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Abstract : Six 1(2)H-3-aryl-4-p-chlorophenyl-dihydropyrazolo[3,4-b]pyridin-6-ones have been
prepared from the corresponding arylaminopyrazoles. The NMR study of these compounds reveals
that all of them exist as 2H-tautomers in solution (DMSQ-dg) as well and in the solid state.

Introduction

The reaction of 3(5)-aminopyrazoles with benzaldehydes and Meldrum's acid directly or
preparing first the Meldrum's acid benzylidene derivative (3), has been studied by some of us in the
case of S-amino-1-aryl-3-methylpyrazoles.! With N-unsubstituted pyrazoles (1) or (2), the reaction,
in principle, can afford two derivatives: a dihydropyrazolo[3,4-b]pyridin-6-one (4) or (5) (similar to
that obtained previously with 1-aryl derivatives)! or a dihydropyrazolo[1,5-a]pyrimidine (6), like in
the case of the compounds prepared from methyl orthoformate, Meldrum's acid and NH-pyrazoles.2

The absence of Hy excludes structure 6; it remains to determine the tautomerism and properties
of the 3-aryl-4-p-chlorophenyl-dihydropyrazolo[3,4-b]pyridin-6-ones (4) or (5). The starting amino-
pyrazoles (1/2) present an interesting case of tautomerism: depending on the substituent X (a H, b
CH3, ¢ OCH3, d Cl, e Br, f NO3) the most stable tautomer is the 3-amino-5-aryl (1) or the 5-amino-
3-arylpyrazole (2).3 Therefore, it was interestin g to determine the tautomeric structure, (4) or (5), of
the resulting cyclic compound and to compare it with that of the starting material, (1) or (2).

Results and Discussion

Synthesis
Compounds (4/5) were prepared by reaction of the corresponding 1H-3(5)-amino-5(3)-
arylpyrazoles (1a/2a)-(1f/2f) with p-chlorobenzaldehyde and Meldrum'’s acid in ethanol.
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1H and 13C NMR spectroscopy in solution

The 1H and 13C NMR spectra are gathered in Tables 1 and 2. The 13C results will be
discussed in relation with the tautomerism. The first order analysis of the ABC system formed by the
protons of positions 4 and 5 yield three coupling constants, a geminal (15.8-15.9 Hz) and two vicinal
ones (7.4-7.6 and 1.8 Hz). The application of Karplus equations [3Jyjc = 8.5 cos2¢ - 0.3 (for 0° < ¢
<90°) and 3Jyjc = 9.5 cos2¢ - 0.3 (for 90° < ¢ < 180°)]4.5 leads to two dihedral angles 80° (for 1.8
Hz) and 140° (for 7.5 Hz). These values identified H-5a and H-5¢ and established that the 4-p-
chlorophenyl group is in a pseudo-equatorial position.

13C NMR spectroscopy in the solid state (CPMAS)

The solid state chemical shifts for compounds 4a/5a and 4f/5f are also reported in Table 2.
As it can be seen, they are very similar to those found in DMSO-dg solution. Moreover, no significant

splitting is observed pointing to the presence of only one tautomer in the solid state.
Tautomerism.

In DMSO-dg solution, compound (4a/5a) was sparsely soluble and a small amount of
trifluoroacetic acid had to be added. By internal comparison and considering the aromatic substituent
chemical shifts (SCS)® and the chemical shifts of phenylpyrazoles’ it is possible to estimate, with a
reasonable accuracy, the 13C chemical shifts of the 3-phenyl group for compound (4a/5a) in pure
DMSO-dg:

116



Heterocyclic Communications

J. Quiroga et al.

S'L=[¢ 8’1 =f¢
0'8 =f¢ . v'8 =f¢ 81=r¢ ¢gcp=wdy SL=l¢ . q
opzz  @wre  @oec JOMEL @ o eocor @z Gpsog  ERory (ST
'L =F¢ 81 =r¢ e
08 =f¢ _v_w =l¢ 8’1 =f¢ 6'S1 =wadf S'L="¢
(9zz  @LrL  PeeL  PErL YL (60l (P9rT  (PPWoE  (PP)8FY  (9)I9TI AN =X ‘(q)
S'L=fc 81 =i¢
(u) (u) (w) €8 =f¢ (w) 6S1 =widr §L='¢ q
IWL-STL WLSTL 1WwLsTL (RIUL I9L-STL  (Dvsol p (FP)SOE  (PPILY ¥ > H=X"'(®)
X MY °H “H °H LY *H %H 'H @iy dwop

o|ozerfdorpAyenai-£'9*¢'p-(jAuaydorofyo-p)-p-(JAuayd-X-p)-¢ Jo (zH ut r) stueisuod Sujjdnod pue (widd ut @) syytys (2orudyd YWN Hj ‘T 2198l

$au0-9-uIptiAdig-p*¢]

117



of]3,4-bjpyridin-6-ones

H=X
6'8CI1 6 '8¢l 6'8¢I 6’821 68CI 6 8¢l 6 821 corl  T0S1 €Tl ey £ce L1001 ®'CHl (e)
€9=/¢ I"L=f¢ q
0291=" L191=( 8651=1 6'1vl=  0°091=M COEl=r  ¥SEI=M H=X
C 6¢l $'6T1 §9Z1 96Cl  0TEI L'8T1 £ 6T1 L'8E1  €0S1 9691 vy he 9101 0'ttl ')
5io) o) <D Gfe) ) “o © 'D ELD 90 £D de] *£) tD ‘dwo)
1Auiyd-x-d=1vy-¢ [Au:ydolo yo-d = 1y-¢ auo-g-uipuidig-p ¢|ojozeafdompiyip

§9110-9-Ulp EAd[g-$ €]
ojozeifdoipAye.nai- ‘9'c*p-([Auaydoioya-p)-p-(jAuayd-x-p)-¢ jo (zH ut ) siueisuo) uigdno) pue (1udd ur Q) syy1y§ 1LY Iy ‘T A4RL

[eud1s 1uUaA[0S Y1 AQ payseul p |PIAIdSqO 10U 5 HLODESD J0 doip e sijd 9p- OSING Ul q ‘9P-OSINA Ul ¢

Synthesis,molecular structure and tautomerism of 1(2)H-dihydropyrazol

Vol 5, No. 2, 1999

9'L=l¢ Sili=le e
L8 =rl¢ V'8 =l¢ 81 =g ggr=wdidy 9L=l¢ ION =X
= = (P)ET'8 (PoLL P)vIL \P) PE'L ()€9°01 (PIPST (PP)OT'E P19y  (S)S0°€l ‘@
v'L=[¢ =l
$'8 =f¢ v'8 =[¢ 81=r¢ g¢l=widpr PL=[¢ v
e (P)9g"L (PIgS'L (P)Z1°L (P) ve'L ()ps 01 PILY'T (pp)90c  (PPIOSY  (S)sLTl 1g=X '(9)
pr=r  81=l¢
() (ur) V'8 =f¢ 81 =l¢ ¢@cI=wdyr V¥L=l¢ v
" LY'LOv'L  LYLove  (pTlL (P) pE'L (S)€S°01 PILY'T (P90 PPIST PLTE 1D=X"(P)
v'L=[¢ 81 =(¢ v
L'S = '8 =/¢ 6SI =wady VL =f¢ IND =X
(S)eLe (P)veL (P)Y6'9 (PErL P) vE'L (S)Ly 01 p (pP)o0’e  (PPIOP'Y  (S)PSTI ‘®

118



Heterocyclic Communications

J. Quiroga et al.

AN SYINDD D¢ 18IS PIIOS 5 ‘HUODEID Jo doup e snjd 9p-OSINA q OP-OSNd e

'ivl

ticl

LTel

L'Lel

0vTl

Ct=lg
1'0L1={,
(A74!

6'L91=1
61¢l

U'L91=1
L'8Tl

§'6l1

6v=1¢

8'8¢I

L91=,
8 8¢l

I'§91="
0e6cl

£€9=(;
resi="
L STl

sl

(431!

£'8C1

08¢l

Liel

L9zl

vy 9tl

PIel

el

g'itel

eIel

9891=[y
L'8T1

cLel

$9=r-
849i="
9921

19=f:
6091=
8'LTI

1'9=f¢
8T91=1
'Ll

S'L=l¢
T6SI=/}
'Lzl

8'6Cl1

£9I=1
8'871

o6vl

SOsT

a9¢l

$otl

SLEL

9'8¢t1

L'LEl

ozl

oSt

[4!

1°0¢1

£TLl

L'891

6891

8'891

v'ov

0'1€1=0,
9'0p

CIEl=M
8or

S'6TI=0
80¥

U 1E1=M
60y

0'Ie1=r
6'0v

6'le

COtI=M
S'te

SSEl=/
Ste

00L1=ry
vt

I'SEI=
$'gE

ove

Srel=r
9'¢et

1ol

0t0l

101

101

1001

L0017

(U4

t'crl

et

Lyl

{ON=X
)

ON=X

(@

119



Vol 5, No. 2, 1999 Synthesis,molecular structure and tautomerism of 1(2)H-dihydropyrazol
of{3,4-b]pyridin-6-ones

NH2 NH2
= \
127.85 /
: N xn N
s 7N
N CH
X T X
g RE
126.85 CHa
i 8

4a/5a

Comparing now the !3C chemical shifts of the 3-aryl groups in compounds (4/5) with those
of the N-methyl derivatives 7 and 8 of (1) and (2) (to avoid tautomerism)3 it results in two Equations:

3(4/5) = -1.2 + 1.005 8(7), n = 24, r2 = 0.992 (1)
3(4/5) = 11.1 + 0.913 §(8), n = 24, r2 = 0.888 ()

The much better correlation coefficient and the slope close to 1 demonstrates that bicycles (4/5)
are similar to 5-arylpyrazoles 7, therefore, that all the bicycles are 5-aryl derivatives, i.e. (5)
tautomers. In the solid state, the 13C CPMAS spectra of compounds a and f yield chemical shifts very
similar to those in solution (Table 2). Therefore, all these compounds exist in the solid state as 2H-
tautomers (5).

Conclusion

It is now possible to compare the aminopyrazoles (1/2)3 with the bicycles (4/5) in what

concerns tautomerism (see Table 3).

Table 3. Comparison of the tautomerism of pyrazoles and dihydropyrazolo{3,4-b]pyridin-6-ones

Pyrazoles Dihydropyrazolo[3,4-b]pyridin-6-ones
DMSO0-dg Solid state DMSO0-dg Solid state
a,X=H 54% (1) ) 100% (5) (5
b, X = CH3 58% (1) (1) 100% (5) (5
¢, X = OCH3 55% (1) ¢)) 100% (5) (5
d,X=Cl 42% (1) (1) 100% (5) (5)
e, X=Br 34% (1) (1+2) 100% (5) (5)
f, X =NO, ~1% (1) 2) 100% (5) (5)
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The results of Table 3 show that in the case of pyrazoles the tendency to be at position 3 of the
pyrazole is similar for the amino and aryl groups so that both tautomers are of similar energy and that
modifications of X shift the equilibrium towards one or the other tautomer. In the case of
dihydropyrazolo[3.4-b]pyridin-6-ones, the NH-CO-CH»-R fragment always dominates over the aryl
group and whatsoever X the only tautomer present is the 2H one (5). This difference cannot be
adscribed to the cycle (only small cycles. through the Mills-Nixon effect, can shift the tautomeric
equilibrium).8-10 Therefore, it is the replacement of the NHj group for the more electron-withdrawing
group NH-CO-R that shifts the equilibrium to the tautomer where this group is at position 3 of the
pyrazole. This tendency has been found for other electron-withdrawing groups such as nitro,

ammonio and diazonio.11.12

Experimental

Materials. Melting points were determined on Buchi 510 and Reichert-Thermovar instruments and
are uncorrected. !H and 13C FT-NMR spectra were recorded at 200 (400) and 50 (100) MHz on
Bruker AC200 and AMX400 specrometers. The chemical shifts were measured relative to TMS. 13C
CPMAS NMR spectra were recorded at 100 MHz on a Bruker AC200 spectrometer with standard
conditions.3 The starting pyrazoles are described in ref. 3.

2H-3-phenyl-4-p-chlorophenyl-dihydropyrazolo[3,4-b]pyridin-6-one (5a). A solution of 1.59 g (0.01
mol) of 1H-5-amino-3-phenylpyrazole (1a), 1.40 g (0.01 mol) of p-chlorobenzaldehyde and 1.44 g
(0.01 mol) of Meldrum'’s acid were heated in 20 ml of anhydrous ethanol during 15 min. After
cooling, the precipitate was filtered off and washed with cold ethanol. The solid was crystallized in
ethanol. Yield 75%, mp 365 °C. Anal. Caled for C1gH4N30Cl: C, 66.77; H, 4.36; N, 12.98.
Found: C, 66.65, H, 4.39, N, 12.84.

2H-3-p-methylphenyl-4-p-chlorophenyl-dihydropyrazolo[3,4-b]pyridin-6-one (5b). Using the same
procedure but starting from 1H-5-amino-3-p-methylphenylpyrazole (1b). The solid was crystallized in
ethanol. Yield 70%, mp 315 °C. Anal. Calcd for C19gHgN3OCl: C, 67.56; H, 4.77; N, 12.44.
Found: C, 67.25, H, 4.59, N, 12.12.

2H-3-p-methoxyphenyl-4-p-chlorophenyl-dihydropyrazolo[3 4-b]pyridin-6-one (5c). Using the same
procedure but starting from | H-5-amino-3-p-methoxyphenylpyrazole (1c). The solid was crystallized
in ethanol. Yield 68%, mp 295 °C. Anal. Caled for C1gH|¢N302Cl: C, 64.50; H, 4.56; N, 11.88.
Found: C, 64.26, H, 4.61, N, 11.92.

2H-3-p-chlorophenyl-4-p-chlorophenyl-dihydropyrazolo[3,4-b]pyridin-6-one (5d). Using the same
procedure but starting from 1H-5-amino-3-p-chlorophenylpyrazole (1d). The solid was crystallized in
ethanol. Yield 75%, mp 350 °C. Anal. Calcd for CjgH3N30Cly: C, 60.35; H, 3.66; N, 11.76.
Found: C, 60.55, H, 3.73, N, 11.59.
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2H-3-p-bromophenyl-4-p-chlorophenyl-dihvdropyrazolo{3 4-b[pyridin-6-one (Se). Using the same
procedure but starting from 14-5-amino-3-p-bromophenylpyrazole (le). The solid was crystallized in
ethanol. Yield 73%, mp 348 °C. Anal. Calcd for CigH3N3OCIBr: C, 53.69: H, 3.25: N, 10.44.
Found: C, 53.75, H, 3.51, N, 10.17.

2H-3-p-nitrophenyl-4-p-chlorophenyl-dihydropyrazolo[3,4-b]pyridin-6-one (5f). Using the same
procedure but starting from 1/4-5-amino-3-p-nitrophenylpyrazole (1f). The solid was crystallized in
ethanol. Yield 71%, mp 345 °C. Anal. Calcd for CjgH3N403Cl: C, 64.86; H, 3.93; N, 16.81.
Found: C, 64.64, H, 3.88, N, 16.73.
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