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Three-component heterocyclizations of pyruvic aeidd their esters with &minopyrazoles ai
aromatic aldehydes, in addition to the sequentibions of these reactionsnder differer
activating conditions were studied. Under convergldheatingpyrazolopyrimidine derivative
containing a hydroxyl group in the 6-position wéoemed in both two- and thremsmponer
treatments. Whereabe application of an inert atmosphere did notuiefice the outcome
these reactions, the use of ultrasonic irradiatled to the formation of 7-hydroxy-
tetrahydropyrazolopyrimidines
dihydropyrazolopyrimidines in the case of a stepst®p approach. The productstbé latte
treatment were further transformed into heteroataed 6-hydroxy-pyrazolopyriidines by
conventional heating.

in multi-component acgons and 6-hydroxy-
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1. Introduction

The reactions of pyruvic acid derivatives have based for
the synthesis of various heterocyclic compoundscesithe
beginning of the twentieth century. Among these psses, the
most thoroughly studied were those dealing with biiheye-
and acetylpyruvic acids'® A series of our previous publications
was also devoted to two- and multicomponent react{GRs)
involving pyruvic acids and different aminoazolesich as 5-
amino-1,2,4-triazole®?®  5-aminotetrazolé’®  5-amino-3-
methylisoxazolé; 5-aminopyrazold$'®® and tuning the
selectivity of these heterocyclizatioh¥:***

Interest in the mechanism and outcome of thesetioeac
arose due to the proven biological activity of tlieal
productd"**?®and their multi-vector charact&f* In particular,
in the case of pyruvic acid heterocyclizations wittiferent
aminopyrazoles, the approach based on the applicatispecific
catalytic systems and non-classical activation oesh
(microwave and ultrasonic irradiation), gave the apmity to
develop selective synthetic procedures to affondoua classes
of  heterocyclic ~ compound$*®*®?  For instance,
pyrazolopyridine acids|V were formed when 3-aryl-5-
aminopyrazole was used as a reagent in the MCRsangtiatic
aldehydesIl and pyruvic acidlll (Scheme 1. However,
applying benzylidenepyruvic acid and its substiutkerivatives
V and 3-aryl-5-aminopyrazole in two-component readio

resulted in a mixture of dihydropyrazolopyrimidindd and

dihydopyrazolopyridines  VII and heteroaromatic
pyrazolopyridines VIII  (Scheme 1). Application of
ultrasonication in a two-component reaction yielded

dihydropyrazolopyrimidined/| selectively (Scheme 1)On the
other hand, the introduction of a carboxamide stusstt in the
4-position of 5-aminopyrazole led to exclusivelyripyidine
acids1X both in two-component and three-component reactions
with pyruvic acid derivatives (Scheme 1).
TetrahydropyrazolopyrimidineX were formed when ultrasonic
irradiation was applied in a three-component reactid 5-
amino-4-ethyl-3(4'-fluorophenyl)pyrazole, pyruviccid, and
aromatic aldehydes (Scheme™).

It should be noted that using alkyl pyruvates aatisig
reagents in the three-component reaction with Sulbesd
aminopyrazole$ (R* = H), and aldehydes led to the formation
of a set of reaction products which were similar tee t
compounds isolated from the MCRs involving pyrua@d with
aminoazoles and aromatic aldehy&s®

The sequential and multicomponent reactions of atmm
anilines with pyruvic acid basefly-unsaturated ester or with
pyruvates and aromatic aldehydes yielding 2- oulgsstuted
quinolines and pyrrol-2-ones have been studied.f@hmation of
different reaction products was described dependimgvhether
the reaction is sequential or a multicomponent, andspecific
reaction conditiond?®
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Scheme 1. Some sequential and multicomponent reactions ifvglpyruvic acids and different 5-aminopyrazoles.

2. Results and discussion

The present paper is devoted to the study of semifes of
MCRs between 3-aryl-4-alkyl-substituted 5-aminopygtag,
aromatic aldehydes, and alkyl pyruvates as well &sthe
sequential version of these treatments under cdiovexh heating
and ultrasonication.

In particular, it was established that the threejoonent
reaction of an equimolar mixture of 5-aminopyrazola-c,
aromatic aldehyde®a-e, and pyruvic acid ester8ab under
conventional heating at reflux in acetic acid fdnaurs led to the
formation of a pyrimidine ring followed by an oxiiee
heteroaromatization process which finally gave aBejlydroxy-
2,7-diphenylpyrazolo[1,3pyrimidine-5-carboxylates  4a-s,
(Scheme 2, Table 1, Method A). It is worth notingttthe same
treatment under an inert atmosphere also yieldathoandsla-s
while neither dihydropyrazolopyrimidine nor the caoopd
without a hydroxyl-group were observed. This expentakfact
shows that the oxidation occurs irrespective of ghesence of
oxygen in the reaction mixture and may be connewattid more
complex processes such as disproportiondtforindeed, the
yields of pyrimidine derivatives were always lowearth50%,
both under atmospheric and inert conditions.

On the other hand, MCR of the same reagéats, 2a-e and
3a,b under ultrasonication in acetic acid at room terapge for
6 hours redirected the reaction towards the formatioalkyl 7-
hydroxy-4,5,6,7-tetrahydropyrazolo[1efpyrimidine-7-
carboxylates 5a-e (Scheme 2, Table 1). Replacement of
ultrasonication by mechanical stirring at room tengpure
allowed us to obtain compoun8s-e in a much longer reaction
time (20 h) and with lower yields and purity (TLC ahMR
control). It is believed, that the cavitation etfend the specific
influence of ultrasonication on the mass transfiehamce the
reaction and its overall efficiendy>’Compounds 5 were
transformed into substancdsupon boiling in acetic acid for 9
hours. The same transformations for similar compsurad been
described in our previous publicatiof{g®*®

In our previous work it was found that three-component
reactions of 5-amino-3-methylpyrazole or 5-amino-3-
arylpyrazole (R = H) with aromatic aldehydes and ethyl
pyruvate under conventional heating at reflux alwiegsto the
formation of heteroaromatized pyrazolopyridines witio
hydroxy-group in the pyridine ring (e.g. compound, Scheme
1).
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Scheme 2. Multicomponent reactions of 5-aminopyrazolesc, aldehyde®a-e, and alkyl pyruvate8a,b.

Table 1. Three-component reactions of 5-aminopyrazabes, aldehyde®a-e, and alkyl pyruvate8a,b (See Scheme 2).

Building block
Product
Aminoazole Aldehyde Pyruvic Acid Esters
R R? N R N Alk N \E{,fo')d
la CeHs CHs 2a 4-CH;0-CgH4 3a CHs 4a 23
1b 4-F-CH, CHs 2a 4-CH;0-CgH4 3a CHs 4b 32
1c 4-CHy-CeH, CH;, 2a 4-CH,0-CeH, 3a CHs 4c 17
la CeHs CHs 2b CeHs 3a CHs 4d 18
la CeHs CHs 2c 4-F-CH, 3a CoHs de 27
la CeHs C,Hs 2d 4-Cl-CgH,4 3a CHs 4f 24
la CeHs CHs 2e 4-COOCH-CgH, 3a C,Hs 4q 17
1b 4-F-CH, CHs 2b CeHs 3a CHs 4h 23
1b 4-F-CH, CHs 2c 4-F-CH, 3a CHs 4 27
1b 4-F-CiH, CHs 2d 4-CI-CgH, 3a CoHs 4 29
1b 4-F-CH, CHs 2e 4-COOCH-C¢H, 3a C,Hs 4k 18
1b 4-F-CH, CHs 2c 4-F-CiH, 3b i-C3H, 4 19
1b 4-F-CH, CHs 2d 4-Cl-CgH, 3b i-C3H; 4m 17
1c 4-CHy-CgH, CH; 2b CeHs 3a CoHs 4n 22
1c 4-CH;-CgH,4 CH; 2c 4-F-CH, 3a CHs 40 21
1c 4-CH;-CgH, CH; 2d 4-Cl-CgH, 3a C,Hs ap 25
1c 4-CH;-CgH, CH; 2e 4-COOCH-CgH, 3a C,Hs 4q 18
1c 4-CH;-CgH, CH; 2a 4-CH;0-CgH, 3b i-CsH- 4 18
1c 4-CH;-CgH, CH; 2d 4-Cl-CgH, 3b i-CsH- 4s 19
la CeHs CHs 2a 4-CH;0-CgH4 3a CHs 5a 50
la CeHs C,Hs 2b CeHs 3a CoHs 5b 50
la CeHs C,Hs 2c 4-F-CH, 3a CHs 5¢c 52
la CeHs C,Hs 2d 4-Cl-CgH, 3a CoHs 5d 50
la CeHs C,Hs 2e 4-COOCH-CgH, 3a C,Hs 5e 49
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To identify the cause of the low yields of produdiss the 0

corresponding mother liquors were examined Y NMR o /@AH

spectroscopy and it was determined that the reactddation *

contained unreacted aromatic aldehyde and an adalti " O Kom,

compound which was identified as a diacylation producThe lMeOH OMe

structure of compoun® was proven by counter synthesis. To

avoid the formation of the unwanted side-prod@ctdifferent

reaction conditions were tested with applicationefesal protic

and aprotic solvents containing acid and baseystahs well as AcCl R Ao
C

microwave irradiation. However, all of these effortgevim vain. EtOH I
4a-c
4{ TACOH A,2h

/

It should be noted that heterocyclization reactit@asling to

R’ 2
the formation of 6-hydroxy-containing azoloazines rave /}{
discussed only in a few publicatidfi§’and never for MCRs. For N
H
13

Method C
4 OMe
?/, /‘/

X NH, *
L** described the two-component treatment MeO »
N4

instance, Desenket al
of 5-amino-3-methylpyrazoler) with a,f-unsaturated keton& 1a-c
the reagents were heated in DMF under an argon ahamspnd

a mixture of four products, 10, 11, 12 was formed (Scheme 3). R1@ ) OHO;“,,C
>_)\ gz DMF, argon am., & H3C4<N/’\J1\)Pg\ R214a2 °
N Ph
I | = | Schem_e 4. The sequential reacti_on of 5-aminopyrazdas
with ethyl p-methoxybenzylidenepyruvafés3).

Ph Ph

MNTS » N ) N)\/L Table 2. The two-component reactions of 5-aminopyrazdkes
HsC 4— HsC —/§L> HiC
’ VN/ ’ J\/J\ J\/J\ with ethyl p-methoxybenzylidenepyruva{&3) (See Scheme 4).

12 10 " Aminoazole Activation method
Heating Ultrasonication
Scheme 3. The two-component reaction of 5-amino-3- X ) Y'oe|d Yield
methylpyrazole 7) with a,8-unsaturated ketorg:* N R R N % N (%)
Compound9 was obtained under an inert atmosphere and it$a  C,H- CHs da 31 75 14a 42

reaction with oxygen led to formation of substari€e while
further oxidation led to produd2. Attempts at the dehydration b 4-FGH, CHs 4b 37 64 14b+4b 49
of compoundlO in different solvents (DMF, alcohols with HCI, ¢ 4.cH,CH, CHs Ac 28 72 1ldc+4c 41
KOH, ZnCl, or p-TsOH) were unsuccessful.

Therefore, the next step of the study was to apgkcuential

reaction instead of the three-component one. Teali pathway o
included the two-step synthesis gf-unsaturated ketoestdg 3 Structureelucidation
starting from 4-methoxybenzaldehy@a and pyruvic acidll,
followed by reaction with ethanol and acetyl chlortd& Further
reactions of 3-aryl-4-alkylsubstituted 5-aminopyi@s la-c with
the ethyl ester op-methoxybenzylidenepyruvic aciti3 under
conventional heating gave pyrazolopyrimidine casthioxacid
estersda-c (Scheme 4, Method B), which were identical to the For instance, the'H NMR spectra of 6-hydroxy-
compounds isolated from the MCR of 5-aminopyrazdla<, pyrazolopyrimidinesda-s exhibited a broad singlet for the OH-
aromatic aldehyde2a-e, and pyruvic acid este@a,b (Scheme group at 9.8-10.2 ppm, peaks of aromatic proton§.2i8.45
2). The yields were rather low (28-37%) as in theecakthe ppm and signals corresponding to the alkyl sutestituHowever,
MCR (Table 2). Application of an inert atmospheredhao  this spectral data is not enough to establish tnectsire of
influence on the outcome of the reaction, as wasdt@bove for compoundsta-s and to identify one of two possible isoméik
the MCR. andXIl (Fig. 1).

On the other hand, carrying out the same treatmademn
ultrasonic irradiation for 2 hours at room temperatinstead of
compounds (Scheme 2), led to other heterocyclic compounds
ethyl 6-hydroxy-7-(4-methoxyphenyl)-3-alkyl-2-ar§|7- ) Rid
dihydropyrazolo[1,5]pyrimidine-5-carboxylated4a-c which in R S/J\ OAIK ﬁ/k
cases of aminoazoldd,c were accompanied by small amounts
of the heterocycledb,c (Scheme 4, Table 2). All attempts to
separate these mixtures by crystallization were eoessful and

only heteroaromatized pyrimidindswere isolated. It should be Fig. 1. Alterna_tiv_e_ structures XIand XII for 6-
noted that compount#a and a mixture of pyrimidineab,c and ~ hyrdoxypyrazolopyrimidinega-s.

4b,c were transformed into individual substancésc upon Therefore, the structure of compourdiss was additionally
boiling in acetic acid for 2 hours open to the(Method C). proven by an X-ray analysis of compouti(Fig. 2).

Purity and structures of the synthesized compoundge
established by elemental analysis, mass-spectrpmitand**C
NMR spectroscopy, and by X-ray diffraction study (see
Experimental part).

Oy -OAlk
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Fig. 2. Molecular structure of ethyl 7-(4-fluorophenyl)-6-
hydroxy-3-methyl-24¢-tolyl)-pyrazolo[1,5a]pyrimidine-5-
carboxylate 40) according to X-ray diffraction analysis.

The 'H NMR spectra of ethyl carboxylat&m-e exhibited a

compounds 4 were isolated from the reaction of 5-
aminopyrazoled with p-methoxybenzylidenepyruvic acid ethyl
ester (L3).

5. Experimental section
5.1.General experimental details

The startingp,y-unsaturated ketoestdB** 3,4-substituted
5-aminopyrazolesla-c** and isopropyl 2-oxopropanoat8bj*
were synthesized according to the known literaturehous.
Ethyl 2-oxopropanoate3é) is commercially available.

Melting points of all the compounds synthesized were
determined with a Kofler melting point apparatus aa
uncorrected. The NMR spectra were recorded in DMig@nd
CDCl; at 400 MHz with a Varian MR-400 spectrometer, at 400

multiplet for the CH-group at ca. 1.95-2.38 ppm, a broad signalMHz (100 MHz for**C) and at 600 MHz (150 MHz f3fC) with

for the NH-group at 7.21-7.30 ppm, a broad singfethe OH-
group at 6.40-6.60 ppm, a multiplet for the CH-grai position

5 at 4.46-4.76 ppm and a multiplet of aromatic @nstat 6.88-
8.07. The spectra also contained signals of arl esitgr group as
well as a quartet of the GHyjroup at 4.05-4.26 and a triplet of the
methyl group at 1.16-1.17 ppm and signals for ttieioterminal
substituents.  The  spectral data obtained for
pyrazolopyrimidines5 may also correspond to two possible
isomersXIll and XIV (Fig. 3). Additional NOE experiments,
confirming the spatial closeness of the CH-protompasition 5
with the pyrimidine NH-group, allowed us to excludeusture
XIV. Also, the structure of compounds-e was additionally
confirmed from the'H NMR spectra by their comparison with
literature data for similar pyrimidinés?

3

O. OAIlk R
OH N
Ne -
R N R~ N OH
= 3 — N OAlk
N R
R2 H RZ H g

X XV

Fig. 3. Alternative structureXII1 andXIV for pyrimidinesb.

The'H-NMR spectra of pyrimidine$4a-c exhibited a doublet
for the OH-group at 6.61 ppnd 4.6 Hz), doubletJ 1.1 Hz) for
the CH group at 5.57, a doublet of doublgt5.@, 1.1 Hz) for the
CH group at 4.79, and peaks for aromatic protonsratd.64-
7.75 ppm. For ethyl esters of compourids the quartet of the
CH,-group was around 4.10-4.41 and triplet of the meghgup
was at 1.26 ppm. Therefore spectral data confirhedstructure
of compounds 14 as 6-hydroxy-6,7-dihydropyrazolo[1,5-
a]pyrimidines.

4. Conclusion

In summary, the multicomponent and sequential ieast
involving 3-aryl-4-alkylsubstituted 5-aminopyrazejearomatic
aldehydes ang-methoxybenzylidenepyruvic esters or pyruvic
acid esters were studied. Multicomponent heterozgtibn of
pyrazolesl and aromatic aldehydé@swith ethyl pyruvate under
ultrasonication in contrast to two-component readigvolving
Sy-unsaturated ketoester3 proceeded with the formation of
tetrahydropyrimidine  ring  (compounds5) instead of
dihydropyrimidines 14. On the other hand, MCRs under
conventional heating at reflux yielded ethyl 6-hyxif-2,7-
diphenylpyrazolo[1,%]pyrimidine-5-carboxylates4 containing
an OH-group in the 6-position of heterocycle. Themaa

a Bruker Avance DRX600. The mass spectra were measarad
GS-MS Varian 1200L (direct input of sample, ionizingltage

70 eV) instrument. Elemental analysis was performea é&uro

Vector EA-3000.

Ultrasonication was performed using the standard UB-ba

hdSELDI, Ukraine) with a working frequency of 44.2 kHz.

icrowave experiments were carried out using the BHiry
Creator EXP synthesizer from Biotage AB (Uppsala, Swede
possessing a single-mode microwave cavity produoimgrolled
irradiation at 2.45 MHz. Experiments were carried iousealed
microwave process vials utilizing the high absorlealevel. The
reaction time reflects irradiation times at the gefction
temperature (fixed hold times).

5.2.General procedure for the synthesis of alkyl 6-hywd,7-
diphenylpyrazolo[1,5-a]pyrimidine-5-carboxylatés

(Method A) A mixture of appropriate 3-aryl-4-alkyl-
substituted 5-aminopyrazofe(0.54 mmol), aromatic aldehyd
(0.54 mmol) and alkyl pyruvatg (0.54 mmol) in 2 mL of acetic
acid was heated at reflux under argon atmospher& foours.
The mixture was allowed to stand until a precipifatened. The
precipitate was then filtered off and dried in vacuo

(Method B) A mixture of the appropriate 5-aminopwiaezl
(0.54 mmol) and the ethyEj-4-(4-methoxyphenyl)-2-oxobut-3-
enoate 13) (0.12 g, 0.54 mmol) in 2 mL of acetic acid was
heated at reflux for 4 h. After cooling, the pretage was filtered
off and vacuum dried.

(Method C) Compoundl4 was heated at reflux for 2 h in 2
mL of acetic acid. After cooling, the precipitate watered off
and vacuum dried.

5.2.1.Ethyl 3-ethyl-6-hydroxy-7-(4-methoxyphenyl)-2-
phenylpyrazolo[1,5-a]pyrimidine-5-carboxylatéa)

Yellow solid (0.05 g, 23%), m.p. 149-150 °C; [Four(,;
68.91; H, 5.61; N, 10.18. 8,330, requires C, 69.05; H, 5.55;
N, 10.07%] &, (400 MHz, CDC})) 10.32 (s, 1H, OH), 7.02-8.16
(m, 9, Ar), 4.62 (q,J 7.1 Hz, 2H,0CH,CHs), 3.92 (s, 3H,
OCH;y), 3.14 (g,J 7.5 Hz, 2H, CHCH;y), 1.56 (t,J 7.1 Hz, 3H,
OCH,CH,), 1.37 (t,J 7.5 Hz, 3H, CHCH,); oc (150 MHz,
CDCl;) 169.0, 160.9, 153.7, 143.6, 141.3, 134.0, 13234,.7,
128.5, 131.0, 128.4, 128.2, 119.3, 113.5, 112.01,6&5.4, 16.7,
14.9, 14.2; MS (El, 70 eV), m/z (%): 418 (26.8), 4(©R.9)
[M+], 356 (25.9), 314 (25.4).

5.2.2.Ethyl 3-ethyl-2-(4-fluorophenyl)-6-hydroxy-7-(4-
methoxyphenyl)pyrazolo[1,5-a]pyrimidine-5-carboxylé&tb)
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Yellow solid (0.08 g, 32%), m.p. 193-194 °C; [Fourt;

65.86; H, 5.15; N, 10.05.H,,FN:O, requires C, 66.2; H, 5.09;
N, 9.65%] &, (400 MHz, DMSO€dg) 10.05 (s, 1H, OH), 7.00-

7.90 (m, 81, Ar), 4.44 (q,J 7.2 Hz, 2H,0CH,CHy), 3.81 (s, 3H,
OCHy), 2.96 (9, 7.5 Hz, 2H,CH,CH,), 1.37 (t,J 7.0 Hz, 3H,
OCH,CHy), 1.21 (t,J 7.5 Hz, 3H, CHCHs); & (150 MHz,

(m, 9, Ar), 4.46 (q,J 7.2 Hz, 2H,0CH,CH,), 3.89 (s, 3H,
OCHy), 2.98 (q,d 7.4 Hz, 2H,CH,CH,), 1.37 (t,J 7.1 Hz, 3H,
OCH,CHs), 1.22 (t,J 7.4 Hz, 3H, CHCHs); &: (150 MHz,
CDCly) 166.0, 165.9, 152.3, 142.7, 138.8, 138.7, 13332.2,
131.6, 131.1, 130.7, 128.8, 128.4, 127.9, 110.64,682.4, 16.0,
14.9, 14.1; MS (El, 70 eV), m/z (%): 445 (88.2) [M+30

CDCly) 166.7, 162.6 (dJcr 245.7 Hz), 160.9, 151.8, 143.3, (39.5), 399 (45.6), 342 (99.9).

141.7, 138.6, 138.5, 133.5, 132.7, 130.4)d; 8.4 Hz), 119.6,

116.1 (dJc.r 21.5 Hz), 114.0, 110.5, 62.7, 55.8, 16.4, 15.3,;14.5

MS (El, 70 eV), m/z (%): 435 (99.9) [M+], 388 (92.7332
(86.2).
5.2.3.Ethyl 6-hydroxy-7-(4-methoxyphenyl)-3-methyl-2-(p-
tolyl)pyrazolo[1,5-a]pyrimidine-5-carboxylatel€)

Yellow solid (0.04 g, 17%), m.p. 179-180 °QFound: C,

5.2.8. Ethyl 3-ethyl-2-(4-fluorophenyl)-6-hydroxy-7-
phenylpyrazolo[1,5-a]pyrimidine-5-carboxylatéh)

Yellow solid (0.05 g, 23%), m.p. 168-169 °C; [Fourd;
68.03; H, 5.17; N, 10.47. jH,0FN;O3 requires C, 68.14; H,
4.97; N, 10.36%)]0y (400 MHz, DMSOQOdg) 9.99 (s, 1H, OH),
7.22-7.89 (m, H, Ar), 4.44 (qJ 7.2 Hz, 2H,0CH,CH), 2.95 (q,
J7.4 Hz, 2H,CH,CHy), 1.36 (t,J 7.1 Hz, 3H,0CH,CHj), 1.21 (t,

68.92; H, 5.68; N, 10.17.H,3:N;0, requires C, 69.05; H, 5.55; J 7.3 Hz, 3H, CHCH,); &: (150 MHz, CDC}) 168.9, 162.9 (d,

N, 10.07%];8, (400 MHz, DMSO#ds) 10.06 (s, 1H, OH), 6.86-

8.45 (m, 81, Ar), 4.45 (q,J 7.2 Hz, 2H,0CH,CHy), 3.85 (s, 3H,
OCHy), 2.47 (s, 3H, Ch), 2.33 (s, 3H, CH3), 1.38 (8, 7.1 Hz,

3H, OCH,CHy); &: (150 MHz, CDC}) 168.9, 160.9, 154.0,

144.0, 1412, 138.1, 131.7, 130.9, 128.6, 127.38.712121.0,
119.3, 111.1, 105.1, 63.2, 55.4, 21.3, 14.1, M&;(El, 70 eV),
miz (%): 417 (99.9) [M+], 370 (86.7).

5.2.4.Ethyl 3-ethyl-6-hydroxy-2,7-diphenylpyrazolo[1,5-
a]pyrimidine-5-carboxylate4d)
Yellow solid (0.04 g, 18%), m.p. 141-142 °C; [Four@;

72.21; H, 6.10; N, 11.38..4H,,N3;0; requires C, 71.3; H, 5.46;
N, 10.85%];d, (400 MHz, DMSOsdg) 9.99 (s, 1H, OH), 7.20-8.0

(m, 104, Ar), 4.45 (g,J 7.0 Hz, 2H,0CH,CHs), 2.97 (q,J 7.7
Hz, 2H,CH,CH;), 1.37 (t,J 7.1 Hz, 3HOCH,CHy), 1.22 (t,J 7.4

Hz, 3H, CHCHz); &c (150 MHz, CDC}) 168.9, 153.8, 143.5,

141.4, 140.8, 136.6, 133.7, 131.6, 131.1, 128.4.9,2123.7,
112.4, 112.2, 109.2, 63.1, 16.6, 14.9, 14.1; MS TBleV),m/z
(%): 387 (58.7) [M], 372 (56.1), 341 (99.9), 284 (58.8).

5.2.5.Ethyl 3-ethyl-7-(4-fluorophenyl)-6-hydroxy-2-
phenylpyrazolo[1,5-a]pyrimidine-5-carboxylatée]

Yellow solid (0.06 g, 27%), m.p. 152-153 °C; [Four@;
68.08; H, 5.08; N, 10.40. /gH,0FN;O; requires C, 68.14; H,
4.97; N, 10.36%]0y (400 MHz, DMSOsdg) 9.83 (s, 1H, OH),
7.17-8.19 (m, B, Ar), 4.45 (qJ 7.1 Hz, 2H,0CH,CH), 2.97 (q,
J7.5 Hz, 2H,CH,CHjy), 1.37 (tJ 7.1 Hz, 3H,OCH,CH,), 1.22 (t,
J 7.9 Hz, 3H, CHCH,); & (150 MHz, CDC}) 168.5, 162.7 (d,
Jer 159.2 Hz), 153.5, 147.0, 144.3, 143.1, 141.0, 13B32,6,
132.5, 130.7, 130.2, 128.0 (@ 34.5 Hz), 114.9 (dJc.r 21.8
Hz), 112.0, 62.8, 16.3, 14.5, 13.8; MS (El, 70 eV)z (#6): 405
(40.2) [M+], 390 (40.8), 359 (99.9), 302 (88.6).

5.2.6.Ethyl 7-(4-chlorophenyl)-3-ethyl-6-hydroxy-2-
phenylpyrazolo[1,5-a]pyrimidine-5-carboxylatéf)

Yellow solid (0.06 g, 24%), m.p. 157-158 °C; [Four@;
65.39; H, 4.86; N, 10.04. &1,,CIN;O; requires C, 65.48; H,
4.78; N, 9.96%];0y (400 MHz, DMSOQsd¢) 10.35 (s, 1H, OH),
7.25-8.11 (m, B, Ar), 4.45 (q,J 7.0 Hz, 2H,0CH,CH), 2.97 (q,
J7.4 Hz, 2H,CH,CHj3), 1.37 (tJ 7.1 Hz, 3H,0CH,CH>), 1.22 (t,
J 7.5 Hz, 3H, CHCH,); &: (150 MHz, CDC}) 168.8, 153.8,
143.5, 141.4, 136.1, 133.6, 132.7, 131.5, 131.1.313128.8,
127.8, 125.5, 125.3, 112.4, 63.1, 16.6, 14.8, 1M$; (El, 70
eV), m/z (%): 423 (47.2), 422 (34), 421 (99.9) [M3EO0 (38.7),
332 (31.0).

5.2.7.Ethyl 3-ethyl-6-hydroxy-7-(4-(methoxycarbonyl)phgryl
phenylpyrazolo[1,5-a]pyrimidine-5-carboxylatég)
Yellow solid (0.04 g, 17%), m.p. 168-169 °C; [Four@;

67.31; H, 5.34; N, 9.53. £H,3N:Os requires C, 67.41; H, 5.2; N,
9.43%] o, (400 MHz, DMSO€g) 9.96 (s, 1H, OH), 6.69-8.48

Jor 247.8 Hz), 152.9, 143.5, 141.5, 131.7, 131.3, 13036,3,
130.0 (d,Jcr 8.2 Hz), 129.9, 128.1, 127.1, 115.5 (&, 21.5
Hz), 111.9, 63.2, 16.6, 14.8, 14.2; MS (El, 70 eV)z (#b): 406
(30.3), 405 (99.9) [M+], 344 (26.5).

5.2.9.Ethyl 3-ethyl-2,7-bis(4-fluorophenyl)-6-
hydroxypyrazolo[1,5-a]pyrimidine-5-carboxylatdi)

Yellow solid (0.06 g, 27%), m.p. 187-188 °C; [Four@;
65.09; H, 4.67; N, 10.07. /8H;0FN3O3 requires C, 65.24; H,
4.52; N, 9.92%];0y (400 MHz, DMSOQsd¢) 10.03 (s, 1H, OH),
7.21-7.99 (m, B, Ar), 4.45 (qJ 7.2 Hz, 2H,0CH,CH3), 2.95 (q,
J7.3 Hz, 2H,CH,CHj), 1.36 (t,J 7.1 Hz, 3H,0CH,CH), 1.20 (t,
J 7.4 Hz, 3H, CHCH,); & (150 MHz, CDC}) 168.8, 163.5 (d,
Jer 251.7 Hz), 162.8 (dJc.r 247.7 Hz), 152.9, 143.5, 141.5,
132.9 (d,Jc.r 8.5 Hz), 131.3, 130.6, 130.0 (@.- 8.2 Hz), 129.8,
123.1, 115.6 (dJ)cr 21.6 Hz), 115.3 (dJcr 21.8 Hz), 112.1,
63.2, 16.6, 14.8, 14.1; MS (EI, 70 eV), m/z (%): 424.7), 423
(99.9) [M+], 362 (20.2).

5.2.10.Ethyl 7-(4-chlorophenyl)-3-ethyl-2-(4-fluorophengh
hydroxypyrazolo[1,5-a]pyrimidine-5-carboxylatd

Yellow solid (0.07 g, 29%), m.p. 239-240 °C; [Four@;
62.62; H, 4.47; N, 9.69. &H,4CIFN;O; requires C, 62.8; H,
4.35; N, 9.55%];04 (400 MHz, DMSOsd;) 9.95 (s, 1H, OH),
7.16-7.96 (m, B, Ar), 4.44 (qJ 7.0 Hz, 2H,0CH,CHj), 2.95 (q,
J7.2 Hz, 2H,CH,CHj), 1.36 (t,J 7.2 Hz, 3H,0CH,CH), 1.20 (t,
J 7.2 Hz, 3H, CHCH,); & (150 MHz, CDC}) 168.8, 162.9 (d,
Jor 248.2 Hz), 152.9, 143.5, 141.5, 136.2, 132.1, 13138.4,
130.0 (d,Jcr 8.1 Hz), 129.8, 128.4, 125.5, 115.6 @, 21.5
Hz), 112.2, 63.3, 16.6, 14.8, 14.2; MS (El, 70 eViz (#6): 441
(24.9), 439 (76.4) [M+], 424 (45.5), 395 (25.5),33®9.9), 336
(62.0).

5.2.11.Ethyl 3-ethyl-2-(4-fluorophenyl)-6-hydroxy-7-(4-
(methoxycarbonyl)phenyl)pyrazolo[1,5-a]pyrimidine-5-
carboxylate 4Kk)

Yellow solid (0.05 g, 18%), m.p. 222-223 °C; [Four@;
64.52; H, 4.98; N, 9.56. £H,FN;Os requires C, 64.79; H, 4.78;
N, 9.27%];8, (400 MHz, DMSOd;) 9.99 (s, 1H, OH), 7.15-8.18
(m, 84, Ar), 4.45 (q,J 7.2 Hz, 2H,0CH,CH,), 3.89 (s, 3H,
OCHg), 2.96 (g,J 7.3 Hz, 2H, CHCH,), 1.37 (t,J 7.1 Hz, 3H,
CH,CHsy), 1.21 (t,J 7.3 Hz, 3H, CHCHsy); 8¢ (150 MHz, DMSO-
ds) 166.4, 166.3 , 162.8 (dc.r 246.0 Hz), 152.3, 143.4, 139.1,
132.6, 132.2, 131.6, 131.4, 130.4 {d- 8.3 Hz), 130.2, 129.6,
129.1, 115. 9 (dJc.£ 21.5 Hz), 111.3, 62.7, 52.5, 16.4, 14.9, 14.3;
MS (El, 70 eV), m/z (%): 464 (31.9), 463 (99.9) [M-360
(29.2).
5.2.12.Isopropyl 3-ethyl-2,7-bis(4-fluorophenyl)-6-
hydroxypyrazolo[1,5-a]pyrimidine-5-carboxylatd

Yellow solid (0.05 g, 19%), m.p. 182-183 °C; [Four@;
65.78; H, 4.92; N, 9.66. £H,,F,N3;0; requires C, 65.90; H, 4.84;



N, 9.61%];d, (400 MHz, DMSO€s) 10.04 (s, 1H, OH), 6.85-
8.39 (m, &1, Ar), 5.23 (geptJ 6.3 Hz, 1H, CH(CH),), 2.96 (q,J
7.3 Hz, 2H, CHCH;y), 1.37 (d,J 6.2 Hz, 6H, CH(CH),), 1.21 (t,

J 7.9 Hz, 3H, CHCHa); dc (100 MHz, DMSO€) 168.4, 163.5
(d, Jc.r 251.0 Hz), 162.9 (dJc.r 247.7 Hz), 152.7, 143.5, 141.4,
132.9 (dJc.r 8.8 Hz), 131.6, 130.6, 129.9 (@ 8.4 Hz), 129.8,
123.0, 115.5 (dJcr 21.8 Hz), 115.2 (dJcr 22.2 Hz), 112.0,
71.4,21.7,16.6, 14.7; MS (El, 70 eV), m/z (%): 488.8) [M+],
377 (99.9), 320 (40.8).

5.2.13.Isopropyl 7-(4-chlorophenyl)-3-ethyl-2-(4-fluorophd)-
6-hydroxypyrazolo[1,5-a]pyrimidine-5-carboxylatént)

Yellow solid (0.04 g, 17%), m.p. 181-182 °C; [Four@;
63.42; H, 4.72; N, 9.35. £H,,CIFN;O; requires C, 63.51; H,
4.66; N, 9.26%];04 (400 MHz, DMSO€d,) 9.87 (s, 1H, OH),
6.98-8.41 (m, B, Ar), 5.27 (geptJ 6.4 Hz, 1H, CH(CH),), 2.96
(g, J 7.6 Hz, 2H, CHCH,), 1.38 (d,J 6.3 Hz, 6H, CH(CH),),
1.21 (t,J 7.5 Hz, 3H, CHCHy); 6c (150 MHz, CDC}) 168.0,
162.4 (dJcr 240.8 Hz), 152.4, 143.1, 141.1, 135.7, 131.7, 131.2
129.8 (d,Jc¢ 8.5 Hz), 129.8, 129.4, 128.1, 125.1, 115.2Xd;
21.7 Hz), 111.8, 71.2, 21.3, 16.2, 14.4; MS (EI€X0, m/z (%):
455 (5.5), 453 (17.4) [M+], 413 (52.1), 411(99.336 (41.5).

5.2.14. Ethyl 6-hydroxy-3-methyl-7-phenyl-2-(p-
tolyl)pyrazolo[1,5-a]pyrimidine-5-carboxylateh)

Orange solid (0.05 g, 22%), m.p. 203-204 °C; [Fou@d:
71.22; H, 5.52; N, 10.97. 58H,,N30; requires C, 71.3; H, 5.46;
N, 10.85%];04 (400 MHz, CDC}) 10.27 (s, 1H, OH), 6.89-8.23
(m, 9, Ar), 4.61 (9J 4.9 Hz, 2HOCH,CHs), 2.65 (s, 3H, Ch),
2.40 (s, 3H, CH), 1.56 (t,J 5.0 Hz, 3H, CHCHa); 8¢ (150 MHz,
CDCl;) 168.5, 153.7, 143.6, 140.9, 137.8, 131.3, 1303).4,
130.3, 129.9, 128.8, 127.7, 127.6, 126.7, 104.9,621.0, 13.8,
8.7; MS (El, 70 eV), m/z (%): 387 (99.9) [M+], 3433(3), 284
(40.5), 270 (47.0).

5.2.15.Ethyl 7-(4-fluorophenyl)-6-hydroxy-3-methyl-2-(p-
tolyl)pyrazolo[1,5-a]pyrimidine-5-carboxylatelg)

Orange solid (0.05 g, 21%), m.p. 195-196 °C; [Fou@d:
68.09; H, 5.06; N, 10.48. J¢1,0FN;O; requires C, 68.14; H,
4.97; N, 10.36%]9d, (400 MHz, DMSO+dg) 10.21 (s, 1H, OH),
6.97-8.19 (m, H, Ar), 4.46 (9,J 7.0 Hz, 2H,0CH,CHjy), 2.47 (s,
3H, CH), 2.35 (s, 3H, Ch), 1.39 (t,J 7.0 Hz, 3H, CHCHy); &c
(100 MHz, CDC}) 168.8,163.0 (d,Jc.r 249.1 Hz), 154.0, 143.8,
141.2, 138.2, 132.7, 130.9, 130.7, 130.54; 8.2 Hz), 129.2,
128.9, 123.0, 115.1 (d¢c.r 23.2 Hz), 105.4, 63.3, 28.7, 23810;
MS (El, 70 eV), m/z (%): 405 (33.6) [M+], 359 (23.3389
(22.3), 288 (99.9).

5.2.16.Ethyl 7-(4-chlorophenyl)-6-hydroxy-3-methyl-2-(p-
tolyl)pyrazolo[1,5-a]pyrimidine-5-carboxylatel)

Yellow solid (0.06 g, 25%), m.p. 194-195 °C; [Four@;
65.39; H, 4.84; N, 10.01. &H,,CIN;O; requires C, 65.48; H,
4.78; N, 9.96%];0, (400 MHz, DMSOQsd;) 10.21 (s, 1H, OH),
6.97-8.19 (m, B, Ar), 4.46 (9,J 7.0 Hz, 2H,0CH,CH,), 2.47 (s,
3H, CH), 2.35 (s, 3H, Ch), 1.39 (t,J 7.0 Hz, 3H, CHCHjy); oc
(150 MHz, CDC}) 168.8, 154.1, 143.9, 141.3, 138.3, 136.1,
132.2, 131.0, 130.6, 130.4, 129.8, 128.4, 128.(5.6.2105.6,
63.3, 21.3, 14.1, 9.1; MS (El, 70 eV), m/z (%): 422.8), 421
(84.3) [M+], 320 (48.7), 319 (32.9), 318(99.9).

5.2.17.Ethyl 6-hydroxy-7-(4-(methoxycarbonyl)phenyl)-
methyl-2-(p-tolyl)pyrazolo[1,5-a]pyrimidine-5-carbdaye (4q)
Yellow solid (0.04 g, 18%), m.p. 225-226 °C; [Foud
67.37; H, 5.26; N, 9.37. £H23N3O5 requires C, 67.41; H, 5.20;
N, 9.43%]; 0, (400 MHz, DMSO€s) 10.36 (s, 1H, OH), 6.62-
8.99 (m, &, Ar), 4.63 (g,J 8.0 Hz, 2H,0CH,CHj3), 3.98 (s, 3H,
CHjy), 2.66 (s, 3H, CH), 2.40 (s, 3H, Ch), 1.55 (t,J 7.9 Hz, 3H,
CH,CHs); &: (100 MHz, DMSO€l) 169.8, 166.2, 160.6, 155.6,

3-

153.5, 1441, 134.1, 132.6, 131.7, 130.0, 127.4.112126.9,
126.1, 122.8, 112.8, 106.2, 61.9, 52.7, 21.3, @S;(El, 70 eV),
Miz (%): 445 (49.7) [M+], 399 (29.8), 371 (22.5%3%(27.4).

5.2.18.Isopropyl 6-hydroxy-7-(4-methoxyphenyl)-3-methyl-2-(p
tolyl)pyrazolo[1,5-a]pyrimidine-5-carboxylateh()

Yellow solid (0.04 g, 18%), m.p. 199-200 °C; [Four@;
69.51; H, 5.92; N, 9.77. £H2sNs0, requires C, 69.59; H, 5.84;
N, 9.74%]; 5y (400 MHz, DMSO€g) 10.02 (s, 1H, OH), 7.04-
7.99 (m, &, Ar), 5.30 (geptJ 6.1 Hz, 1H, CH(CH),), 3.85 (s,
3H, OCH,), 2.46 (s, 3H, Ch), 2.34 (s, 3H, CH), 1.39 (d,J 6.3
Hz, 6H, CH(CH),); oc (100 MHz, DMSO€) 171.8, 166.4,
160.8, 142.1, 140.8, 135.1, 133.4, 132.6, 129.6.01,2126.9,
126.1, 122.3, 114.1, 113.9, 106.2, 70.8, 55.8,,211B, 9.0; MS
(El, 70 eV), m/z (%): 431 (93.9) [M+], 371 (41.1D®B(27.8).

5.2.19.Isopropyl 7-(4-chlorophenyl)-6-hydroxy-3-methyl-2-(p
tolyl)pyrazolo[1,5-a]pyrimidine-5-carboxylatels)

Yellow solid (0.05 g, 19%), m.p. 215-216 °C; [Four@;
66.05; H, 5.15; N, 9.72. £H,,CIN;O; requires C, 66.13; H, 5.09;
N, 9.64%]; 8 (400 MHz, CDC}) 10.43 (s, 1H, OH), 6.84-8.39
(m, 8d, Ar), 5.40 (geptJ 6.1 Hz, 1H, CH(CH),), 2.64 (s, 3H,
CHy), 2.41 (s, 3H, Ck), 1.54 (d,J 5.9 Hz, 6H, CH(CH),); oc
(100 MHz, DMSO€) 168.1, 153.5, 144.6, 141.0, 137.8, 136.56,
135.6, 131.8, 131.0, 130.3, 129.8, 128.9, 128.0.612125.2,
105.2,71.3, 21.3, 21.0, 8.7; MS (El, 70 eV), m/2:(287 (20.1),
435 (47.7) [M+], 377 (41.5), 351 (22.8), 350 (29.848 (33.2),
347 (38.6), 320 (42.7), 319 (42.7), 319 (34.5), 3a8.9), 304
(41.3).

5.3.General procedure for the synthesis of ethyl 3-etfhyl
hydroxy-2-phenyl-5-aryl-4,5,6,7-tetrahydropyrazdldi-
a]pyrimidine-7-carboxylate§

A mixture of 3-phenyl-4-ethyl 5-aminopyrazola (0.1 g,
0.54 mmol), aromatic aldehyd@(0.54 mmol) and ethyl pyruvate
3a (0.06 g, 0.54 mmol) in 2 mL of acetic acid wasasgtnicated
at room temperature for 6 h. The mixture was allowedtand
overnight. The solid precipitated was collected fityation and
vacuum dried.

5.3.1.Ethyl 3-ethyl-7-hydroxy-5-(4-methoxyphenyl)-2-phenyl
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-7-carbydate Ga)

White solid (0.11 g, 50%), m.p. 139-140 °C; [Fourdi;
68.27; H, 6.52; N, 10.10.H,;N30, requires C, 68.39; H, 6.46;
N, 9.97%];5, (400 MHz, DMSO#d;) 6.88-7.61 (m, H, Ar), 7.27
(d,J 6.9 Hz, 1H, NH), 6.43 (s, 1H, OH), 4.46-4.69 (m, 1H, CH),
4.18 (g,J 6.9 Hz, 2H,0CH,CHy), 3.74 (s, 3H, OCH), 2.42 (g,J
7.2 Hz, 2H,CH,CHj), 1.95-2.35 (m, 2H, C§), 1.17 (t,J 7.0 Hz,
3H, OCH,CH), 1.00 (t,J 7.2 Hz, 3H, CHCHz); 6c (100 MHz,
DMSO-de) 169.6, 158.9, 148.7, 144.3, 134.9, 134.0, 128.2,
128.1, 127.1, 113.9, 98.2, 82.0, 61.5, 55.2, 5421, 15.2, 14.9,
14.0; MS (El, 70 eV), m/z (%): 421 (89.1) [MH+], 3488.3),
306 (49.0), 187 (61.3), 172 (90.1), 161 (99.9).

5.3.2.Ethyl 3-ethyl-7-hydroxy-2,5-diphenyl-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrimidine-7-carboxylatsh]

Pale yellow solid (0.12 g, 50%), m.p. 136-137 °QyyRd: C,
70.49; H, 6.37; N, 10.65.6H,:N;0; requires C, 70.57; H, 6.44;
N, 10.73%];dy (400 MHz, DMSOd) 7.20-7.61 (m, 1H, Ar),
7.30 (d,J 7.1 Hz, 1H, NH), 6.51 (s, 1H, OH), 4.49-4.74 (m, 1H,
CH), 4.18 (q,J 7.2 Hz, 2H,0CH,CHy), 2.43 (q,J 7.3 Hz, 2H,
CH,CH3), 2.05-2.36 (m, 2H, CH, 1.17 (t,J 7.1 Hz, 3H,
OCH,CH,), 1.01 (t,J 7.2 Hz, 3H, CHCH,); 6c (100 MHz,
DMSO-d;) 169.6, 148.7, 148.4, 144.3, 134.9, 128.5, 128.3,
127.7, 127.1, 126.9, 104.8, 98.3, 82.0, 61.5, 58081, 15.3,
14.9, 14.0; MS (EIl, 70 eV), m/z (%): 392 (99.9) [MHG44
(90.5), 276 (10).
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5.3.3.Ethyl 3-ethyl-5-(4-fluorophenyl)-7-hydroxy-2-phenyl
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-7-carbydate 6c)

Pale yellow (0.12 g, 52%), m.p. 128-129 °C; [Four@:

67.41; H, 5.83; N, 10.28. jH,,FN;O; requires C, 67.47; H,
5.91; N, 10.26%]d, (400 MHz, DMSO€) 7.23-7.59 (m, H,
Ar), 7.20 (d,J 8.2 Hz, 1H, NH), 6.49 (s, 1H, OH), 4.53-4.75 (m,
1H, CH), 4.18 (gJ 7.3 Hz, 2H,0CH,CHy), 2.50 (q,J 7.4 Hz,
2H, CH,CHy), 2.0-2.35 (m, 2H, C}), 1.17 (t,J 7.3 Hz, 3H,
OCH,CHs), 1.01 (t,J 7.3 Hz, 3H, CHCHs); 6c (100 MHz,
DMSO-dg) 169.9, 162.0 (dJc.r 250.0 Hz), 160.8, 149.2, 144.6,
138.7, 135.2, 129.3 (d.r 8.4 Hz), 128.7, 127.5, 115.6 (&.r
21.4 Hz), 98.8, 82.4, 62.0, 50.5, 42.4, 15.7, 1544; MS (El,
70 eV), m/z (%): 410 (99.9) [MH+], 362 (90.1), 292(3).

5.3.4.Ethyl 5-(4-chlorophenyl)-3-ethyl-7-hydroxy-2-phenyl
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-7-carbydate 6d)
Pale yellow solid (0.12 g, 50%), m.p. 126-127 °QyJRd: C,
64.72; H, 5.78; N, 9.82. £H,,CIN;O; requires C, 64.86; H, 5.68;
N, 9.87%];8, (400 MHz, DMSOdg) 7.23-7.59 (m, H, Ar), 7.30

(d, J6.1 Hz, 1H, NH), 6.52 (s, 1H, OH), 4.46-4.76 (m, 1H, CH),

4.18 (q,J 7.1 Hz, 2H, OCH,CHs), 2.43 (q,J 7.3 Hz, 2H,
CH,CHj), 2.05-2.34 (m, 2H, CH, 1.17 (t,J 7.2 Hz, 3H,
OCH,CHs), 1.01 (t,J 7.3 Hz, 3H, CHCH,); & (100 MHz,

Tetrahedron

individual product. Compound$4b and 14c were obtained as
mixtures with4b and4c respectively.

5.5.1.Ethyl 3-ethyl-6-hydroxy-7-(4-methoxyphenyl)-2-phenyl
6,7-dihydropyrazolo[1,5-a]pyrimidine-5-carboxylat®4g)

Pale yellow solid (0.1 g, 42%), m.p. 163-164 °CoyRd: C,
68.61; H, 6.18; N, 10.09.£H,:N;0, requires C, 68.72; H, 6.01;
N, 10.02%];84 (400 MHz, DMSO€dg) 6.64-7.85 (m, H, Ar),
6.61 (d,J 5.3 Hz, 1H, OH), 5.57 (d] 1.1 Hz, 1H, CH), 4.79 (dd,
J5.3, 1.1 Hz, 1H, CH), 4.25 (¢,7.0 Hz, 2H,0CH,CHy), 3.67
(s, 3H, OCH), 2.86 (qJ 7.3 Hz, 2H, CHCH5), 1.26 (t,J 7.1 Hz,
3H, OCH,CH,), 1.16 (t,J 7.4 Hz, 3H, CHCH,); &: (100 MHz,
DMSO-ds) 163.4, 159.1, 153.8, 149.5, 140.7, 133.4, 128.7,
127.9, 126.9, 128.6, 126.7, 119.1, 114.5, 65.7,68R2.0, 55.1,
16.1, 15.2,14.1; MS (EI, 70 eV), m/z (%): 419 (9919+], 390
(49.6), 316 (57.1).

5.5.2.Ethyl 3-ethyl-2-(4-fluorophenyl)-6-hydroxy-7-(4-
methoxyphenyl)-6,7-dihydropyrazolo[1,5-a]pyrimidine-5
carboxylate {4b)

Oy (400 MHz, DMSO#d;) 6.64-7.85 (m, H, Ar), 6.60 (d,J 5.1
Hz, 1H, OH), 5.57 (br s, 1H, CH), 4.76-4.83 (m, 1H, CH254.
(9,3 7.2 Hz, 2H,0CH,CHjy), 3.67 (s, 3H, OC}}, 2.86 (q,J 7.5

DMSO-ds) 169.9, 149.2, 148.4, 144.5, 141.6, 136.5, 129.3Hz, 2H, CHCHy), 1.21 (t,J 7.3 Hz, 3H,OCH,CH,), 1.13 (tJ 7.5

128.9, 128.7, 127.6, 127.5, 98.8, 82.3, 62.0, 5053, 15.7,
15.4, 14.5; MS (El, 70 eV), m/z (%): 426 (100) [MH+].

5.3.5.Ethyl 3-ethyl-7-hydroxy-5-(4-(methoxycarbonyl)phgiyl
phenyl-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-7
carboxylate %e)

Pale yellow solid (0.12 g, 49%), m.p. 71-72 °C; [ROuC,
66.69; H, 6.19; N, 9.42. £H,/N;O5 requires C, 66.80; H, 6.05;
N, 9.35%];8, (400 MHz, DMSO#d;) 7.21-8.07 (m, H, Ar), 7.28

(d,J 6.4 Hz, 1H, NH), 6.60 (s, 1H, OH), 4.56-4.82 (m, 1H, CH),

4.18 (9,J 7.1 Hz, 2H,0CH,CHj), 3.85 (s, 3H, OCH}, 2.40 (g.J
7.3 Hz, 2H,CH,CHjy), 2.09-2.36 (m, 2H, CH, 1.16 (t,J 7.1 Hz,
3H, OCH,CHs), 1.02 (t,J 7.4 Hz, 3H, CHCH,); & (100 MHz,

Hz, 3H, CHCHy); 8¢ (100 MHz, DMSO¢) 163.2, 162.2 (dJe.r
244.7 Hz), 157.9, 155.2, 147.0, 144.9, 136.5, 130,8.- 8.6
Hz), 128.2, 119.2, 116.2 (der 21.0 Hz), 115.7, 114.2, 66.2,
65.8, 62.2, 55.4, 16.2, 15.1,14.3.

5.5.3.Ethyl 6-hydroxy-7-(4-methoxyphenyl)-3-methyl-2-()el
6,7-dihydropyrazolo[1,5-a]pyrimidine-5-carboxylat®4€)

oy (400 MHz, DMSO#d;) 6.64-7.64 (m, B, Ar), 6.59 (d,J 5.2
Hz, 1H, OH), 5.56 (br s, 1H, CH), 4.75-4.81 (m, 1H, CH254.
(q,J 7.3 Hz, 2H,0CH,CHjy), 3.67 (s, 3H, OC}), 2.37 (s, 3H,
CHy), 2.32 (s, 3H, CH), 1.26 (t,J 7.3 Hz, 3H, OCHCHjy); dc
(100 MHz, DMSO+d;) 163.6, 156.9, 147.2, 144.6, 136.4, 131.0,
130.0, 129.6, 128.9, 125.4, 117.1, 114.5, 109.5,6%4.6, 62.8,

DMSO-d;) 169.4, 166.0, 148.8, 147.7, 144.0, 134.8, 129.455.6, 21.6, 15.2, 6.7.

129.0, 128.3, 127.3, 127.2, 127.1, 125.7, 98.5,841.6, 52.2,
50.6, 41.8, 15.3, 14.9, 14.0; MS (El, 70 eV), m/2:(#&0 (100)
[MH-+].

5.4.Procedure for the synthesis of N-(4-methyl-1-(2-
oxopropanoyl)-3-(p-tolyl)-1H-pyrazol-5-yl)-2-oxogranamide
(6)

A mixture of 5-aminopyrazoléc (0.1 g, 0.54 mmol) and ethyl

5.6. X-ray diffraction study

The colourless crystals @b (C,3H,00sNsF) are monoclinic. At
293 K a 4.9357(2), b 19.131(1), c 203 A, B =
91.375(4)°, V. = 2005.0(2A% M, = 405.42, Z = 4, space
group PZ/c, dge = 1.343 gim’, I(MoKg) = 0.097 miri,
F(000) 848. Intensities of 18554 reflections51&

pyruvate 8a) (0.06 g, 0.54 mmol) in 2 mL of acetic acid was independent, R = 0.042) were measured on the «Xcalibur-3»

heated at reflux for 6 h. The mixture was conceetrab 1 mL
and allowed to stand overnight. The precipitateddseolas
collected by filtration and vacuum dried. White ido(0.12 g,
41%), m.p. 218-219 °C; [Found: C, 62.21; H, 5.29;14,94.
C1H17N3O, requires C, 62.38; H, 5.23; N, 12.849%@; (400
MHz, DMSOdg) 9.65 (s, 1H, NH), 7.21-7.48 (mH4 Ar), 2.32
(s, 3H, CH), 2.01 (s, 3H, CH, 1.93 (s, 3H, Ch), 1.89 (s, 3H,
CHy); & (100 MHz, DMSOd;) 196.6, 193.6, 169.2, 168.7,
153.9, 153.7, 137.4, 137.1, 129.8, 126.9, 91.51,231.5, 21.2,
9.4; MS (El, 70 eV), m/z (%): 327 (53.0) [M+], 22999),
187(75.7).

5.5.Procedure for the synthesis of ethyl 6-hydroxy-7-(4
methoxyphenyl)-3-alkyl-2-phenyl-6,7-dihydropyrazib|6f
a]pyrimidine-5-carboxylate44

A mixture of the appropriate 5-aminopyrazdl€0.54 mmol)
and ethyl (E)-4-(4-methoxyphenyl)-2-oxobut-3-eno@i®) (0.12
g, 0.54 mmol) in 2 mL of acetic acid was ultrasotédaat room
temperature for 2 h. After cooling, the precipitébemed was
filtered off and vacuum dried. Compourida was isolated as

diffractometer (graphite monochromated Mot&diation, CCD
detector,w-scaning, ®,.x = 5C). The structure was solved by
direct method using SHELXTL packde Positions of the
hydrogen atoms were located from electron densifferéince
maps and refined using “riding” model withs}) = nU, of the
carrier atom (n = 1.5 for methyl and hydroxyl gps and n
1.2 for other hydrogen atoms). Full-matrix leastaegs
refinement against °Fin anisotropic approximation for non-
hydrogen atoms using 3514 reflections was convelged?, =
0.190 (R 0.068 for 2227 reflections with Fe@&), S
1.454). The final atomic coordinates, and crystatphic data
for molecule 40 have been deposited to the Cambridge
Crystallographic Data Centre, 12 Union Road, CB2 1HK,
(fax: +44-1223-336033; e-mail: deposit@ccdc.carlgc.and
are available on request quoting the depositionbamsnCCDC
1566003).

6. References

1. Sakhno YI, Desenko SM, Shishkina SV, Shishkin OV,

Musatov VI, Chebanov VASynthesi2011; 1120.



10.

11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

Chebanov VA, Desenko SM, Sakhno Y|, Panchenko ES,
Saraev VE, Musatov VI, Konev VFFiziol. Akt.
Rechovini2002; 33:10.

Quiroga J, Romo PE, Ortiz A, Isaza JH, Insuasty B,
Abonia R, Nogueras M, Cobo J. Mol. Struct 2016;
1120:294.

Abdel-Haby SAL, Badawy MA, Kadry AM, Mosselhi
MAN. J. Heterocycl. Chenl987; 24:1587.

Abdel-Megid M.Pharmazie2000; 55:263.
El-Maati TMA. Boll. Chim. Farm 1999; 138:272.

Chebanov VA, Sakhno YI,
Sonochem2012; 19:707.

Chebanov VA, Sakhno Y|, Desenko SM, Chernenko VN,
Musatov VI, Shishkina SV, Shishkin OV, Kappe CO.
Tetrahedror2007; 63:1229.

Morozova AD, Muravyova EA, Desenko SM, Musatov
VI, Yedamenko DV, Chebanov VAChem. Heterocycl.
Compd 2016; 52:934.

Sakhno YI, Shishkina SV, Shishkin OV, Musatov VI,
Vashchenko EV, Desenko SM, Chebanov VKol.
Divers 2010; 14:523.

Desenko SMlltrason.

Kruglenko VP, Klyuev NA, Povstyanoi MV, Timoshin
AA. Chem. Heterocycl. Compd998; 34:232.

Berezina ES, Koz'minykh VO, Igidov NM, Shirinkina
SS, Koz'minykh EN, Makhmudov RR, Bukanova EV.
Russ. J. Org. Chen2001; 37:539.

Nosek E Collect. Czech. Chem. Commu®50; 15:335.
Ried W, Mueller WPrakt. Chem1959; 8:132.

Armand J, Armand Y, Boulares L, Bellec C, Pinsoh J
Heterocycl. Cheml985; 22:1519.

Kozminykh, V. O.; Kozminykh, E. M. InSelected
Methods for Synthesis and Modification of Heteroeycl
Kartsev, V. G., Ed.; IBS: Moscow, 2002; pp 263—-279.

Perevalov SG, Burgart YV, Saloutin VI, Chupakhin ON.
Usp. Khim 2001; 70:1039.

Kistanova NS, Mashevskaya |V, Bozdyreva KS,
Maslivets AN.Chem. Heterocycl. Compa003; 39:673.

Chebanov VA, Sakhno YI, Desenko SM, Shishkina SV,
Musatov VI, Shishkin OV, Knyazeva I\Bynthesi2005;
2597.

Sakhno YI, Desenko SM, Shishkina SV, Shishkin OV,
Sysoyev DO,Groth U, Kappe CO, Chebanov VA.
Tetrahedro2008; 64:11041.

Murlykina MV, Sakhno YI, Desenko SM, Konovalova
IS, Shishkin OV, Sysoyev DA, Kornet MN, Chebanov
VA, Tetrahedror2013; 69:9261.

Sakhno YI, Murlykina MV, Morozova AD, Kozyryev
AV, Chebanov VA. French-Ukrainian Journal of
Chemistry2015; 3:1.

Murlykina, M. V.; Sakhno, Ya. l.; Desenko, S. M,;
Chebanov, V. A. InHeterocyclic compounds chemistry.
Recent aspecgtKartsev, V. G., Ed.; ICSPF: Moscow,
2014; Vol. 1, pp 318-324.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.
42.
43.

44,
45,
46.

Morozova AD, Muravyova EA, Shishkina SV,
Vashchenko EV, Sen'ko YV, Chebanov VAJ.
Heterocycl. ChenR017; 54:932.

Murlykina MV, Sakhno YI, Desenko SM, Shishkina SV,
Shishkin OV, Sysoiev DO, Kornet MN, Schols D,
Goeman JL, Van der Eycken J, Van der Eycken EV,
Chebanov VAEur. J. Org. Chem2015; 4481.

El-Borai MA, Rizk HF, Abd-Aal MF, El-Deeb IYEur. J.
Med. Chem2012; 48:92.

Plettenburg, O.; Schoenau, C.; Loehn, M.; Hachtel, S.
Pfeiffer-Marek, S.; Mendez-Perez, M.; Kannt, A.; Dedi
J.; Kohlmann, M.; Schiffer, A.; Begis, G.; Duclos, O.;
Jeannot, F. Patent WO2013045413, 20CZBem. Abstr
2013, 158, 534920.

Alcouffe, C.; Bjegarde, K; Mauger, J. Patent
WO02013087744, 201&hem. Abstr2013, 159, 118553.

Dias LRS, Santos MB, Albuquerque S, Castro HC, de
Souza AMT, Freitas ACC, DiVaio MAV, Cabral LM,
Rodrigues CRBioorg. Med. Chem2007; 15: 211.

Wu YC, Liu L, Li HJ, Wang D, Chen YJ. Org. Chem
2006; 71:6592.

Qian JL, Yi WB, Cai CTetrahedron Lett2013; 54:7100.

Gao, Z.; Luo, Y.; Chen, X.; Sun, H.; Xu, S.; Zhang, W.;
Zhang, G. Patent CN106187885A, 20X&hem. Abstr
2016, 166, 95307.

Stefani HA, Oliveira CB, Almeida RB, Pereira CMP,
Braga RC, Cella R, Borges VC, Savegnago L, Nogueira
CW. Eur. J. Med. Chen?006; 41:513.

Cravotto G, Cintas R2Chem. - Eur. J2007; 13:1902.

Kaping S, Vishwakarma JN. Appl. Fundam. ScR016;
2:23.

Mason TJChem. Soc. Ret997; 26:443.

Tan SH, Chuah TS, Chia PW. Korean Chem. Soc
2016; 60:245.

Desenko SM, Orlov VD, Lipson VMChem. Heterocycl.
Compd 1990; 26:1362.

Ovchinnikova |G, Valova MS, Matochkina EG, Kodess
MI, Tumashov AA, Slepukhin PA, Fedorova OV,
Rusinov GL, Charushin VNRuss. Chem. Bull2014;
63:1552.

Desenko SM, Orlov VD, Lipson VV, Shishkin OV,
Potekhin KA, Struchkov YTChem. Heterocycl. Compd
1993; 29:95.

Meng Q, Zhu L, Zhang Z1. Org. Chem2008; 73:7209.
Stecher ED, Ryder HB. Am. ChemSoc. 1952; 74:4392.

Audrain H, Thorhauge J, Hazell RG, Jorgensen KA.
Org. Chem2000; 65:4487.

Hartmann H, Liebscher $ynthesid984; 276.
Zhao B, Loh T-POrg. Lett.2013; 15:2914.
Sheldrick GM.Acta Crystallogr Sect 2008; 64:112.



