structure 1 (n=1) has been found in the Y base of
yeast as a component of phenylalanine transfer ribonu-
cleic acid,' and new acyclovir analogs possessing this
ring system have exhibited antiherpetic activity on
HIV-1,2. Other members of this family of compounds
also have pharmacological interest for their hypnotic,’
anesthetic* and antiallergic® properties. Imidazo[1,2-
alpyrimidinone derivatives type 2 (n=1) are of con-
siderable interest because of their activities as phospho-
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Figure 1. Imidazo and pyrimido[1,2-a]pyrimidinones 1 and 2.

diesterase (PDE) inhibitors,® and antihypertensives.’
Furthermore, some derivatives of pyrimido[l,2-a]pyrimi-
dinones 1 (n=2) and 2 (n=2) have some utility for
preventive and/or therapeutic treatment of a neuro-
degenerative disease caused by abnormal activity of
GSK38, such as Alzheimer’s disease.®

The imidazo and pyrimido[1,2-a]pyrimidinones 1 and 2
incorporate both the guanidine and pyrimidinone functiona-
lities (Fig. 1). It is well known that pyrimidin-4(3H)-ones are
valuable scaffolds in different areas of research. For example,
this class of compounds displays potent and selective activity
as non-nucleoside HIV-1 reverse transcriptase inhibitors.’
Other members of this family of compounds have found utility
as herbicides,m antidepressants” and leishmanicides.'? Tn
addition, when pyrimidin-4(3H)-ones are substituted at the
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2-position by an amino group, it can be considered to be a
cyclic guanidine. Due to the hydrogen-bonding acceptor and
donor abilities of the guanidine group, ~ 2-aminopyrimidin-
4(3H)-ones have also served as suitable models for studies
conducted on self-association'* and the subsequent appli-
cation of those studies to supramolecular chemistry.'?

Numerous methods for the synthesis of the imidazo and
pyrimido[1,2-a]pyrimidinones involve approaches based
on either (i) cyclocondensation between 2-substituted
pyrimidinone ring systems with appropriate 1,2 or 1,3-
difunctionalized synthons, such as o or [-halocarbonyl
compounds,z’16 1,2-dihaloalkanes,!” acrolein,18 %1yoxal,19
glycidaldehyde,”® and o or B-aminoalcohols,®”*" or (ii)
cyclocondensation between 2-substituted imidazole or
pyrimidine ring systems with appropriate 1,3-difunctio-
nalized synthons, such as [3—aminoesters22 and o-acety-
lenic esters.? However, both routes can give mixtures of
regioisomers. Other useful routes to these type of
heterocycles involve the fusion of two heterocycles in
one single step’® or the ring contraction of other
heterocyclic systems.?

During the last few years, we have been engaged in a
research program focused on the development of efficient
methodologies that could be adapted readily for combina-
torial and/or parallel synthesis of relevant core structures
with potential therapeutic interest. We have described the
synthesis of novel 2,3-dihydroimidazo[2,1-b][1,3]oxa-
zoles®® and multiple substituted pyrimidines.>” The method
has a nucleophilic ipso-substitution of the corresponding
activated sulfones as one of the key steps, not only for
introducing molecular diversity but also as cleavage
reaction on solid phase synthesis (Scheme 1). In this way,
several purines,”® aminopyridazines® and pteridines® have
also been prepared using an activatable sulfur linkage.
Within this context, we recently reported on the synthesis of
novel 2,6-disubstituted 3,4-dihydropyrimidin-4(3H)-ones"
7 starting from 2-alkylsulfanylpyrimidinones 3. The
methodology is based on a selective O-alkylation reaction
with i-PrOH under Mitsunobu conditions, followed by a
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Scheme 1. Nucleophilic ipso-substitution of activated sulfones.
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nucleophilic displacement of the corresponding activated
sulfones with a wide variety of nucleophiles (phenoxides,
Grignard reagents, and primary and secondary amines).
Finally, the acidic hydrolysis of the 4-isopropoxy group
under standard conditions afforded pyrimidinones 7 in good
yields (Scheme 2).

As an extension of this work, an investigation was
undertaken to expand the scope of this methodology and
its potential application in the synthesis of more elaborate
heterocyclic scaffolds based on the pyrimidin-4(3H)-one
nucleus. Specifically, we focused our attention on imi-
dazo[1,2-a]pyrimidinones and pyrimido[l,2-a]pyrimidi-
nones 1 and 2. The results of this investigation are
disclosed herein.

2. Results and discussion

Consistent with the goal of synthesizing more elaborate
heterocyclic scaffolds based on the pyrimidin-4(3H)-one
nucleus, and in complete analogy with the above-mentioned
results, we reasoned that nucleophilic ipso-substitution of
the sulfones 5 with a wide variety of  and y-aminoal-
cohols* 8, followed by subsequent acidic hydrolysis and a
final cyclization step under Mitsunobu conditions would
lead to the formation of a collection of imidazo and
pyrimido[ 1,2-a]pyrimidin-5-ones 1 and imidazo and pyr-
imido[1,2-a]pyrimidin-7-ones 2 (Scheme 3). From these
intermediates 10 the cyclization could, in principle, take
place onto N(1) or N(3) to afford the regioisomers 2 and 1,
respectively.

Thus, when pyrimidinyl sulfone derivatives S were allowed
to react in 1,4-dioxane at reflux with several B and
y-aminoalcohols 8a—f (Fig. 2), which are readily available
from commercial sources and/or from the reduction
of the corresponding amino acids,®® the corresponding
pyrimidines 9a—j were obtained generally in good yields
(Scheme 3, Table 1).
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Scheme 2. Synthesis of 2,6-disubstituted 3,4-dihydropyrimidin-4(3H)-ones 7.
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Scheme 3. Preparation of imidazo and pyrimido[1,2-a]pyrimidinones.
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Figure 2. The employed B and y-aminoalcohols 8.
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Table 1. Yields of compounds 9a—j

Howx xﬁ "

Entry Compound R! Aminoalcohol Yield (%)*
1 9a H 8a 79
2 9b Me 8a 76
3 9c¢ H 8b 65
4 9d Me 8b 94
5 9e Me 8c 79
6 of Ph 8d 85
7 9¢g Me 8d 80
8 9h Me 8e 95
9 9i H 8f 79
10 9j Me 8f 90

? Yields of isolated pure products.
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Scheme 4. Acidic hydrolysis of pyrimidines 9.
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Acidic hydrolysis of the pyrimidines 9 with concd HCI at
90 °C, followed by simple chromatographic filtration, yielded
the corresponding target pyrimidinones 10 also in good yields
(71-97%), except with the pyrimidines 9i and 9j, which led
to the formation of the uracils 11 in quantitative yields
(Scheme 4, Table 2). These results clearly indicate that the
piperidinyl group in the 2-position of the pyrimidine ring is
labile under these acidic conditions. We then focused our
attention on the search for other acidic hydrolysis conditions
that could selectively cleave the 4-alkoxy group in these two
compounds, 9i and 9j.

When derivatives 9i and 9j were allowed to react with
H,S0, at 90 °C, compounds 1i and 1j were isolated in near
quantitative yields (Scheme 5). The formation of products 1
could be rationalized in terms of a one-pot procedure simply
by hydrolysis of the 4-isopropoxy group, followed by
complete regioselective cyclization onto N(3) of the
pyrimidinone ring to afford the corresponding imidazo-
pyrimidinones 1. In good agreement with this procedure,
when pyrimidine 9f was treated with H,SO, at room
temperature for 24 h, a mixture of pyrimidinone 10f and
imidazopyrimidinone 1f was observed. After heating to
90 °C, the ring closure was completed in only 20 min and
compound 1f was isolated in good yield (Scheme 5). This
one-pot hydrolysis—cyclization reaction was successfully
extended to other pyrimidines to afford the corresponding
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Table 2. Yields of compounds 10a—j
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Entry Compound R' R? R® n Yield (%)
1 10a H H H 1 86
2 10b Me H H 1 97
3 10c H H H 2 97
4 10d Me H H 2 87
5 10e H H Bn 1 71
6 10f Ph Me H 1 95
7 10g Me Me H 1 85
8 10h Me —~(CHy)5— 1 94
9 10i H —~(CH,)4— 1 —
10 10j Me —~(CHo)4— 1 —

? Yields of isolated pure products.
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1d n=2 R=Me, R%=H, R3=H
1g n=1 R1=Me, R>=Me, R3=H
1h n=1 R'=Me, R%=R%=

95%
73%
99%

{(CHps-  76%

Scheme 5. Regioselective synthesis of imidazo and pyrimido[1,2-a]pyrimidinones 1.

imidazopyrimidinones 1 (n=1) and pyrimidopyrimidinone
1 (n=2) with an absolute regioselectivity and in good yields
(Scheme 5).

Following our initial plans we decided to investigate the
feasibility of an intramolecular cyclization of the 4(3H)-
pyrimidinones 10, under Mitsunobu conditions. Thus, when
pyrimidinones 10 were treated with PPh; and DEAD in
anhydrous THF at room temperature for 5-8 h, a separable
mixture of the regioisomeric bicyclic compounds 1 and 2
were isolated by flash chromatography in good yields
(Scheme 6, Table 3). The cyclization reaction took place
predominantly onto N(1) affording compounds of type 2 as
the major regioisomer (Table 3, entries 1-4). However,
when the N-atom at the 2-position on the pyrimidinone ring
had an alkyl substituent (R?=Me), the Mitsunobu reaction

rt./5-8h

0
R® HN PPh; / DEAD / THF /E‘ Jj\ N)j\
HOM)\ )\)‘j\ Ny R{N)'\Nl .

10

proceeded in high yield and with a high degree of
selectivity. Only the isomer 1g from cyclization onto N(3)
of the pyrimidinone ring was obtained (Table 3, entry 5).

Generally, the intramolecular cyclization reaction of
2-substituted pyrimidinone ring systems takes place onto
N(3), except when N(3) has an alkyl substituent,”® which
blocks this nitrogen, and cyclization is only possible onto
N(1) or when the 2-position on the pyrimidinone ring has a
substituent prone to tautomerize, such as an amino '
group, with the cyclization then taking place onto both N(1)
and N(3) to afford mixtures of the regioisomers 1 and 2. This
last case can explain the results in the Mitsunobu reaction.
Thus, when the reaction was carried out by employing
pyrimidinones 10 with a secondary amine in the 2-position
(R?=H), both regioisomers 1 and 2 were obtained (Table 3,

R3
1 2

Scheme 6. Intramolecular cyclization of pyrimidinones 10 under Mitsunobu conditions.
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Table 3. Yields of compounds 1 and 2

Entry R! R? R? n Regioisomer1  Regioisomer2  1:2° Yield (%)°
1 H H H 1 la 2a 12:88 91
2 H H H 2 1c 2c 23:77 95
3 Me H H 2 1d 2d 27:73 91
4 Me H Bn 1 le 2e 42:58 78
5 Me Me H 2 1g — 100:0 96

 Ratios were calculated by yields of isolated compounds.
" Yields of isolated pure products.

entries 1-4). The cyclization reaction onto N(1) probably
proceeded via its tautomeric form 10’ (Scheme 7). However,
when pyrimidinone 10e with a tertiary amine in the
2-position (R*=Me) was employed, the tautomeric form
10’ was not possible and the cyclization reaction was
completely regioselective in favor of the isomer 1 (Table 3,

entry 5).
R® HNﬁ
HOM)\

Scheme 7. Tautomerism of compounds 10.

On the other hand, the absolute regioselectivity obtained
during the synthesis of compounds 1, regardless of the R?
group (H, Me), when intramolecular cyclization was carried
out with H>SQy, are in good agreement with the literature.
To the best of our knowledge, intramolecular cyclization of

1d
NOE effects

HMBC effects

Figure 3. HMBC and NOE experiments of compounds 1d and 2d.

2e

2-subtituted pyrimidin-4(3H)-ones always took place exclu-
sively onto N(3) under acid reaction conditions.**

All products and intermediates were characterlzed by
the usual spectroscopic methods, such as 'H and "°C
spectroscopy, mass spectrometry, IR, and elemental
analysis. The 'H and '>C NMR spectra for 1 and 2 were
assigned by means of DEPT and HMQC experiments and
the regiochemistry of both of these isomers 1 and 2 was
established unequivocally by NOE and heteronuclear
multiple bond correlation (HMBC) experiments. A NOE
effect was observed between methyl protons and proton Hs,
as well as between methyl protons and protons Hg in
isomers 1d, while in isomers 2d, a NOE effect was not
observed between protons Hg and methyl protons (Fig. 3). In
addition, the HMBC experiments gave supplementary
information: for isomer 1, long range "H-'">C correlations
are observed between protons Hg and both carbons 4
(C=0) and 10 (C=N) (Fig. 3), while isomer 2 presented
correlations between protons Hg and carbon 2 (C=0) and
carbon 4 (Fig. 3). Moreover, the structures of compounds 2e
and 1h were established unambiguously by X-ray crystallo-
graphy (Fig. 4).

3. Conclusion

In summary, we have shown that 2-substituted pyrimi-
dinones 10 with a variety of B and <y-aminoalcohols,
which are easily available from pyrimidinyl sulfone
derivatives 5, are good synthetic precursors for the
preparation of imidazo and pyrimido[1,2-a]pyrimidinones
1 and 2 via an intramolecular ring closure. When
cyclization was carried out under Mitsunobu conditions
by employing pyrimidinones 10 with a secondary amine

e O

R

/ \ )
~7

1h

Figure 4. The molecular structures of 2e and 1h (Ortep-plot with ellipsoids at the 50% probability levels).
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in the 2-position (R*=H), both regioisomers 1 and 2
were obtained. In contrast, when the N atom in the
2-position on the pyrimidinone ring has an alkyl
substituent (R2=Me), the Mitsunobu reaction yielded
the regioisomer 1 as the only product. On the other hand,
treatment of the pyrimidines 9 with H,SO, afforded, with
an absolute regioselectivity, the imidazo and pyri-
mido[1,2-a]pyrimidinones 1 through a one-pot hydro-
lysis—cyclization procedure. Considering the easily
available starting materials, generality of the reaction,
simplicity of the procedure and good yields, this provides
a straightforward method to construct a diverse array of
imidazo and pyrimido[l,2-a]pyrimidinones 1 and 2.
However, we are aware that the orientation of the
cyclization reaction could change when pyrimidinone
ring would be substituted with strong electron-with-
drawing or electron-donating groups. In this way, further
investigation on regioselective cyclization of the pyri-
midinones substituted at 6-position with nitro, amino,
alkylamino or alkoxy groups are currently in progress in
our laboratories.

4. Experimental

4.1. General remarks

4-Isopropoxy-2-phenylmethanesulfonyl-pyrimidine S5a,
4-isopropoxy-6-methyl-2-phenylmethanesulfonyl-pyrimi-
dine Sb and 4-isopropoxy-6-phenyl-2-phenylmethane-
sulfonyl-pyrimidine 5c¢, were prepared as previously
reported by us.?® All commercially available chemicals were
used as purchased without further purification. DMF and
dioxane were dried over activated molecular sieves (4 A)
THF was dried over Na/benzophenone prior use. Melting
points (capillary tube) were measured with an Electrothermal
digital melting point apparatus IA 91000 and are uncorrected.
IR spectra were recorded on a Mattson-Galaxy Satellite FT-IR
using a single reflection ATR system as a sampling accessory.
"H and '°C NMR spectra were recorded at 200 and 50 MHz,
respectively, on a Brucker DPX200 Advance instrument.
Spectra recorded in CDCl; were referenced to residual CHCl;
at 7.26 ppm for "H or 77.0 ppm for '*C. Spectra recorded in
DMSO-dg were referenced to residual DMSO at 2.49 ppm for
'H or 39.5 ppm for '*C. Coupling constants (J) are given in
Hertz (Hz). The terms s, d, t, g, sept, m, dd, refer to singlet,
doublet, triplet, quartet, septet, multiplet; double doublet, br
implies the signal is broad. Mass spectra were recorded by
electron impact (EI, 70 eV) on a Thermo Quest 2000 series
apparatus or by fast-atom bombardment (FAB) on a VG
Quattro instrument or by electrospray ionitzation (ESI) using a
quadrupole mass spectrometer equipped with an electrospray
ion source. Elemental analyses were performed on an
apparatus from Thermo Instruments, model EA1110-CHNS.
Analytical thin-layer chromatography (TLC) was performed
on glass plates precoated with silica gel 60 Fps4 (Merck).
Visualitzation was accomplished by UV light (254 nm) and
potassium permanganate. Flash-chromatography (FC) purifi-
cations were performed on silica gel 60 (230-400 mesh,
Merck).

4.2. General procedure for the ipso-substitution reaction
of pyrimidinyl sulfone derivatives 5 with amino alcohols
8. Synthesis of pyrimidines 9

Under a nitrogen atmosphere, to a solution of pyrimidinyl
sulfones Sa—c (1 equiv) in dry dioxane (3 mL/mmol), the
corresponding amino alcohol 8a—f (1.5-2 equiv) was added.
The resulting mixture was refluxed for 5-24 h until the
reaction was completed (TLC monitoring). The solvent was
removed under reduced pressure and the resulting residue
was purified by flash-chromatography (n-hexane/ethyl
acetate 4:1 gradually increasing to pure ethyl acetate) to
afford pyrimidines 9.

4.2.1. 2-(4-Isopropoxy-pyrimidin-2-ylamino)-ethanol
(9a). From 1.61 g (5.51 mmol) of sulfone 5a and 0.50 mL
(8.1 mmol) of 2-amino-ethanol 8a, 857 mg (79%) of
compound 9a was obtained as a colorless solid. Mp:
100-101 °C. R; 0.23 (dichloromethane/methanol 10:1). IR
(neat): 3298, 3259, 1574 cm ™~ '; 'H NMR (CDCl5): 6 1.33
(d, 6H, J=6.2 Hz), 3.56 (t, 2H, J=4.4 Hz), 3.81 (t, 2H, J=
4.4 Hz), 4.55 (br, 1H), 5.28 (sept, 1H, J=6.2 Hz), 5.75 (br,
1H), 5.95 (d, 1H, J=5.6 Hz), 7.94 (d, 1H, J=5.6 Hz); '°C
NMR (CDCls): 6 21.8 (q, 2 CHy), 44.4, 62.6 (2t, 2 CH,),
68.5(d, CH), 98.1, 157.3 (2d, 2 Cprnm) 169.4,162.7 (2s, 2

Cpyrim); MS (ED) m/z: 197 (IM]" ™, 13). Anal. Calcd for
CoH5N30,: C, 54.81; H, 7.67; N, 21.30. Found: C, 54.60;
H, 7.78; N, 21.11.

4.2.2. 2-(4-Isopropoxy-6-methyl-pyrimidin-2-ylamino)-
ethanol (9b). From 1.00 g (3.27 mmol) of sulfone Sb and
0.30 mL (4.85 mmol) of 2-amino-ethanol 8a, 524 mg (76%)
of compound 9b was obtained as a colorless solid. Mp:
109-110 °C. Ry 0.79 (dichloromethane/methanol 3:1). IR
(neat): 3265, 3190, 1568 cm~'; 'H NMR (CDCls): 6 1.33
(d, 6H, J=6.2 Hz), 2.25 (s, 3H), 3.56 (t, 2H, J=4.4 Hz),
3.83 (t, 2H, J=4.4 Hz), 4.65 (br, 1H), 5.25 (sept, 1H, J=
6.2 Hz), 5.45 (br, 1H), 5.86 (s, 1H); '*C NMR (CDCl;): 6
21.9,23.4 (2q, 3 CH3), 44.7, 63.5 (2t, 2 CH,), 68.4 (d, CH),
96.9 (d, Cprr,m) 162.7,167.4,170.0 (3s, 3 Cpyrim); MS (EI)
miz: 211 ((M]" ", 14). Anal. Caled for C;oH;7N;0,: C,
56.85;H, 8.11; N, 19.89.F0und: C,56.96; H, 8.29; N, 19.70.

4.2.3. 3-(4-Isopropoxy-pyrimidin-2-ylamino)-propan-1-
ol (9¢). From 1.03 g (3.5 mmol) of sulfone 5a and 0.4 mL
(5.42 mmol) of 3-amino-propan-1-ol 8b, 487 mg (65%) of
compound 9c¢ was obtained as a colorless solid. Mp:
82-83 °C. R; 0.33 (dichloromethane/methanol 10:1). IR
(neat): 3280, 3219, 1560 cm ™~ '; "H NMR (CDCl5): ¢ 1.33
(d, 6H, J=6.2 Hz), 1.77 (m, 2H), 3.57 (q, 2H, /J=6.0 Hz),
3.67 (t, 2H, J=5.7 Hz), 4.15 (br, 1H), 5.26 (sept, 1H, J=
6.2 Hz), 5.30 (br, 1H), 5.96 (d, 1H, J=5.8 Hz), 7.96 (d, 1H,
J=5.8 Hz); *C NMR (CDCl5): 6 22.5 (g, 2 CH3), 33.8,
38.4, 59.4 (3t, 3 CH,), 69.2 (d, CH), 98.8, 158.1 (2d,

CH yrlm) 163.6, 170.1 (2s, 2 Cpyrim); MS (EI) m/z: 211
([M] 9) Anal. Calcd for C]OH]7N302 C 56. 85 H 8. 11

N, 1989 Found: C, 56.74; H, 8.32; N, 19.86.

4.2.4. 3-(4-Isopropoxy-6-methyl-pyrimidin-2-ylamino)-
propan-1-ol (9d). From 1.23 g (4.02 mmol) of sulfone Sb
0.46 mL (6.24 mmol) of and 3-amino-propan-1-ol 8b,
847 mg (94%) of compound 9d was obtained as a colorless
oil. R 0.12 (n-hexane/ethyl acetate 1:1). IR (neat): 3305,
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3106, 1578 cm ™ '; '"H NMR (CDCl;): 6 1.33 (d, 6H, J=
6.2 Hz), 1.81 (q, 2H, J=5.8 Hz), 2.33 (s, 3H), 3.56 (q, 2H,
J=6.0 Hz), 3.70 (t, 2H, J=5.6 Hz), 5.30 (sept, 1H, J=
6.2 Hz), 5.55 (br, 2H), 5.83 (s, 1H); '*C NMR (CDCl5):
6 21.8, 22.6 (2q, 3 CHs), 32.5, 38.7, 59.9 (3t, 3 CH,),
71.4 (d, CH), 98.4 (d, CHpyrim), 158.3, 167.0, 171.3 (3s, 3
Cpyrim); MS (EI) m/z: 225 (IM]' ", 64). Anal. Caled for
C;1H;oN;0,: C, 58.64; H, 8.50; N, 18.65. Found: C, 58.87;
H, 8.62; N, 18.84.

4.2.5. 2-(4-Isopropoxy-6-methyl-pyrimidin-2-ylamino)-
3-phenyl-propan-1-ol (9¢). From 785 mg (2.56 mmol) of
sulfone Sb and 774 mg (5.13 mmol) of phenylalaninol 8c,
612 mg (79%) of compound 9e was obtained as a colorless
oil. Ry 0.12 (chloroform/methanol 6:1). IR (neat): 3400,
3028, 1577 cm ™ '; "H NMR (CDCl5): 6 1.34 (d, 6H, J=
6.2 Hz), 2.97 (d, 2H, J=7.4 Hz), 3.67 (dd, 1H, /J=10.8 Hz,
J'=5.6Hz), 3.82 (dd, 1H, J=10.8 Hz, J'=2.8 Hz), 4.20
(m, 1H), 4.30 (br, 1H), 5.27 (sept, 1H, J=6.2 Hz), 5.40 (br,
1H), 5.86 (s, 1H), 7.20=7.40 (m, 5H); '>*C NMR (CDCls): 6
22.6, 23.8 (2q, 3 CH3), 38.4 (t, CH,), 55.6 (d, CH), 65.4 (t,
CH»), 69.3 (d, CH), 97.5 (d, CHpyrim), 127.1, 129.2, 129.9
(3d, 5 CHrom), 139.0 (S, Carom)> 162.2, 167.3, 170.8 (3s, 3
Cpyrim); MS (EI) m/z: 301 (IM]'*, 4). Anal. Caled for
C17H»3N305: C, 67.75; H, 7.69; N, 13.94. Found: C, 67.56;
H, 7.52; N, 14.12.

4.2.6. 2-[(4-Isopropoxy-6-phenyl-pyrimidin-2-yl)-
methyl-amino]-ethanol (9f). From 1.00 g (2.72 mmol) of
sulfone 5¢ and 0.38 mL (5.4 mmol) of 2-methylamino-
ethanol 8d, 667 mg (85%) of compound 9f was obtained as
a colorless oil. Ry 0.23 (n-hexane/ethyl acetate 1:1). IR
(neat): 3400-3200, 1534 cm ™~ '; '"H NMR (CDCly): 6 1.42
(d, 6H, J=6.2 Hz), 3.30 (s, 3H), 3.85-4.00 (m, 4H), 5.40
(sept, 1H, J=6.2 Hz), 6.40 (s, 1H), 7.40, 7.50 (m, 3H),
7.95-8.00 (m, 2H); '°C NMR (CDCls): 6 22.6, 37.3 (2q, 3
CH3), 53.5,63.7 (2t, 2 CH), 69.3 (d, CH), 93.7 (d, CHpyim),
127.5, 129.2, 130.8 (3d, 5 CHzrom), 138.4 (s, Carom), 163.6,
165.7, 170.9 (3s, 3 Cpyrim); MS (EI) m/z: 287 (IM]° 7, 11).
Anal. Calcd for C;gH,;N50,: C, 66.88; H, 7.37; N, 14.62.
Found: C, 67.15; H, 7.45; N, 14.35.

4.2.7. 2-[(4-Isopropoxy-6-methyl-pyrimidin-2-yl)-
methyl-amino]-ethanol (9g). From 1.23 g (4.02 mmol) of
sulfone Sb and 0.48 mL (6.83 mmol) of 2-methylamino-
ethanol 8d, 721 mg (80%) of compound 9g was obtained as
a colorless oil. Ry 0.38 (n-hexane/ethyl acetate 1:1). IR
(neat): 3450-3250, 1576 cm ™~ '; 'TH NMR (CDCl5): 6 1.34
(d, 6H, J=6.2 Hz), 2.24 (s, 3H), 3.20 (s, 3H), 3.74 (t, 2H,
J=4.0Hz), 3.89 (t, 2H, J=4.0 Hz), 5.30 (sept, 1H, J=
6.2 Hz), 5.81 (s, 1H); >*C NMR (CDCl5): 6 21.9, 23.5, 36.6
(3q, 4 CH3), 53.2, 63.3 (2t, 2 CH,), 68.2 (d, CH), 95.7 (d,
CHpyrim), 162.6, 167.0, 169.6 (3s, 3 Cpyrim); MS (ED) m/z:
225 (IM]" 7, 29). Anal. Calcd for C,;H;oN;0,: C, 58.64; H,
8.50; N, 18.65. Found: C, 58.66; H, 8.62; N, 18.56.

4.2.8. [1-(4-Isopropoxy-6-methyl-pyrimidin-2-yl)-pyrro-
lidin-2-yl]-methanol (9h). From 1.00 g (3.27 mmol) of
sulfone 5b and 0.58 mL (5.6 mmol) of prolinol 8e, 825 mg
(95%) of compound 9h was obtained as a colorless oil. R¢
0.34 (n-hexane/ethyl acetate 1:1). IR (neat): 3400-3300,
1574 cm™'; '"H NMR (CDCl5): 6 1.33 (d, 6H, J=6.2 Hz),
1.70-2.20 (m, 4H), 2.23 (s, 3H), 3.50-3.80 (m, 4H), 4.25

(m, 1H), 5.30 (sept, 1H, J=6.2 Hz), 5.81 (s, 1H); '*C NMR
(CDCls): 6 21.9, 23.3 (2q, 3 CH;), 23.9, 29.9, 48.2 (3t, 3
CH,), 61.1 (d, CH), 68.3 (t, CH,), 68.8 (d, CH), 95.7 (d,
CHpyrim), 161.1, 166.5, 169.6 (3s, 3 Cpyrim); MS (EI) m/z:
251 (IM]" ™, 3). Anal. Caled for C;3H,,N;O,: C, 62.13; H,
8.42; N, 16.72. Found: C, 62.19; H, 8.64; N, 16.44.

4.2.9. [1-(4-Isopropoxypyrimidin-2-yl)piperidin-2-yl]-
methanol (9i). From 875 mg (3.0 mmol) of sulfone 5a
and 618 mg (5.37 mmol) of piperidin-2-yl-methanol 8f,
596 mg (79%) of compound 9i was obtanied as a colorless
oil. Ry 0.40 (n-hexane/ethyl acetate 1:1). IR (neat): 3405,
1587 cm ™ !; '"H NMR (CDCl,): 6 1.37 (d, 6H, J=6.2 Hz),
1.65-1.80 (m, 6H), 3.05 (m, 1H), 3.40 (br, 1H), 3.73 (dd,
1H, J=10.7 Hz, J'=5, 5Hz), 3.96 (dd, 1H, J=10.7 Hz,
J'=8.8 Hz, CH,N), 4.60 (m, 1H), 4.90 (m, 1H), 5.28 (sept,
1H, J=6.2 Hz), 5.90 (d, 1H, J=6.0 Hz), 7.98 (d, 1H, J=
6.0 Hz); '*C NMR (CDCl5): 6 19.8 (t, CH,), 21.8 (q, 2 CH3),
24.9,25.6,39.6 (3t, 3 CH,), 52.7 (d, CH), 62.7 (t, CH,), 68.2
(d, CH), 97.1, 157.4 (2d, 2 CHpyyim), 162.6, 169.0 (2s, 2
Coyrim); MS (EI) m/z: 251 (IM]"*, 6). Anal. Caled for
C3H21N30;: C, 62.13; H, 8.42; N, 16.72. Found: C, 62.22;
H, 8.34; N, 16.54.

4.2.10. [1-(4-Isopropoxy-6-methylpyrimidin-2-yl)-piper-
idin-2-yl]-methanol (9j). From 900 mg (2.94 mmol) of
sulfone 5b and 672 mg (5.84 mmol) piperidin-2-yl-
methanol 8f, 716 mg (90%) of compound 9j was obtained
as a colorless oil. Ry 0.44 (n-hexane/ethyl acetate 1:1). IR
(neat): 3400, 1573 cm~'; "TH NMR (CDCl5): 6 1.31 (d, 6H,
J=6.2 Hz), 1.50-1.70 (m, 6H), 2.20 (s, 3H), 3.05 (m, 1H),
3.71 (dd, 1H, J=10.7 Hz, J'’=4.7 Hz, CH,N), 4.00 (dd, 1H,
J=10.7 Hz, J'=9.0 Hz), 4.15 (br, 1H), 4.60 (m, 1H), 4.90
(m, 1H), 5.25 (sept, 1H, J=6.2 Hz), 5.77 (s, 1H); ">*C NMR
(CDCly): 6 20.6 (t, CH,), 21.5, 24.4 (2q, 3 CH3), 25.6, 26.5,
40.3 (3t, 3 CH,), 53.6 (d, CH), 64.1 (t, CH,), 68.7 (d, CH),
96.3 (d, CH,yrim), 163.4,167.9, 170.2 (38, 3 Cpyrim); MS (EI)
mlz: 265 (IM]" ", 3). Anal. Calcd for Ci4H»3N30,: C, 63.37;
H, 8.74; N, 15.84. Found: C, 63.09; H, 8.83; N, 15.66.

4.3. General procedure for the hydrolysis of compounds
9 with HCI. Synthesis of pyrimidinones 10

A suspension of the corresponding 4-isopropoxypyrimidine
9 (1 equiv) in concd HCI1 (2 mL/mmol) was heated at 90 °C
for 30 min. After cooling, the mixture was neutralized
with aq 5 N NaOH and extracted with CH,Cl, (3 X 10 mL/
mmol). The combined organic layers were washed with
brine (1X10 mL/mmol) and the organic layer was dried
over MgSO,, filtered and concentrated under reduced
pressure. The resulting crude product was purified by
flash-chromatography (ethyl acetate/methanol 10:1) to
afford pyrimidinones 10.

4.3.1. 2-(2-Hydroxy-ethylamino)-3H-pyrimidin-4-one
(10a). From 336 mg (1.7 mmol) of 4-isopropoxipyrimidine
9a, 226 mg (86%) of compound 10a was obtained as a
colorless solid. Mp: 176177 °C. R; 0.17 (dichloromethane/
methanol 10:1). IR (neat): 3220-2880, 1681, 1621 cm”
"H NMR (DMSO-dg): 6 3.30 (m, 2H), 3.51 (t, 2H, J=
5.6 Hz), 4.90 (br, 1H), 5.53 (d, 1H, J=6.6 Hz), 6.55 (br,
1H), 7.57 (d, 1H, J=6.6 Hz), 10.60 (br, 1H); '*C NMR
(DMSO-dg): 6 43.4, 59.2 (2t, 2 CH,), 103.2, 149.2 (2d, 2
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CHpyrin). 153.9, 162.0 (25, 2 Coyrin): MS (ESI) miz: 178
[M+23]", 156 [M+1]". Anal. Calcd for C¢HoN;O5: C,
46.45: H, 5.85; N, 27.08. Found: C, 46.43; H, 5.96; N, 27.10.

4.3.2. 2-(2-Hydroxyethylamino)-6-methylpyrimidin-
4(3H)-one (10b). From 446 mg (2.11 mmol) of 4-iso-
propoxipyrimidine 9b, 346 mg (97%) of compound 10b
was obtained as a colorless solid. Mp: 192-193 °C. R; 0.51
(dichloromethane/methanol 3:1). IR (neat): 3250,
1612cm™"; '"H NMR (DMSO-dy): 6 2.10 (s, 3H), 3.30
(m, 2H), 3.40 (t, 2H, J=6.0 Hz), 3.59 (t, 2H, J=6.0 Hz),
4.95 (br, 1H), 5.50 (s, 1H), 6.70 (br, 1H), 10.65 (br, 1H); '*C
NMR (DMSO-dg): 6 24.4 (q, CH3), 43.1, 60.0 (2t, 2 CH,),
100.8 (d, CHpyrim), 154.7, 163.0, 166.0 (35 3 Cpyrim); MS
(ESI) m/z: 192 [M+23]+ 170 [M+1]%. Anal. Calcd for
C;H1N30;: C, 49.70; H, 6.55; N, 24.84. Found: C, 4991,
H, 6.68; N, 24.56.

4.3.3. 2-(3-Hydroxy-propylamino)-3H-pyrimidin-4-one
(10c). From 344 mg (1.63 mmol) of 4-isopropoxipyrimidine
9¢c, 268 mg (97%) of compound 10c was obtained as a
colorless solid. Mp: 141-142 °C. R; 0.20 (dichloromethane/
methanol 10:1). IR (neat): 3210-2873, 1676, 1609 cm” b
"H NMR (DMSO-dq): ¢ 1.73 (m, 2H), 3.39 (m, 2H), 3.54
(m, 2H), 4.65 (br, 1H), 5.62 (d, 1H, J=6.6 Hz), 6.62 (br,
1H), 7.66 (d, 1H, J=6.6 Hz), 10.85 (br, 1H); '*C NMR
(DMSO-dg): 6 31.9, 37.6, 58.3 (3t, 3 CH,), 102.7, 154.4 (2d,
2 CHpyrim), 155.2 162.9 (Zs 2 Cpyrim); MS (ESID) m/z: 192
[M+23]7, 170 [M+1]7. Anal. Calcd for C;H;N30,: C,
49.70; H, 6.55; N, 24.84. Found: C, 49.57; H, 6.80; N, 25.05.

4.3.4. 2-(3-Hydroxy-propylamino)-6-methyl-3H-pyrimi-
din-4-one (10d). From 570 mg (2.53 mmol) of 4-isopro-
poxipyrimidine 9d, 403 mg (87%) of compound 10d was
obtained as a colorless solid. Mp: 160-161 °C. R; 0.60
(dichloromethane/methanol 3:1). IR (neat): 3215-2890,
1675, 1611 cm ™ '; "H NMR (DMSO-dg): 6 1.71 (m, 2H),
2.10 (s, 3H), 3.40 (t, 2H, J=6.0Hz), 3.54 (t, 2H, J=
6.0 Hz), 4.70 (br, 1H), 5.47 (s, 1H), 6.90 (br, 1H), 10.75 (br,
1H); '*C NMR (DMSO-d): 6 23.9 (g, CH3), 32.0, 37.3, 58.3
(3t 3 CHy), 100.2 (d, CHpyrim), 1544 162.7, 1655 (3s, 3

Cpyrim); MS (ESI) m/z: 206 [M+23] , 184 [M+1]7". Anal.
Calcd for CgH3N30,: C, 52.45; H, 7. 15 N, 22.94. Found:
C, 52.70; H, 7.13; N, 23.11.

4.3.5. 2-(1-Benzyl-2-hydroxy-ethylamino)-6-methyl-3H-
pyrimidin-4-one (10e). From 410 mg (1.36 mmol) of
4-isopropoxipyrimidine 9e, 251 mg (71%) of compound
10e was obtained as a colorless solid. Mp: 145-146 °C. R¢
0.61 (dichloromethane/methanol 6:1). IR (neat):
3215-2890, 1675, 1611 cm™'; '"H NMR (DMSO-dy): 6
2.10 (s, 3H), 2.90 (m, 2H), 3.51 (d, 2H, J=4.2 Hz), 4.15 (m,
1H), 5.48 (s, 1H), 6.57 (d, 1H, J=7.6 Hz), 7.25-7.40 (m,
5H); '*C NMR (DMSO-dq): 6 24.3 (q, CH3), 37.2 (t, CH»),
53.8(d, CH), 61.9 (t, CH»), 100.8 (d, CHpysim), 126.5, 128.6,
129.7 (3d, 5 CHgom)» 139.3 (8, Carom), 154.4, 163.4, 165.8
(38, 3 Cpyrim); MS (FAB™) m/z: 260 (IM+ 117, 100). Anal.
Calcd for C4H7N30,: C, 64.85; H, 6.61; N, 16.21. Found:
C, 65.06; H, 6.74; N, 15.93.

4.3.6. 2-(N-(2-Hydroxyethyl)-N-methylamino)-6-phenyl-
pyrimidin-4(3H)-one (10f). From 53 mg (0.18 mmol) of
4-isopropoxipyrimidine 9f, 39 mg (95%) of compound 10f

was obtained as a colorless solid. Mp: 197-198 °C. R; 0.40
(dichloromethane/methanol 10:1). IR (neat): 3350,
1639cm™"; 'H NMR (DMSO-dg): 6 3.26 (s, 3H), 3.75
(m, 4H), 5.00 (br, 1H), 6.26 (s, 1H), 7.50-7.60 (m, 3H),
8.05-8.10 (m, 2H); "*C NMR (DMSO-d): ¢ 36.5 (q, CH3),
51.8,58.9(2t,2 CH»), 95.3 (d, CHpyrim), 126.6, 128.4, 130.0
(3d, 5 CHyrom), 137.4 (S, Carom), 155.5, 161.9, 165.1 (3s, 3
Cpyrim); MS (FAB™) m/z: 246 ((M+ 1], 100). Anal. Calcd
for C;3H;sN30,: C, 63.66; H, 6.16; N, 17.13. Found: C,
63.72; H, 6.03; N, 17.30.

4.3.7. 2-[(2-Hydroxy-ethyl)-methyl-amino]-6-methyl-
3H-pyrimidin-4-one (10g). From 560 mg (2.49 mmol) of
4-isopropoxipyrimidine 9g, 387 mg (85%) of compound
10g was obtained as a colorless solid. Mp: 118-119 °C. R
0.26 (dichloromethane/methanol 10:1). IR (neat):
3363-2851, 1647, 1565cm™'; '"H NMR (DMSO-de): 6
2.13 (s, 3H), 3.15 (s, 3H), 3.65 (m, 4H), 4.90 (br, 1H), 5.55
(s, 1H), 10.85 (br, 1H); *C NMR (DMSO-dq): 6 23.0, 35.4
(2q, 2 CH3), 58.0, 50.6, (2t,2 CH,), 97.5 (d CHpyrim), 154.2,
163.6, 164.8 (3s, 3 Coyrim); MS (FAB™) m/z: 206 [M+
2311, 184 (M +111 Anal Calcd for CgH;3N30,: C, 52.45;
H, 7.15; N, 22.94. Found: C, 52.31; H, 7.23; N, 22.81.

4.3.8. 2-(2-(Hydroxymethyl)pyrrolidin-1-yl)-6-methyl-
pyrimidin-4(3H)-one (10h). From 630 mg (2.51 mmol) of
4-isopropoxipyrimidine 9h, 490 mg (94%) of compound
10h was obtained as a colorless solid. Mp: 110-111 °C. R
0.73 (dichloromethane/methanol 6:1). IR (neat): 3380,
1686 cm ™ '; '"H NMR (DMSO-de): 6 1.95 (m, 4H), 2.38
(s, 3H), 3.40-3.65 (m, 4H), 4.45 (br, 1H), 5.99 (s, 1H); °C
NMR (DMSO-dg): 6 19.6, (q, CH3), 23.2, 27.9, 49.8 (3q, 3
CH,), 61.6 (d, CH), 61.9 (t, CH,), 1006(d CHpyrim), 151. 2
156.4, 165.6 (3s, 3 Cpyrim); MS (FAB) m/z: 210 [M+ 11"
Anal. Caled for C1oH;5sN30,: C, 57.40; H, 7.23; N, 20. 08
Found: C, 57.51; H, 7.04; N, 20.11.

4.4. General procedure for the sequential hydrolysis—
cyclization of compounds 9. Synthesis of compounds 1

A suspension of the corresponding 4-isopropoxypyrimidine
9 (1 equiv) in concd H,SO4 (3 mL/mmol) was heated at
90 °C for 20 min—1 h until the reaction was completed (TLC
monitoring). After cooling, the mixture was neutralized
with ag 5 N NaOH and extracted with CH,Cl, (3 X 10 mL/
mmol). The combined organic layers were washed with
brine (1X10 mL/mmol) and the organic layer was dried
over MgSOQy, filtered and evaporated under reduced pressure
to afford imidazo[1,2-a]pyrimidinones 1 (n=1) or pyr-
imido[1,2-a]pyrimidinones 1 (n=2).

4.4.1. 5,6,7,8,8a,9-Hexahydro-4,4b,9a-triaza-fluoren-1-
one (li). From 123 mg (0.49 mmol) of 4-isopropoxipyr-
imidine 9i, 92 mg (98%) of compound 1i was obtained as a
colorless solid. Mp: 93-94 °C. R; 0.38 (dichloromethane/
methanol 10:1). IR (neat): 1659, 1579, 1545cm™'; 'H
NMR (DMSO-dg): 6 1.40-1.90 (m, 6H), 3.00 (m, 1H),
3.60-4.25 (m, 4H), 5.68 (d, 1H, J=6.4 Hz), 7.66 (d, 1H, J=
6.4 Hz); '*C NMR (DMSO-d): 6 22.5, 23.9, 41.0, 46.4 (5t,
5 CH,), 54.6 (d, CH), 102.9, 155.3 (24, 2 Cprnm) 155.6,
160.5 (2s, 2 Cpyrim); MS (ESI) m/z: 192 [M+1]". Anal.
Calcd for C1oH3N30: C, 62.81; H, 6.85; N, 21.97. Found:
C, 62.92; H, 6.66; N, 22.00.
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4.4.2. 3-Methyl-5,6,7,8,8a,9-hexahydro-4,4b,9a-triaza-
fluoren-1-one (1j). From 103 mg (0.39 mmol) of 4-iso-
propoxipyrimidine 9j, 79 mg (99%) of compound 1j was
obtained as a colorless solid. Mp: 121-123 °C. R; 0.34
(dichloromethane/methanol 10:1). IR (neat): 1657, 1584,
1553 cm™'; '"H NMR (DMSO-de): 6 1.40-1.95 (m, 6H),
2.13 (s, 3H), 2.95 (m, 1H), 3.55-4.20 (m, 4H), 5.58 (s, 1H);
13C NMR (DMSO-dy): 6 22.6 (t, CH,), 23.7 (q, CH3), 23.9,
30.1, 41.0, 46.3 (4t, 4 CH,), 54.8 (d, CH), 100.6 (d,
CHpyrim), 154.7, 160.7, 165.3 (3s, 3 Cpyrim); MS (ESI) m/z:
206 [M+1]". Anal. Caled for C;;H;5sN;0: C, 64.37; H,
7.37; N, 20.47. Found: C, 64.15; H, 7.46; N, 20.32.

4.4.3. 1-Methyl-7-phenyl-2,3-dihydro-1H-imidazo[1,2-
a]pyrimidin-5-one (1f). From 527 mg (1.84 mmol) of
4-isopropoxipyrimidine 9f, 394 mg (95%) of compound 1f
was obtained as a colorless solid. Mp: 130-131 °C. R; 0.54
(dichloromethane/methanol 10:1). IR (neat): 1665, 1590,
1553 cm ™ '; '"H NMR (CDCls): 6 3.12 (s, 3H), 3.69 (t, 2H,
J=8.8 Hz), 4.16 (t, 2H, J=8.7 Hz), 6.29 (s, 1H), 7.40-7.50
(m, 3H), 7.95-8.00 (m, 2H); '>*C NMR (CDCl5): 6 32.3 (q,
CH3), 41.0,47.8 (2t, 2 CH»), 99.8 (d, CH,yyrim), 127.8, 129.1,
130.7 (3d, 5 CH,rom), 138.1 (s, Carom), 157.3, 163.2, 164.1
(3s, 3 Cpyrim); MS (ESD) m/z: 228 [M+ 11", Anal. Calced for
C3H13N30: C, 68.70; H, 5.77; N, 18.49. Found: C, 68.49;
H, 5.93; N, 18.54.

4.4.4. 7-Methyl-2,3-dihydro-1H-imidazo[1,2-a]pyri-
midin-5-one (1b). From 50 mg (0.24 mmol) of 4-iso-
propoxipyrimidine 9b, 34 mg (95%) of compound 1b was
obtained as a colorless solid. Mp: 233-234 °C. R; 0.54
(dichloromethane/methanol 6:1). IR (neat): 1658, 1617,
1567 cm ™ '; "H NMR (DMSO-dg): 6 2.09 (s, 3H), 3.69 (t,
2H, J=28.8 Hz), 4.05 (t, 2H, J=28.8 Hz), 5.53 (s, 1H), 7.90
(br, 1H); '>C NMR (DMSO-dg): 6 42.9, 62.1 (2t, 2 CH,),
105.4 (d, CHpysim), 150.1, 160.0, 164.8 (3s, 3 Cpyrim); MS
(ESI) m/z: 152 [M+1]". Anal. Caled for C;HoN;O: C,
55.62; H, 6.00; N, 27.80. Found: C, 55.70; H, 5.77; N, 27.82.

4.4.5. 2-Methyl-6,7,8,9-tetrahydro-pyrimido[1,2-a]pyri-
midin-4-one (1d). From 420 mg (1.87 mmol) of 4-iso-
propoxipyrimidine 9d, 223 mg (73%) of compound 1d was
obtained as a colorless solid. Mp: 204-205 °C. R; 0.71
(dichloromethane/methanol 6:1). IR (neat): 3262, 1661,
1600, 1580 cm ™ '; "H NMR (DMSO-dg): 6 1.98 (t, 2H, J=
5.6 Hz), 2.06 (s, 3H), 3.34 (t, 2H, J=5.4 Hz), 3.86 (t, 2H,
J=5.7Hz), 5.51 (s, 1H), 7.90 (br, 1H); '*C NMR (DMSO-
de): 6 19.5 (t, CH,), 23.4 (q, CH3), 38.3, 38.4 (2t, 2 CH,),
98.0 (d, CHpyrim), 153.0, 161.5, 164.0 (3s, 3 Cpyrim); MS
(ESI) m/z: 166 [M+1]". Anal. Calcd for CgH,;N;0: C,
58.17; H, 6.71; N, 25.44. Found: C, 58.34; H, 6.60; N, 25.66.

4.4.6. 1,7-Dimethyl-2,3-dihydro-1H-imidazo[1,2-a]pyri-
midin-5-one (1g). From 55 mg (2.44 mmol) of 4-iso-
propoxipyrimidine 9g, 39 mg (99%) of compound 1g was
obtained as a colorless solid. Mp: 132-133 °C. R; 0.40
(dichloromethane/methanol 10:1). IR (neat): 1661, 1591,
1567 cm ™~ '; "TH NMR (CDCl5): 6 2.13 (s, 3H), 2.97 (s, 3H),
3.64 (t, 2H, J=8.9 Hz), 4.02 (t, 2H, J=8.9 Hz), 5.60 (s,
1H); >*C NMR (CDCl,): 6 24.7,32.2 (2q, 2 CH3), 40.8, 47.7
(2t, 2 CHy), 102.3 (d, CHpyrim), 157.0, 162.5, 168.8 (3s, 3
Cpyrim); MS (ESI) m/z: 188 [M+23]",166 [M+1]". Anal.

Calcd for CgH N3O: C, 58.17; H, 6.71; N, 25.44. Found: C,
58.27; H, 6.71; N, 25.23.

4.4.7. 5-Methyl-2,3,8,8a-tetrahydro-1H-3a,4,7a-triaza-
cyclopentala]inden-7-one (1h). From 300 mg
(1.19 mmol) of 4-isopropoxipyrimidine 9h, 174 mg (76%)
of compound 1h was obtained as a colorless solid. Mp:
77-78 °C. R; 0.35 (dichloromethane/methanol 10:1).
IR (neat): 1661, 1582, 1536 cm™'; '"H NMR (CDCl5): ¢
1.30-1.50 (m, 1H), 1.85-2.10 (m, 3H), 2.17 (s, 3H),
3.30-3.40 (m, 1H), 3.65-3.75 (m, 1H), 3.90-4.15 (m, 3H),
5.74 (s, 1H); >C NMR (CDCls): 6 24.0 (q, CH3), 25.0,
30.9, 45.6, 47.1 (4t, 4 CH,), 59.1 (d, CH), 103.4 (d,
CHpyrim), 159.0, 161.8, 166.1 (3s, 3 Cpyrim); MS (ESI) m/z:
192 IM+1]1". Anal. Caled for CoH,3N50: C, 62.81; H,
6.85; N, 21.97. Found: C, 63.08; H, 6.96; N, 22.01.

4.5. General procedure for the intramolecular
Mitsunobu cyclization. Synthesis of compounds 1 and 2

Under nitrogen atmosphere, a solution of DEAD (1.1 equiv)
in dry THF (5 mL/mmol) was added dropwise to a solution
of PhsP (1.1 equiv) and the appropriate pyrimidinone 10
(1 equiv) in dry THF (10 mL/mmol) at 0 °C. The resulting
mixture was warmed to room temperature and stirred for
5-8 h until the reaction was completed (TLC monitoring).
The solvent was removed under reduced pressure and the
crude product was purified by flash chromatography (ethyl
acetate/methanol 10:1) to afford compounds 1 and 2.

4.5.1. Intramolecular cyclization of pyrimdinone 10a.
From 197 mg (1.27 mmol) of pyrimidinone 10a, 19 mg
(11%) of compound 1a and 140 mg (80%) of compound 2a
were obtained.

4.5.1.1. 2,3-Dihydro-1H-imidazo[1,2-a]pyrimidin-5-
one (1a). Isolated as a colorless solid. Mp: 151-153 °C. R¢
0.54 (dichloromethane/methanol 6:1). IR (neat): 3216,
1661, 1605, 1530 cm ™ '; '"H NMR (DMSO-dg): 6 3.80 (t,
2H, J=8.9 Hz), 4.27 (t, 2H, J=8.8 Hz), 5.81 (d, 1H, J=
6.8 Hz), 7.10 (br, 1H), 7.55 (d, 1H, J=6.6 Hz); °C NMR
(DMSO-dg): 6 42.8, 59.5 (2t, 2 CH»), 102.7, 155.3 (2d, 2
CHpyrim), 155.7, 162.6 (25, 2 Cpyrim); MS (ESI) m/z: 138
[IM+1]7. Anal. Calcd for CeH,N50: C, 52.55; H, 5.14; N,
30.64. Found: C, 52.36; H, 5.23; N, 30.71.

4.5.1.2. 2,3-Dihydro-1H-imidazo[1,2-a]pyrimidin-7-
one (2a). Isolated as a colorless solid. Mp: 195-196 °C.
R; 0.14 (dichloromethane/methanol 6:1). IR (neat): 3080,
1649, 1604 cm™'; '"H NMR (DMSO-dg): 6 3.67 (t, 2H,
J=85Hz), 4.14 (t, 2H, J=8.6Hz), 557 (d, 1H, J=
7.4Hz), 7.56 (d, 1H, J=7.4Hz), 7.75 (br, 1H); *C
NMR (DMSO-dg): 6 40.2, 46.3 (2t, 2 CH,), 105.1,
138.3 (2d, 2 CHpyrim), 159.2, 171.2 (28, 2 Cpyrim); MS
(ESI) m/z: 160 [M+23]", 138 [M+1]". Anal. Calcd for
C¢H;N;0: C, 52.55; H, 5.14; N, 30.64. Found: C, 52.67;
H, 5.22; N, 30.76.

4.5.2. Intramolecular cyclization of pyrimdinone 10e.
From 130 mg (0.50 mmol) of pyrimidinone 10e, 39 mg (33%)
of compound le and 54 mg (45%) of compound 2e were
obtained.
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4.5.2.1. 2-Benzyl-7-methyl-2,3-dihydro-1H-imidazo-
[1,2-a]pyrimidin-5-one (le). Isolated as a colorless
solid. Mp: 182-183 °C. R; 0.51 (dichloromethane/metha-
nol 3:1). IR (neat): 3128, 1659, 1564 cm ™ '; 'H NMR
(CDCl3): 6 2.10 (s, 3H), 2.90 (m, 2H), 3.50 (br, 2H),
4.15 (m, 1H), 5.48 (s, 1H), 7.30-7.40 (m, 5H), 7.95 (br,
1H); '>C NMR (DMSO-de): 6 19.2 (q, CHs), 45.6, 49.0
(2t, 2 CHp), 50.9, (d, CH), 99.1 (d, CHpysim), 126.9,
128.6, 129.5 (3d, 5 CHguom), 138.1 (s, Caom)> 155.4,
160.1, 163.2 (3s, 3 Cpyrim); MS (FAB™) miz: 242 ((M+
117, 100). Anal. Caled for Ci4sH5N30: C, 69.69; H,
6.27; N, 17.41. Found: C, 69.82; H, 6.12; N, 17.63.

4.5.2.2. 2-Benzyl-5-methyl-2,3-dihydro-1H-imi-
dazo[1,2-a]pyrimidin-7-one (2e). Isolated as a colorless
solid. Mp: 227-228 °C. R; 0.12 (dichloromethane/methanol
3:1). IR (neat): 3104, 1673, 1620, 1552cm™'; 'H NMR
(CDCls): 6 2.03 (s, 3H), 2.97 (dd, 1H, J=13.8 Hz, J'=
8.2 Hz),3.35(dd, 1H,J=13.7 Hz, J'=4.4 Hz),3.71 (dd, 1H,
J=10.1Hz, J/=6.4Hz), 399 (dd, 1H, /J=10.1Hz, J =
9.4 Hz), 4.50 (m, 1H), 5.51 (s, 1H), 7.25-7.35 (m, 5H), 9.50
(br, 1H); *C NMR (DMSO-de): 6 17.4 (q, CH3),41.0,48.9 (2t,
2 CH,), 53.0, (d, CH), 103.7 (d, CHpyrim), 127.1, 128.9, 129.8
(3d, 5 CH,om), 137.0 (s, Carom), 148.1, 158.9, 171.9 (3s, 3
Cpyrim); MS (FAB™) m/z: 242 (IM+1]", 100). Anal. Calcd
for C14H5N50: C, 69.69; H, 6.27; N, 17.41. Found: C, 69.84;
H, 6.24; N, 17.54.

4.5.3. Intramolecular cyclization of pyrimdinone 10d.
From 350 mg (1.91 mmol) of pyrimidinone 10d, 73 mg (25%)
of 1d and 187 mg (66%) of 2d were obtained. The
spectroscopic features of 1d was identical to those reported
above.

4.5.3.1. Spectroscopic data for 4-methyl-6,7,8,9-tetra-
hydro-pyrimido[1,2-a]pyrimidin-2-one (2d). Isolated as a
colorless solid. Mp: >300 °C. R; 0.10 (dichloromethane/
methanol 10:1). IR (neat): 3099, 1668, 1618, 1555 cm ™ '; 'H
NMR (DMSO-dg): 6 2.05 (m, 2H), 2.22 (s, 3H), 3.32 (t, 2H,
J=5.6 Hz), 3.88 (t, 2H, J=5.8 Hz), 5.55 (s, 1H), 7.90 (br,
1H); '*C NMR (DMSO-dy): 6 18.1 (q, CH3), 20.3, 38.0, 43.0
(t, CHy), 106.2 (d, CHpgrim), 149.5, 153.5, 169.2 (s, Cpyrim);
MS (ESI) m/z: 166 [M+1]". Anal. Caled for CgH;N;0: C,
52.55; H, 5.14; N, 30.64. Found: C, 52.74; H, 5.35; N, 30.41.

4.5.4. Intramolecular cyclization of pyrimdinone 10c.
From 182 mg (1.08 mmol) of pyrimidinone 10c¢, 36 mg
(22%) of 1c and 119 mg (73%) of 2¢ were obtained.

4.54.1. 6,7,8,9-Tetrahydro-pyrimido[1,2-a]pyri-
midin-4-one (1c). Isolated as a colorless solid. Mp:
178-179 °C. R 0.60 (dichloromethane/methanol 3:1). IR
(neat): 3219, 1660, 1603, 1555 cm™'; 'H NMR (DMSO-
de): 0 1.99 (m, 2H), 3.36 (t, 2H, J=5.7 Hz), 3.90 (t, 2H, J=
5.9 Hz), 5.62 (d, 1H, J=6.2 Hz), 7.59 (d, 1H, J=6.2 Hz),
7.95 (br, 1H, NH); '3C NMR (DMSO-d): 6 19.3, 38.3, 38.6
(3t, 3 CHy), 99.9 (d, CHpyrim), 154.1 (s, Cpyrim), 154.6 (d,
CHpyrim), 161.3 (s, Cpyrim); MS (ESI) m/z: 152 M+171T.
Anal. Calcd for C;HoN;O: C, 55.62; H, 6.00; N, 27.80.
Found: C, 55.49; H, 6.22; N, 27.86.

4.54.2. 6,7,8,9-Tetrahydro-pyrimido[1,2-a]pyri-
midin-2-one (2c). Isolated as a colorless solid. Mp:

235-236 °C. R; 0.22 (dichloromethane/methanol 3:1). IR
(neat): 3170, 1673, 1621, 1553 cm™'; '"H NMR (DMSO-
dg): 62.01 (m, 2H), 3.34 (t,2H, J=5.3 Hz), 3.88 (t, 2H, J=
5.3 Hz), 5.60 (d, 1H, J=7.4 Hz), 7.36 (d, 1H, J=7.4 Hz),
8.10 (br, 1H); '*C NMR (DMSO-dy): 6 20.0, 37.8, 47.5 (3t,
3 CHy), 106.2, 142.3 (2d, 2 CHyyrim), 152.8, 169.8 (2s, 2
Cpyrim); MS (ESI) m/z: 174 [M+23]1", 152 [M+1]7. Anal.
Calcd for CtHoN;O: C, 55.62; H, 6.00; N, 27.80. Found: C,
55.45; H, 6.03; N, 27.75.

4.5.5. Intramolecular cyclization of pyrimdinone 10g.
From 230 mg (1.26 mmol) of pyrimidinone 10g, 197 mg
(96%) of 1g was obtained. The spectroscopic features of this
product were identical to those reported above.

4.6. X-ray crystallographic details

4.6.1. Compound 1h. C;oH;3N30-3H,0, M,=245.28,
trigonal, space group P3;, a=10.1853)A, c=
10.217(6) A, V=917.9(7) A%, Z=3, D,=1.331 gcm ?,
T=—173°C, crystal dimensions: 0.01X0.05X0.30 mm,
BRUKER SMART APEX-CCD area-detector
diffractometer, Mo K« radiation, A=0.71073 A, u=
0.103 mm 1, Omax =28°, 13947 measured reflections,
1489 symmetry-independent reflections, 1459 reflections
with I>2a (1), refinement on F* with SHELXL-97, 173
parameters, 1 restraint, R(F) [/>2c(]) reflections] =0.043,
wR(Fz)a [all reflections]=0.101, S(F?)=1.144, Apyax=
0.40 e A~>. The asymmetric unit contains one molecule of
1h plus three molecules of water. The enantiomer used in
the refinement model was chosen arbitrarily.

4.6.2. Compound 2e. 2C14H15N30' 3H20, Mr: 053663,
monoclinic, space group P2y, a=11.6063(2) A, b=
10.0751(2) A, ¢=12.4411(2) A, =108.5550(7)°, V=
1319.17(4) A>, Z=2, D,=1292gcem >, T=—113°C,
crystal dimensions: 0.15X0.25X0.27 mm, Nonius Kap-
paCCD agea—detector diffractometer, Mo K« radiation, A=
0.71073 A, ©=0.0905 mm ", f,,,, =30°, 36998 measured
reflections, 4254 symmetry-independent reflections,
3502 reflections with I>2a(l), refinement on F> with
SHELXL-97, 387 parameters, 1 restraint, R(F) [I>20(])
reflections] =0.038, wR(Fz) [all reflections]=0.092,
S(F)=1.037, Apmax=0.15¢ A73. The asymmetric unit
contains two molecules of 2e plus three molecules of water.
The chosen enantiomer was based on the assumption that
the chiral centre in the molecule has the S-configuration as a
result of the known configuration of the reagents used in the
reaction.
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