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Abstract
Results of the study to assess the difference in reactivity of the formyl group present at various

positions in substituted pyrazolecarbaldehydes for the Baylis-Hillman reaction under the
influence of DABCO are described.
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Introduction

The Baylis-Hillman reaction has been instrumental in providing ready access to several useful
intermediates, which lead to generation of novel structural motifs." The varying conditions® and
development of novel catalysts® for this particular reaction have not only provided new
alternatives to synthetic chemists but has also led to considerable progress in understanding of
the mechanism of this reaction. Despite this enormous development, not much attention has
been directed towards understanding the difference in reactivity of the formyl group present at
various positions within a system. In case of substituted benzaldehydes it is well known that the
substitution on the benzene ring has direct implications on the reactivity of the formyl group. The
nitro- or trifluormethyl-substituted benzaldehydes are some of the fastest reacting substrates due
to their electron-withdrawing character while the methoxy- or dimethoxybenzaldehyde’s
sluggish nature for the Baylis-Hillman reaction is attributed to their electron-donating nature.
However, in case of heterocyclic systems such effects are not pronounced and therefore not
much has been described pertaining to the difference in reactivity of the formyl group present at
different positions within a heterocyclic system for this reaction. We were the first to examine
the difference in reactivity of the formyl group for the Baylis-Hillman reaction in various
substituted isoxazolecarbaldehydes. We have observed that the formyl group present at 3 or 5-
position in isoxazole ring undergo a fast Baylis-Hillman reaction as compared to the formyl
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group present at the 4-position (Fig. 1).
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Figure 1. 5-(I) and 3-isoxazolecarbaldehyde (II) are fast reacting substrate for Baylis-Hillman
reaction while 4-isoxazolecarbaldehyde (III) is a slow reacting one under similar conditions.

The better reactivity of 3- and 5-isoxazolecarbaldehydes was attributed to a hypothetical
assumption that the lone pair of electrons in the heteroatoms present in proximity to the carbon
atom bearing the formyl group helps in eliminating the tertiary base from the intermediate in the
final step of the reaction. However, possibility of other electronic or steric factors or the effect of
the basicity of the heteroatom present in the proximity of the carbon bearing formyl group is not
ruled out. We have also reported that the presence of a electron withdrawing group such as
methoxy carbonyl on the carbon adjacent to the one bearing the formyl group further increases
its reactivity for this particular reaction.’ Recently, Rao et al.” reported that substituted 2-chloro-
3-pyridinecarbaldehydes are also fast reacting substrate for Baylis-Hillman reaction. Although
they did not draw any comparison of their substrate with 3-pyridinecarbaldehyde, it can be
extended from the literature that perhaps the formyl group in 2-chloro-3-pyridinecarbaldehyde
have better reactivity than the 3-pyridinecarbaldehyde. It is quite likely that the presence of a
halide on the carbon adjacent to the one bearing the formyl group may have some effect on its
reactivity for the Baylis-Hillman reaction. These observations provoked the need to explore the
reactivity of the formyl group towards this reaction in other heterocyclic systems too. In our
studies aimed at this objective we have carried out the Baylis-Hillman reaction of differently
substituted pyrazolecarbaldehydes. This has led to interesting results which prompt us to report
the details of our study in this paper.

The choice of studying the pyrazolecarbaldehyde was influenced by the fact that it is one of
the closest heterocyclic systems to isoxazolecarbaldehydes and desired substrates can be easily
generated. Moreover, Baylis-Hillman derivatives of different pyrazolecarbaldehydes shall lead to
generation of several building blocks which can be synthetically diversified to obtain the
chemical libraries of pyrazoles. Several pyrazole derivatives are of high pharmaceutical interest
and are ascribed with wide range of bioactivities.® These include antirheumatic, topoisomerse
inhibitors, antiinflammatory, anticoagulant, cannabinoid receptor ligands, antimicrobials and
estrogen receptor antagonists.
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Results and Discussion

The initial objective to generate different pyrazolecarbaldehydes was achieved either by known
procedures or via modifying the literature methodologies. The scheme 1 illustrates the synthesis
of  1,5-disubstituted-1H-pyrazole-3-carbaldehyde @ and  2,5-disubstituted-2H-pyrazole-3-
carbaldehyde.’ The treatment of acetophenones 1a-c with diethyl oxalate in the presence of NaH
furnished the diketoesters 2a-c. Reaction of 2a-¢ with phenylhydrazine in the presence of
catalytic amount of TFA yielded a mixture of pyrazole esters 3a-c and 4a-c. Separation of these
regioisomers at this stage was not convenient. Therefore the mixture containing both
regioisomers was treated with LiAlH4 in dry diethylether to afford the product as mixture of Sa-c
and 6a-c. Due to significant difference in the polarity of these alcohols they were easily
separated via column chromatography over silica gel. Compounds 5Sa-¢ were obtained as the
major isomer while 6a-c were separated as the minor product. Subsequently these alcohols were
subjected to oxidation in the presence of PCC. Oxidation of alcohols Sa-c¢ yielded 7a-c in 55-
57% yield while oxidation of 6a-c¢ afforded 8a-c¢ in 75-80% yield.

In the next step the major products 7a-¢ were subjected to Baylis-Hillman reaction with
several alkenes in the presence of DABCO under neat condition. Initially the reactions were
carried out in the presence of 0.5 equiv. of DABCO and 1.2 equiv. of activated alkene (scheme
2). The results of the Baylis-Hillman reaction of 7a-¢ with different alkenes are summarized in
Table 1. It was observed that when acrylonitrile, methyl acrylate or ethyl acrylate were employed
as alkene, the starting aldehydes were completely consumed however in the case of tert-butyl
acrylate or cyclohexen-1-one, some amount of starting substrate left unreacted even after 3 days.

It was interesting to note that amongst different aldehydes used for the reaction the one
bearing unsubstituted phenyl group was sluggish towards the reaction as compared to the ones
bearing substituted phenyl groups. It was observed during these reactions that the acrylonitrile
reacts more efficiently as compared to other alkenes. Since it is known that rate of the Baylis-
Hillman reaction is increased under the influence of sonication,'® in a model study the reaction of
compound 7b was performed with acrylonitrile and methyl acrylate under sonication.
Interestingly the reaction with acrylonitrile was complete in 3.5 h instead of 7 h while the
reaction with methyl acrylate was accomplished in 8 h instead of 10 h. These results inferred that
the sonication does have positive effect on the rate of the Baylis-Hillman reaction in these
substrates.

In the next stage, compounds 8a-c¢ belonging to other regioisomer were subjected to the
Baylis-Hillman reaction with several alkenes, the results of which are summarized in Table 2
(scheme 3). Interestingly unlike 7a-¢, these substrates undergo faster Baylis-Hillman reaction
though the behavior of different alkenes remains the same. Herein too the starting substrate
failed to react completely with tert-butyl acrylate, methyl vinyl ketone or cyclohexen-1-one.
Although methyl vinyl ketone is highly activated alkene, the incomplete reaction may be
speculated due to Michael type dimerization of this reagent under the influence of DABCO."
Within this prototype, different aldehydes had almost similar reaction rates.
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Scheme 1. Reagents and conditions: i) a) NaH (60% in oil), dry benzene, rt to 80 °C, 2h. b) 2%

aq. HCI; ii) PANHNH,, TFA (catalytic), ethanol, reflux, 2h; iii) LiAlH4, dry diethylether; iv)
PCC, dl'y CH2C12.
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Scheme 2. Reagents and conditions: i) CH,=CHEWG, DABCO, rt, for time refer to Table 1; ii)
2-cyclohexen-1-one, DABCO, rt.
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Table 1. Results of the Baylis-Hillman reaction of 7a-c*

Compd. EWG Time (h)° Isolated Yields (%)°
No. Product Starting (7)
9a CN 9 86 -
9b CN 7 83 -
9¢ CN 6 88 -
10a CO,Me 10 88 -
10b CO,Me 8 79 -
10c CO,Me 8 83 -
11a CO,Et 22 81 -
11b CO,Et 16 85 -
11c CO,FEt 16 84 -
12a CO,Bu-¢ 90days® 56 39
12b CO,Bu- 72 54 32
12¢ CO,Bu-t 72 58 36
13a - 80 61 14
13b - 72 71 10
13c - 72 67 11

All reactions were carried out with 0.5 eq. of DABCO and 1.2 eq. of activated alkene with
respect to starting aldehyde under neat condition. *The time and isolated yields included in the
table are mean of two set of reactions with each substrate. After the specified time no further
change was observed in the reaction. “This reaction was worked up after 90 days as no product
was observed upto 7days.

_Ph
N_N,Ph f/\l-N
/ i OH
NN F~cHo —— (/ \_R =
_— —
8a-c 14-18a-c EWG
b Ez T_Me 14 EWG= CN
c R=4-Cl| 15 EWG= CO,Me

16 EWG= CO,Et
17 EWG= CO,Bu-t
18 EWG= COMe

Scheme 3. Reagents and Conditions: i) CH,=CHEWG, DABCO, rt, for time refer to Table 2; ii)
2-cyclohexen-1-one, DABCO, rt.
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Table 2. Results of the Baylis-Hillman reaction of 8a-¢*

Compd. EWG Time (h)® Isolated Yields (%)°
No. Product Starting (8)
14a CN 3.5 91 -
14b CN 4.0 83 -
14¢ CN 3.5 78 -
15a CO,Me 5.0 83 -
15b CO,Me 6.5 87 -
15¢ CO,Me 5.0 80 -
16a CO,Et 13 89 -
16b CO,Et 13 92 -
16¢ CO,Et 9.5 84 -
17a CO,Bu-¢ 48 68 25
17b CO,Bu- 48 78 16
17¢ CO,Bu-t 48 75 20
18a COMe 6 56 32
18b COMe 5 32 39
18¢ COMe 5 41 33
19a - 48 65 -
19b - 48 72 -
19¢ - 48 68 -

*All reactions were carried out with 0.5 eq. of DABCO and 1.2 eq. of activated alkene with
respect to starting aldehyde under neat condition.” The time and yields are mean of two set of
reactions with each substrates. After the specified time no further change in the reaction was
observed.

In the next part of the study it was desired to investigate the reactivity of the formyl group
present at the 4-position of the pyrazole ring. On the basis of our earlier observation with
different isoxazolecarbaldehydes, it was envisaged that the pyrazole-4-carbaldehyde would be a
slow reacting substrate for the Baylis-Hillman reaction. Therefore, the synthesis of 4-
pyrazolecarbaldehydes 20a-¢ was accomplished via the reported strategy (scheme 4)."2
Compounds 20a-c were subjected to the Baylis-Hillman reaction with different alkenes.
Expectedly, the reaction failed to occur with 0.5 equiv. of DABCO and 1.2 equiv. of alkenes.
Therefore, the amount of DABCO was increased to 1.0 equiv. while that of alkenes to 3.0 equiv.
Results of the Baylis-Hillman reaction with 4-pyrazolecarbaldehydes are summarized in Table 3.
In most of the cases the reactions take longer periods and yields of adducts were low. The
unsubstituted phenyl group bearing pyrazolecarbaldehyde behaved as poor electrophile and no
product could be isolated in the case of ethyl and zert-butyl acrylates.
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Scheme 4. Reagents and Conditions: i) PANHNH,, pTSA (catalytic), dry toluene, reflux, 3h; ii)
POCI3, DMF, 80 °C, 2h; iii) CH,=CHEWG, DABCO, rt, for time refer to Table 3.

Table 3. Results of the Baylis-Hillman reaction of 20a-c*

Compd. EWG Time (days)b Isolated Yields (%)
No. Product Starting (20)
21a CN 4 7 86
21b CN 4 55 38
21c CN 4 43 51
22a CO,Me 25 12 80
22b CO,Me 25 45 49
22¢ CO,Me 25 16 80
23a CO,Et 25 NR 90
23b CO,Et 25 22 70
23¢ CO,Et 25 13 83
24a CO,Bu-¢ 25 NR 92
24b CO,Bu-t 25 8 80
24c CO,Bu-¢ 25 NR 94

*All reactions were carried out with 1.0 eq. of DABCO and 3.0 eq. of activated alkene with
respect to starting aldehyde under neat condition. "The reaction was pursued for longer periods
when no product formation was observed in 7 days. NR= no reaction

Acrylonitrile here too underwent Baylis-Hillman reaction at a better rate as compared to
other alkenes. With the objective to improve the reaction rates and yields, sonication was also
attempted but without any success. Additionally in a representative study the reactions of 20c
with acrylonitrile were performed using methanol and DMSO as the solvent. In the presence of
methanol though the reaction was clean only 18% of the product could be isolated after 96 h of
reaction time. On the contrary the reaction in DMSO led to formation of number of spots on
TLC, but a careful chromatography led to isolation of 38% of the Baylis-Hillman adduct and
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recovery of the 20% of the starting material. Further reaction of 20b with acrylonitrile in the
presence of trimethylamine under aqueous methanol furnished only 15% of the corresponding
adduct 21b even after 6 days of reaction time. These results provide further evidence that the
proximity of the heteroatom influence the reactivity of the formyl group for the Baylis-Hillman
reaction within a heterocyclic system. Similar to isoxazolecarbaldehydes, we speculate that the
lone pair of the heteroatom might be instrumental in eliminating the DABCO from the
intermediate.”™

It has been stated in the preceding text that within a heterocyclic system introduction of a
halo group on a carbon adjacent to the carbon bearing the formyl group (as for
pyridinecarbaldehydes) increases the reactivity of the formyl group for the Baylis-Hillman
reaction. In our objective to evaluate whether the introduction of a halo-substituent on the carbon
adjacent to the carbon containing the formyl has any positive effect on the reactivity of the
formyl group in pyrazole-3-carbaldehyde, compounds 25a-¢ were prepared by treatment of 7a-c
with iodine monochloride."* The choice of introducing the iodo group was governed by the well
documented synthetic utility of 4-iodo-pyrazoles for cross coupling protocols.'* Furthermore, the
Baylis-Hillman reaction on this substrate would yield products suitable for generating pyrazole-
annulated ring systems. It was pleasing to observe that the reaction of 25a-¢ with 1.5 equiv. of
acrylonitrile in the presence of 0.5 equiv. of DABCO was complete at a better rate compared to
other aldehydes (scheme 5).

Ph Ph, Ph,
N- - N-N i N—N
\ i N \ i ALY OH
I NN\ "~cHo | 7N\ "cHo e
_JR _SR =R
| NC
7a-c 25a-c .
aR=H 26a (6h, 92?)
b R= 4-Me 26b (2h, 820/0)
c R=4-Cl 26¢c (2h, 77%)

Scheme 5. Reagents and Conditions: 1) ICI, K,CO;, CHCls, rt, 18h; i) CH,CH=CN (1.5 eq.),
DABCO (0.5 eq.), rt.

Conclusions

In summary, our study provides further insight into the fact that within a heterocycle the formyl
group present on the carbon atom adjacent to the heteroatom has better reactivity for the Baylis-
Hillman reaction as compared to the formyl group which is present on the carbon away from the
heteroatom. Several pyrazole derivatives synthesized during the present study may serve as
useful starting material for generating new pyrazole derivatives including the pyrazole annulated
scaffolds. The work towards this objective is underway in our laboratory.
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Experimental Section

Melting points are uncorrected and were determined in capillary tubes in apparatus containing
silicon oil. IR spectra were recorded using a Perkin Elmer RX I FTIR spectrophotometer. 'H
NMR and *C NMR spectra were recorded on either a 300 or a 200 MHz FT spectrometer, using
TMS as an internal standard (chemical shifts in & values, J in Hz). The FABMS were recorded
on JEOL/ SX-102 spectrometers and ESMS were recorded on a Micromass LCMS system.
Elemental analyses were performed on a Carlo Erba 1108 microanalyzer or Elementar’s Vario
EL III microanalyzer.

General procedure for the Baylis-Hillman reaction- To a mixture of DABCO (for amount
refer to Table 1, 2 and 3) and appropriate alkene (for amount refer to Table 1, 2 and 3) that has
been stirred at r.t. for 20 min. was added appropriate aldehyde (5.3 mmol) under stirring and the
reaction was allowed to proceed for a period as indicated in Table 1, 2 or 3. Thereafter 5% aq.
HCI soln. (50 mL) was added to the reaction mixture to neutralize the base and extracted with
ethyl acetate (2x100 mL). The organic layers were combined, washed with brine (100 mL), dried
over anhyd. Na,SO4 and evaporated under vacuum to yield an oily residue. The residue was
purified by column chromatography over silica gel (60-120 mesh) using hexane: ethyl acetate as
eluent. A mixture of hexane: ethyl acetate (85:15, v/v) yielded the starting material while further
elution with 60:40 mixture furnished the desired products.

2-[(1,5-diphenyl-1H-pyrazol-3-yl)(hydroxy)methyl]acrylonitrile (9a). White solid, mp 119-
120 °C; vimax (KBr) 2224 (CN), 3259 (OH) cm™; '"H NMR (CDCls, 200 MHz) 8= 3.36 (d, 1H, J=
4.7 Hz, CHOH), 5.49 (d, 1H, J= 4.2 Hz, CHOH), 6.12 (s, 1H, =CH>), 6.25 (s, 1H, =CH,), 6.57
(s, 1H, =CH), 7.21-7.33 (m, 10H, ArH); mass (ES+) m/z= 302.2 (M'+1). Anal Calcd. for
Ci9H5N50; C, 75.73; H, 5.02; N, 13.94. Found C, 75.50; H, 5.18; N, 13.99.
2-{Hydroxy|5-(4-methylphenyl)-1-phenyl-1H-pyrazol-3-yl|methyl}acrylonitrile (9b). White
solid, mp 118-119 °C; Vinax (KBr) 2228 (CN), 3241 (OH) cm™; '"H NMR (CDCl;, 300 MHz) 8=
2.36 (s, 3H, CH3), 3.35 (brs, 1H, CHOH), 5.50 (s, 1H, CHOH), 6.13 (d, 1H, J= 1.2 Hz, =CH,),
6.27 (d, 1H, J= 1.2 Hz, =CH), 6.55 (s, 1H, =CH), 7.12 (s, 4H, ArH), 7.29-7.38 (m, 5H, ArH);
BC NMR (CDCl;, 75 MHz) 8= 21.7, 69.4, 105.4, 117.5, 125.6, 125.8, 127.3, 128.2, 129.0,
129.4, 129.6, 131.0, 139.0, 140.1, 145.4, 151.9; mass (ES+) m/z= 316.1 (M'+1). Anal Calcd. for
C0H17N30; C, 76.17; H, 5.43; N, 13.32. Found C, 76.38; H, 5.22; N, 13.30.
2-[[5-(4-chlorophenyl)-1-phenyl-1H-pyrazol-3-yl| (hydroxy)methyl]acrylonitrile (9¢). White
solid, mp 125-127 °C; vimax (KBr) 2228 (CN), 3241 (OH) cm™'; '"H NMR (CDCls, 300 MHz) 5=
3.18 (d, 1H, J=5.1 Hz, CHOH), 5.50 (d, 1H, J= 4.7 Hz, CHOH), 6.14 (d, 1H, J= 1.3 Hz, =CH,),
6.27 (d, 1H, J= 1.3 Hz, =CH,), 6.59 (s, 1H, =CH), 7.15-7.19 (m, 2H, ArH), 7.29-7.32 (m, 4H,
ArH), 7.36-7.40 (m, 3H, ArH); °C NMR (CDCls, 75 MHz) 8= 69.4, 105.8, 117.4, 125.4, 125.7,
128.6, 128.7, 129.3, 129.6, 130.4, 131.2, 135.2, 139.7, 144.0, 152.0; mass (ES+) m/z = 336.0
(M"+1). Anal Calcd. for C;oH4CIN;O; C, 67.96; H, 4.20; N, 12.51. Found C, 68.25; H, 4.18; N,
12.66.
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Methyl 2-[(1,5-diphenyl-1H-pyrazol-3-yl)(hydroxy)methyl]acrylate (10a). Yellow oil; Vpax
(Neat) 1720 (CO,Me), 3400 (OH) cm™; 'H NMR (CDCl;, 300 MHz) 8= 3.83 (s, 3H, CO,CHj3)
5.77 (s, 1H, CHOH), 6.08 (s, 1H, =CH,), 6.42 (s, 1H, =CH»), 6.51 (s, 1H, =CH), 7.21-7.32 (m,
10H, ArH); mass (ES+) m/z= 335.0 (M++l). Anal Calcd. for C,o0H1sN,Os; C, 71.84; H, 5.43; N,
8.38. Found C, 71.65; H, 5.48; N, 8.22.

Methyl 2-{hydroxy[5-(4-methylphenyl)-1-phenyl-1H-pyrazol-3-yljmethyl}acrylate (10b).
White solid, mp 119-121 °C; vy (KBr) 1720 (CO,Me), 3400 (OH) cm™; "H NMR (CDCl;, 300
MHz) &= 2.35 (s, 3H, CH3), 3.82 (s, 3H, CO,CH3), 5.76 (s, 1H, CHOH), 6.07 (d, 1H, J= 0.9,
=CH,), 6.41 (s, 1H, =CH,), 6.47 (s, 1H, =CH), 7.11 (s, 4H, ArH), 7.30-7.34 (m, 5H, ArH); °C
NMR (CDCls, 75 MHz) 6= 21.4, 52.1, 68.6, 105.6, 125.4, 126.6, 127.6, 128.7, 129.0, 129.3,
138.4, 140.1, 144.3, 153.8, 167.0; mass (ES+) m/z= 349.1 (M'+1). Anal Caled. for Cy;HyN,Os;
C, 72.40; H, 5.79; N, 8.04. Found C, 72.51; H, 5.76; N, 7.85.

Methyl 2-[[5-(4-chlorophenyl)-1-phenyl-1H-pyrazol-3-yl](hydroxy)methyl]acrylate (10c).
Yellow oil; vinax (Neat) 1721 (CO,Me), 3402 (OH) cm™ '"H NMR (CDCls, 300 MHz) 8= 3.51 (d,
1H, J= 6.3 Hz, CHOH), 3.83 (s, 3H, CO,CH3), 5.75 (d, 1H, J= 5.4 Hz, CHOH), 6.07 (s, 1H,
=CH,), 6.42 (s, 1H, =CH,), 6.51 (s, 1H, =CH), 7.14-7.17 (m, 2H, ArH), 7.27-7.38 (m, 7H, ArH);
BC NMR (CDCl;, 75 MHz) 8= 52.0, 68.5, 105.8, 116.2, 125.2, 126.5, 127.7, 128.7, 129.0,
129.9, 134.4, 139.6, 140.7, 142.8, 153.8, 166.8; mass (ES+) m/z= 368.9 (M'+1). Anal Calcd. for
Cy0H7CIN2O3; C, 65.13; H, 4.65; N, 7.60. Found C, 65.21; H, 4.89; N, 7.61.

Ethyl 2-[(1,5-diphenyl-1H-pyrazol-3-yl)(hydroxy)methyl]acrylate (11a). Yellow o0il; Vmax
(Neat) 1719 (CO,Et), 3292 (OH) cm™; "H NMR (CDCls, 200 MHz) 8= 1.30 (t, 3H, J= 7.2 Hz,
CH;CHa»), 3.70 (brs, 1H, CHOH), 4.26 (q, 2H, J= 7.2 Hz, CH,CH3), 5.75 (s, 1H, CHOH), 6.04
(s, 1H, =CH,), 6.40 (s, 1H, =CH,), 6.50 (s, 1H, =CH), 7.22-7.29 (m, 10H, ArH); °C NMR
(CDCls, 50 MHz) 6= 14.6, 61.4, 69.0, 106.2, 125.7, 126.7, 127.9, 128.7, 128.9, 129.1, 129.3,
130.8, 140.3, 141.5, 144.4, 154.2, 166.9; mass (ES+) m/z= 349.1 (M++1). Anal Calcd. for
C21H20N203; C, 72.40; H, 5.79; N, 8.04. Found C, 72.33; H, 5.90; N, 7.88.

Ethyl 2-{hydroxy[5-(4-methylphenyl)-1-phenyl-1H-pyrazol-3-yljmethyl}acrylate (11b).
Yellow oil; vinax (Neat) 1716 (CO5Et), 3447 (OH) cm™; 'TH NMR (CDCls, 300 MHz) 8= 1.30 (t,
3H, J= 7.2 Hz, CH3CH,), 2.06 (s, 3H, CHs), 4.26 (q, 2H, J= 7.2 Hz, CH,CH3), 5.75 (s, 1H,
CHOH), 6.05 (s, 1H, =CH,), 6.41 (s, 1H, =CH,), 6.50 (s, 1H, =CH), 7.12-7.15 (m, 2H, ArH),
7.25-7.28 (m, 4H, ArH), 7.32-7.36 (m, 3H, ArH); °C NMR (CDCls, 50 MHz) 8= 12.9, 19.8,
59.7, 67.2, 104.6, 124.1, 125.0, 126.5, 127.5, 127.8, 128.6, 133.1, 138.3, 139.7, 141.6, 152.7,
165.1; mass (ES+) m/z= 363.1 (M'+1). Anal Calcd. for C,,H»nN,03; C, 72.91; H, 6.12; N, 7.73.
Found C, 72.99; H, 6.13; N, 7.78.

Ethyl 2-[[5-(4-chlorophenyl)-1-phenyl-1H-pyrazol-3-yl](hydroxy)methyl]acrylate (11c).
White solid, mp 128-130 °C; Vinax (KBr) 1714 (CO,Et), 3402 (OH) cm™; '"H NMR (CDCls, 200
MHz) 6= 1.29 (t, 3H, J= 7.2 Hz, CH;CH,), 3.81 (brs, 1H, CHOH), 4.25 (q, 2H, J= 7.2 Hz,
CH,CH3), 5.73 (s, 1H, CHOH), 6.04 (s, 1H, =CH,), 6.40 (s, 1H, =CH>»), 6.49 (s, 1H, =CH), 7.13
(d, 2H, J= 8.6 Hz, ArH), 7.24-7.37 (m, 7H, ArH); C NMR (CDCls;, 50 MHz) 8= 14.6, 61.4,
69.0, 106.3, 125.7, 126.7, 127.4, 128.2, 129.2, 129.5, 130.3, 134.8, 140.0, 141.4, 143.2, 154.4,
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166.8; mass (ES+) m/z= 383.0 (M++1). Anal Calcd. for C,;H9CIN,O3; C, 65.88; H, 5.00; N,
7.32. Found C, 65.67; H, 5.11; N, 7.36.

tert-Butyl 2-[(1,5-diphenyl-1H-pyrazol-3-yl)(hydroxy)methyl]acrylate (12a). White solid; mp
124-126 °C; Vmax (KBr) 1715 (CO,CMes), 3448 (OH) cm™; 'H NMR (CDCls, 200 MHz) 8= 1.48
(s, 9H, CMej3), 3.70 (d, 1H, J= 6.7 Hz, CHOH), 5.72 (d, 1H, J= 6.7 Hz, CHOH), 5.93 (s, 1H,
=CH,), 6.30 (s, 1H, =CH,), 6.50 (s, 1H, =CH), 7.21-7.31 (s, 10H, ArH); >C NMR (CDCls, 50
MHz) 8= 28.5, 69.3, 82.0, 106.1, 125.7, 125.9, 127.8, 128.7, 128.9, 129.1, 129.3, 130.9, 140.4,
142.7, 144.4, 154.5, 166.2; mass (ES+) m/z= 377.0 (M'+1). Anal Calcd. for C,3H»N,0; C,
73.38; H, 6.43; N, 7.44. Found C, 73.21; H, 6.45; N, 7.59.

tert-Butyl 2-{hydroxy[5-(4-methylphenyl)-1-phenyl-1H-pyrazol-3-yljmethyl}acrylate (12b).
White solid, mp 116-118 °C; vy (KBr) 1710 (CO,CMe;), 3436 (OH) cm™; "H NMR (CDCl,
300 MHz) 6= 1.50 (s, 9H, CMes), 2.35 (s, 3H, CH3), 3.57 (d, 1H, J= 6.6 Hz, CHOH), 5.69 (d,
1H, J= 6.1 Hz, CHOH), 5.94 (s, 1H, =CH,), 6.31 (s, 1H, =CH,), 6.48 (s, 1H, =CH), 7.12 (s, 4H,
ArH)), 7.29-7.36 (m, SH, ArH); mass (ES+) m/z= 391.0 (M"+1). Anal Calcd. for C4H,6N-O3; C,
73.82; H, 6.71; N, 7.17. Found C, 73.81; H, 6.76; N, 7.28.

tert-Butyl 2-[[5-(4-chlorophenyl)-1-phenyl-1H-pyrazol-3-yl](hydroxy)methyl]acrylate (12c).
White solid, mp 123-125 °C; Vi (KBr) 1710 (CO,CMe;), 3418 (OH) cm™; "H NMR (CDCl,
200 MHz) 6= 1.48 (s, 9H, CMey»), 3.69 (d, 1H, J= 6.6 Hz, CHOH), 5.67 (d, 1H, J= 6.6 Hz,
CHOH), 5.93 (s, 1H, =CH»), 6.30 (s, 1H, =CH,), 6.50 (s, 1H, =CH), 7.13 (d, 2H, J= 8.2 Hz,
ArH)), 7.24-7.32 (m, 7H, ArH); °C NMR (CDCls, 50 MHz) 8= 28.5, 69.3, 82.0, 106.2, 125.7,
126.0, 128.1, 129.2, 129.4, 130.3, 134.8, 140.1, 142.5, 143.2, 154.6, 166.2; mass (ES+) m/z=
410.9 (M++1). Anal Calcd. for C»3Hp3CIN,O3; C, 67.23; H, 5.64; N, 6.82. Found C, 67.14; H,
5.69; N, 6.90.

2-[(1,5-diphenyl-1H-pyrazol-3-yl)(hydroxy)methyl]cyclohex-2-en-1-one (13a). White solid,
mp 82-85 °C; Vimax (KBr) 1659 (=C-CO), 3402 (OH) cm™; "H NMR (CDCl;, 200 MHz) 8= 1.98-
2.17 (m, 2H, CH,), 2.41-2.55 (m, 4H, 2xCH,), 3.90 (brs, 1H, CHOH), 5.70 (s, 1H, CHOH), 6.52
(s, 1H, =CH), 7.05 (t, 1H, J= 3.8 Hz, =CH), 7.19 (m, 10H, ArH); *C NMR (CDCls, 50 MHz) 5=
22.9,26.2,39.0, 68.8, 106.4, 125.7, 127.8, 128.7, 128.8, 129.1, 129.3, 130.8, 140.1, 140.4, 144 .4,
148.0, 154.5, 200.9; mass (ES+) m/z= 345.1 (M'+1). Anal Calcd. for C,,H,0N,O,; C, 76.72; H,
5.85; N, 8.13. Found C, 76.65; H, 5.64; N, 8.31.
2-{Hydroxy[5-(4-methylphenyl)-1-phenyl-1H-pyrazol-3-yljmethyl}cyclohex-2-en-1-one
(13b). Yellow 0il; vinax (Neat) 1668 (=C-CO), 3402 (OH) cm™; '"H NMR (CDCl;, 200 MHz) 8=
2.00-2.10 (m, 2H, CH,), 2.33 (s, 3H, CHs3), 2.41-2.54 (m, 4H, 2xCH,), 3.91 (brs, 1H, CHOH),
5.69 (s, 1H, CHOH), 6.48 (s, 1H, =CH), 7.03-7.09 (m, 5SH, =CH and ArH), 7.30-7.32 (s, 5H,
ArH); mass (ES+) m/z= 359.0 (M'+1). Anal Calcd. for C23H,,N,0,; C, 77.07; H, 6.19; N, 7.82.
Found C, 76.92; H, 6.33; N, 7.87.
2-[[5-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-3-yl](hydroxy)methyl]cyclohex-2-en-1-one
(13¢). White solid, mp 149-151 °C; vimax (KBr) 1668 (=C-CO), 3402 (OH) cm™; '"H NMR
(CDCls, 200 MHz) 6= 1.97-2.09 (m, 2H, CH,), 2.40-2.54 (m, 4H, 2xCH,), 3.96 (brs, 1H,
CHOH), 5.68 (s, IH, CHOH), 6.52 (s, 1H, =CH), 7.05 (t, 1H, J= 3.8 Hz, =CH), 7.11-7.35 (m,

ISSN 1424-6376 Page 195 ©ARKAT USA, Inc.



General Papers ARKIVOC 2007 (xiv) 185-203

9H, ArH); °C NMR (CDCls, 50 MHz) 8= 22.9, 26.2, 39.0, 68.9, 106.5, 125.7, 128.1, 129.1,
129.3, 129.4, 130.3, 134.7, 140.1, 143.1, 148.1, 154.7, 200.9; mass (ES+) m/z= 379.0 (M'+1).
Anal Calcd. for C,,H9CIN,O»; C, 69.75; H, 5.05; N, 7.39. Found C, 69.77; H, 4.95; N, 7.50.
2-[(1,3-Diphenyl-1H-pyrazol-5-yl)(hydroxy)methyl]acrylonitrile (14a). White solid, mp 155-
157 °C; Vinax (KBr) 2228 (CN), 3404 (OH) cm™; 'H NMR (CDCls, 300 MHz) 8= 2.80 (d, 1H, J=
5.7 Hz, CHOH), 5.34 (d, 1H, J= 3.8 Hz, CHOH), 6.11 (d, 2H, J= 0.6 Hz, =CH,), 6.83 (s, 1H,
=CH), 7.36-7.48 (m, 8H, ArH), 7.85 (d, 2H, J = 8.0 Hz, ArH); mass (ES+) m/z= 302.3 (M'+1).
Anal Calcd. for C19H5sN5O; C, 75.73; H, 5.02; N, 13.94. Found 75.77; H, 4.88; N, 14.02.
2-{Hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-5-yl|methyl}acrylonitrile (14b).
White solid, mp 133-135 °C; vmax (KBr) 2227 (CN), 3218 (OH) cm™; '"H NMR (CDCl;, 300
MHz) 6= 2.40 (s, 3H, CHs), 2.95 (d, 1H, J= 5.0 Hz, CHOH), 5.30 (s, 1H, CHOH), 6.07 (s, 1H,
=CH,), 6.08 (d, 1H, J= 1.5 Hz, =CH,), 6.77 (s, 1H, =CH), 7.23-7.28 (m, 3H, ArH), 7.46-7.52 (m,
4H, ArH), 7.86 (d, 2H, J= 8.0 Hz, ArH); °C NMR (CDCl;, 50 MHz) 8= 21.7, 66.0, 104.2,
117.0, 124.3, 126.1, 126.2, 129.2, 129.8, 131.3, 138.7, 139.2, 142.8, 152.6; mass (ES+) m/z=
316.3 (M'+1). Anal Calcd. for Co0H;7N;0; C, 76.17; H, 5.43; N, 13.32. Found 76.28; H, 5.44; N,
13.20.

2-[[3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-5-yl](hydroxy)methyl]acrylonitrile (14c¢).
White solid, mp 142-144 °C; vy (KBr) 2230 (CN), 3332 (OH) cm™; 'TH NMR (CDCls, 300
MHz) 6= 2.60 (brs, 1H, CHOH), 5.37 (s, 1H, CHOH), 6.12 (s, 1H, =CH,), 6.13 (d, 1H, J=1.1
Hz, =CH.,), 6.82 (s, 1H, =CH), 7.38-7.61 (m, 7H, ArH), 7.81 (d, 2H, J= 8.4 Hz, ArH); °’C NMR
(CDCl3, 50 MHz) 6= 66.0, 104.3, 116.9, 124.2, 126.1, 127.5, 129.3, 129.5, 129.9, 131.2, 131.5,
134.6, 139.0, 143.1, 151.4; mass (ES+) m/z= 336.2 (M++1). Anal Calcd. for C9H4CIN;0O; C,
67.96; H, 4.20; N, 12.51. Found C, 68.11; H, 4.27; N, 12.44.

Methyl 2-[(1,3-diphenyl-1H-pyrazol-5-yl)(hydroxy)methyl]acrylate (15a)- White solid, mp
99-101 °C; Vimax (KBr) 1720 (CO,Me), 3411 (OH) cm™'; "H NMR (CDCl3, 300 MHz) 8= 2.95 (d,
1H, J= 4.8 Hz, CHOH), 3.74 (s, 3H, CO,CH3), 5.64 (d, 1H, J= 3.8 Hz, CHOH), 5.99 (s, 1H,
=CH,), 6.42 (s, 1H, =CH,), 6.67 (s, 1H, =CH), 7.33-7.67 (m, 8H, ArH), 7.82-7.90 (m, 2H, ArH);
mass (ES+) m/z=335.2 (M++1). Anal Calcd. for Cy0H3N,O3; C, 71.84; H, 5.43; N, 8.38. Found
C, 71.90; H, 5.33; N, 8.38.

Methyl 2-{hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-5-yljmethyl}acrylate (15b).
White solid, mp 105-108 °C; vVpax (KBr) 1720 (CO,Me), 3407 (OH) cm™; 'TH NMR (CDCls, 300
MHz) 6= 2.39 (s, 3H, CH3), 2.95 (brs, 1H, CHOH), 3.74 (s, 3H, CO,CH3), 5.64 (s, 1H, CHOH),
5.99 (s, IH, =CH»), 6.41 (s, 1H, =CH,), 6.64 (s, 1H, =CH), 7.22 (d, 2H, J= 8.0 Hz, ArH), 7.44-
7.54 (m, 3H, ArH), 7.65 (d, 2H, J= 8.0 Hz, ArH), 7.76 (d, 2H, J= 8.0 Hz, ArH); mass (ES+) m/z=
349.3 (M'+1). Anal Calcd. for C2;Hy0N,0s3; C, 72.40; H, 5.79; N, 8.04. Found C, 72.68; H, 5.55;
N, 7.91.

Methyl 2-[[3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-5-yl|(hydroxy)methyl]acrylate (15c).
Yellow 0il; vimex (Neat) 1719 (CO,Me), 3336 (OH) cm™'; "H NMR (CDCl;, 300 MHz) 8= 2.88
(d, 1H, J= 5.2 Hz, CHOH), 3.75 (s, 3H, CO,CHs), 5.64 (d, 1H, J= 2.3 Hz, CHOH), 5.98 (s, 1H,
=CH,), 6.42 (s, 1H, =CH,), 6.64 (s, 1H, =CH), 7.36-7.40 (m, 2H, ArH), 7.44-7.56 (m, SH, ArH),
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7.80 (d, 2H, J= 8.0 Hz, ArH); >C NMR (CDCl;, 75 MHz) 8= 52.3, 65.0, 103.3, 125.8, 126.3,
127.2, 128.7, 128.9, 129.5, 131.6, 133.9, 139.5, 140.5, 145.1, 150.7, 166.3; mass (ES+) m/z=
369.2 (M'+1). Anal Caled. for CoH;7CIN,O3; C, 65.13; H, 4.65; N, 7.60. Found C, 65.01; H,
4.88; N, 7.51.

Ethyl 2-[(1,3-diphenyl-1H-pyrazol-5-yl)(hydroxy)methyl]acrylate (16a). White solid, mp
118-120 °C; Vinax (KBr) 1713 (CO,Et), 3421 (OH) cm™; 'H NMR (CDCl3, 200 MHz) 5= 1.21 (t,
3H, J= 7.1 Hz, CH5CH»), 2.91 (d, 1H, J= 6.7 Hz, CHOH), 4.17 (q, 2H, J= 7.1 Hz, CH,CH,),
5.62 (d, 1H, J= 6.7 Hz, CHOH), 5.96 (s, 1H, =CH,), 6.40 (s, 1H, =CH,), 6.65 (s, 1H, =CH),
7.31-7.51 (m, 6H, ArH), 7.63-7.67 (dd, 2H, J,= 1.2 Hz, J,= 8.0 Hz, ArH), 7.85 (d, 2H, J= 8.0
Hz, ArH); °C NMR (CDCl;, 50 MHz) 8= 14.5, 61.5, 65.2, 103.6, 125.9, 126.2, 128.4, 128.7,
129.0, 129.7, 133.3, 139.8, 141.1, 145.1, 152.0, 166.1; mass (ES+) m/z= 349.2 (M'+1). Anal
Calcd. for C;HyoN,Os3; C, 72.40; H, 5.79; N, 8.04. Found C, 72.22; H, 5.85; N, 7.84.

Ethyl 2-{hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-5-yllmethyl}acrylate (16b).
Yellow 0il; vinax (Neat) 1713 (CO,Et), 3381 (OH) cm™; "H NMR (CDCls, 200 MHz) 8= 1.21 (t,
3H, J=7.2 Hz, CH;CHa), 2.40 (s, 3H, CHs), 2.90 (d, 1H, J= 6.7 Hz, CHOH), 4.16 (q, 2H, J=7.2
Hz, CH,CH3), 5.62 (d, 1H, J= 6.3 Hz, CHOH), 5.96 (s, 1H, =CH»), 6.40 (s, 1H, =CH,), 6.62 (s,
1H, =CH), 7.20 (d, 2H, J= 8.0 Hz, ArH), 7.44-7.54 (m, 3H, ArH), 7.62-7.67 (m, 2H, ArH), 7.73
(d, 2H, J= 8.0 Hz, ArH); mass (ES+) m/z= 363.3 (M++1). Anal Calcd. for C»,H,,N,03.H,O; C,
69.46; H, 6.36; N, 7.36. Found C, 69.28; H, 6.35; N, 7.15.

Ethyl 2-[[3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-5-yl](hydroxy)methyl]acrylate (16c¢).
Yellow 0il; Vinax (Neat) 1718 (CO,Et), 3356 (OH) cm™; '"H NMR (CDCls, 200 MHz) 8= 1.19 (t,
3H, J= 7.2 Hz, CH5CH>»), 3.12 (d, 1H, J= 5.3 Hz, CHOH), 4.14 (q, 2H, J= 7.2 Hz, CH,CH,),
5.57 (d, 1H, J= 5.4 Hz, CHOH), 5.93 (s, 1H, =CH>), 6.38 (s, 1H, =CH»), 6.58 (s, 1H, =CH), 7.34
(d, 2H, J= 8.0 Hz, ArH), 7.42-7.51 (m, 3H, ArH), 7.59-7.63 (dd, 2H, J,= 1.4 Hz, J,= 8.0 Hz,
ArH), 7.75 (d, 2H, J= 8.0 Hz, ArH); °C NMR (CDCls, 50 MHz) 8= 14.5, 61.6, 65.3, 103.5,
125.9, 126.3, 127.4, 128.9, 129.2, 129.7, 131.8, 134.1, 139.7, 140.9, 145.3, 150.9, 166.1; mass
(ES+) m/z=383.2 (M'+1). Anal Calcd. for C,;H,9CIN,O3; C, 65.88; H, 5.00; N, 7.32. Found C,
65.74; H, 5.20; N, 7.45.

tert-Butyl Ethyl 2-[(1,3-diphenyl-1H-pyrazol-5-yl)(hydroxy)methyl]acrylate (17a). White
solid, mp 167-169 °C; Viax (KBr) 1718 (CO,CMes), 3422 (OH) cm™; '"H NMR (CDCls, 300
MHz) 6= 1.40 (s, 9H, CMe»), 2.97 (d, 1H, J= 7.1 Hz, CHOH), 5.58 (d, 1H, J= 7.1 Hz, CHOH),
5.88 (s, 1H, =CHy»), 6.33 (s, 1H, =CH,), 6.67 (s, 1H, =CH), 7.33-7.51 (m, 6H, ArH), 7.69 (d, 2H,
J=18.0 Hz, ArH), 7.87 (d, 2H, J= 8.0 Hz, ArH); *C NMR (CDCls, 50 MHz) 8= 28.4, 65.4, 82.3,
103.7, 125.5, 125.7, 126.2, 128.4, 128.6, 129.0, 129.6, 133.3, 139.9, 142.3, 145.3, 152.0, 165.4;
mass (ES+) m/z= 377.1 (M'+1). Anal Calcd. for C,3H24N,O3; C, 73.38; H, 6.43; N, 7.44. Found
C,73.51; H, 6.44; N, 7.31.

tert-Butyl 2-{hydroxy|3-(4-methylphenyl)-1-phenyl-1H-pyrazol-5-yllmethyl}acrylate (17b).
Yellow 0il; Vi (Neat) 1719 (CO,CMes), 3425 (OH) cm™; 'H NMR (CDCls, 300 MHz) 8= 1.40
(s, 9H, CMes), 2.39 (s, 3H, CH3), 2.95 (d, 1H, J= 7.1 Hz, CHOH), 5.57 (d, 1H, J= 7.1 Hz,
CHOH), 5.88 (s, 1H, =CH»), 6.33 (s, 1H, =CH>), 6.63 (s, 1H, =CH), 7.26 (d, 2H, J= 8.0 Hz,

ISSN 1424-6376 Page 197 ©ARKAT USA, Inc.



General Papers ARKIVOC 2007 (xiv) 185-203

ArH), 7.43-7.54 ( m, 3H, ArH), 7.66-7.77 (m, 4H, ArH); mass (ES+) m/= 391.1 (M'+1). Anal
Calcd. for C,4Hy6N-O3.H,0; C, 70.57; H, 6.91; N, 6.86. Found C, 70.57; H, 6.91; N, 6.86.
tert-Butyl 2-[[3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-5-yl](hydroxy)methyl]acrylate (17c).
Yellow oil; vimax (Neat) 1705 (CO,CMes), 3444 (OH) cm™; 'H NMR (CDCls, 200 MHz) 8= 1.36
(s, 9H, CMes), 3.16 (brs, 1H, CHOH), 5.51 (s, 1H, CHOH), 5.85 (s, 1H, =CH,), 6.30 (s, 1H,
=CH,), 6.59 (s, 1H, =CH), 7.33-7.49 ( m, 5SH, ArH), 7.63-7.67 (dd, 2H, J,= 1.2 Hz, J,= 8.2 Hz,
ArH), 7.76 (d, 2H, J= 8.4 Hz, ArH); °C NMR (CDCls, 50 MHz) &= 28.4, 65.5, 82.4, 103.6,
125.7, 127.4, 128.8, 129.2, 129.7, 131.9, 134.1, 139.7, 142.2, 145.5, 150.9, 165.4; mass (ES+)
m/z= 411.0 (M'+1). Anal Caled. for Co3H,3CIN,O3; C, 67.23; H, 5.64; N, 6.82. Found C, 67.01;
H, 5.78; N, 6.71.

3-[(1,3-Diphenyl-1H-pyrazol-5-yl)(hydroxy)methyl|but-3-en-2-one (18a). Yellow 0il; Vmax
(Neat) 1665 (=C-CO), 3401 (OH) cm™; "H NMR (CDCls, 200 MHz) 8= 2.35 (s, 3H, CH3), 3.01
(d, 1H, J= 6.0 Hz, CHOH), 5.68 (d, 1H, J= 5.4 Hz, CHOH), 6.10 (s, 1H, =CH>), 6.23 (s, 1H,
=CH,), 6.62 (s, 1H, =CH), 7.30-7.54 (m, 6H, ArH), 7.62 (d, 2H, J= 7.8 Hz, ArH), 7.84 (d, 2H,
J= 7.8 Hz, ArH); mass (ES+) m/z= 319.3 (M++1). Anal Calcd. for C,0H1sN,O,; C, 75.45; H,
5.70; N, 8.80. Found C, 75.34; H, 5.73; N, 8.86.
3-{Hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-5-yljmethyl}but-3-en-2-one (18b).
Yellow oil; Vmax (Neat) 1675 (=C-CO), 3383 (OH) cm™; '"H NMR (CDCls, 200 MHz) 8= 2.35 (s,
3H, CHs), 2.37 (s, 3H, CH3), 2.98 (d, 1H, J= 4.4 Hz, CHOH), 5.67 (d, 1H, J= 4.4 Hz, CHOH),
6.10 (s, IH, =CH»), 6.24 (s, 1H, =CH,), 6.59 (s, 1H, =CH), 7.20 (d, 2H, J= 8.0 Hz, ArH), 7.44-
7.53 (m, 3H, ArH), 7.62 (dd, 2H, J,= 1.7 Hz, J,= 8.0 Hz, ArH), 7.73 (d, 2H, J= 8.0 Hz, ArH);
mass (ES+) m/z= 333.3 (M++1), 3343 (M++2). Anal Calcd. for C,1HyN,O5; C, 75.88; H, 6.06;
N, 8.43. Found C, 75.95; H, 6.14; N, 8.59.
3-[[3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-5-yl](hydroxy)methyl|but-3-en-2-one ~ (18c).
Yellow 0il; Vmax (Neat) 1665 (=C-CO), 3339 (OH) cm™; 'H NMR (CDCl;, 300 MHz) 8= 2.38 (s,
3H, CHj3), 5.69 (s, IH, CHOH), 6.13 (s, 1H, =CH,), 6.26 (s, 1H, =CH>»), 6.61 (s, 1H, =CH), 7.38
(d, 2H, J= 8.4 Hz, ArH), 7.45-7.55 (m, 3H, ArH), 7.63 (d, 2H, J= 8.4 Hz, ArH), 7.79 (d, 2H, J=
8.4 Hz, ArH); mass (ES+) m/z= 353.3 (M'+1), 355.2 (M'+3). Anal Calcd. for CyH;7CIN,O,; C,
68.09; H, 4.86; N, 7.94. Found C, 67.88; H, 4.77; N, 8.09.
2-[(1,3-Diphenyl-1H-pyrazol-5-yl)(hydroxy)methyl]|cyclohex-2-en-1-one (19a). Yellow oil;
vinax (Neat) 1668 (=C-CO), 3402 (OH) cm™'; '"H NMR (CDCls, 300 MHz) 8= 1.96-2.01 (m, 2H,
CH,), 2.35-2.40 (m, 2H, CH»), 2.43-2.49 (m, 2H, CH,), 3.47 (brs, 1H, CHOH), 5.63 (s, 1H,
CHOH), 6.73 (s, 1H, =CH), 6.82 (t, 1H, J= 4.5 Hz, =CH), 7.30-7.70 (m, 8H, ArH), 7.88 (d, 2H,
J=8.4 Hz, ArH); mass (ES+) m/z=379.8 (M'+1). Anal Calcd. for C2,H,N,0,.H,0; C, 72.91; H,
6.12; N, 7.73. Found C, 73.07; H, 5.92; N, 7.60.
2-{Hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-5-yljmethyl}cyclohex-2-en-1-one
(19b). White solid, mp 130-133 °C; viax (KBr) 1668 (=C-CO), 3418 (OH) cm; '"H NMR
(CDCl3, 300 MHz) 6= 1.94-2.02 (m, 2H, CH3), 2.35-2.39 (m, 5H, CH; and CH3), 2.43-2.49 (m,
2H, CH,), 5.62 (s, 1H, CHOH), 6.69 (s, 1H, =CH), 6.81 (t, 1H, J= 4.0 Hz, =CH), 7.22 (d, 2H, J=
8.0 Hz, ArH), 7.33-7.52 (m, 3H, ArH), 7.56-7.60 (m, 2H, ArH), 7.76 (d, 2H, J= 8.0 Hz, ArH);
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mass (ES+) m/z= 359.3 (M++1), 360.3 (M++2). Anal Calcd. for C»3H,,N,0,.H,O; C, 73.38; H,
6.43; N, 7.44. Found C, 73.58; H, 6.29; N, 7.53.
2-[[3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-5-yl](hydroxy)methyl]cyclohex-2-en-1-one
(19¢). Yellow 0il; vimex (Neat) 1668 (=C-CO), 3377 (OH) cm™; 'H NMR (CDCl;, 200 MHz) 8=
1.88-2.00 (m, 2H, CH»), 2.30-2.45 (m, 4H, 2xCH,), 3.67 (brs, 1H, CHOH), 5.56 (s, |H, CHOH),
6.65 (s, 1H, =CH), 6.79 (t, 1H, J= 3.9 Hz, =CH), 7.33-7.56 (m, 7H, ArH), 7.77 (d, 2H, J= 8.5
Hz, ArH); >C NMR (CDCl;, 50 MHz) 8= 22.8, 26.1, 38.8, 65.6, 103.7, 126.1, 127.4, 128.9,
129.2, 129.7, 131.9, 134.0, 138.9, 139.9, 145.9, 148.4, 150.9, 200.2; mass (ES+) m/z= 379.3
(M'+1), 381.2 (M'+3). Anal Calcd. for C5,H9CIN,0,.H,0; C, 66.58; H, 5.33; N, 7.06. Found C,
66.40; H, 5.21; N, 6.87.

2-[(1,3-Diphenyl-1H-pyrazol-4-yl)(hydroxy)methyl]acrylonitrile (21a). White solid, mp 114-
116 °C; Vinax (KBr) 2226 (CN), 3437 (OH) cm™; '"H NMR (CDCl3, 300 MHz) 8= 2.47 (d, 1H, J=
4.7 Hz, CHOH), 5.51 (d, 1H, J=3.5 Hz, CHOH), 6.11 (d, 1H, J= 1.1 Hz, =CH>), 6.16 (d, 1H, J=
1.1 Hz, =CH,), 7.32-7.37 (m, 1H, ArH), 7.44-7.52 (m, 5H, ArH), 7.73-7.79 (m, 4H, ArH), 8.09
(s, 1H, =CH); mass (ES+) m/z= 302.3 (M'+1). Anal Calcd. for C;oH5sN;0; C, 75.73; H, 5.02; N,
13.94. Found C, 75.78; H, 5.11; N, 13.68.
2-{Hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-4-yljmethyl}acrylonitrile (21b).
White solid, mp 140-142 °C; vpax (KBr) 2226 (CN), 3266 (OH) cm™; '"H NMR (CDCls, 200
MHz) 6= 2.41 (s, 3H, CH3), 2.80 (brs, 1H, CHOH, replaceable by D,0), 5.47 (s, 1H, CHOH),
6.07 (d, 1H, J= 1.1 Hz, =CH,), 6.13 (d, 1H, J= 1.4 Hz, =CH,), 7.24-7.50 (m, 5H, ArH), 7.62 (d,
2H, J= 8.0 Hz, ArH), 7.73 (d, 2H, J= 8.0 Hz, ArH), 8.07 (s, 1H, =CH); >C NMR (CDCls, 50
MHz) 6= 21.7, 66.7, 117.6, 119.7, 120.5, 126.0, 127.3, 127.4, 128.6, 129.8, 129.9, 130.8, 138.9,
140.0, 152.1; mass (ES+) m/z= 330.3 (M'+1). Anal Calcd. for C,0H;7N30; C, 76.17; H, 5.43; N,
13.32. Found C, 76.02; H, 5.48; N, 13.29.
2-[[3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl](hydroxy)methyl]acrylonitrile (21¢).
White solid, mp 97-99 °C; vinax (KBr) 2227 (CN), 3483 (OH) cm™; "H NMR (CDCls, 200 MHz)
0= 2.56 (brs, 1H, CHOH), 5.44 (s, 1H, CHOH), 6.09 (d, 1H, J= 1.2 Hz, =CH,), 6.15 (d, 1H, J=
1.2 Hz, =CH,), 7.29-7.51 (m, 5H, ArH), 7.65-7.74 (m, 4H, ArH), 8.05 (s, 1H, =CH); mass (ES+)
m/z= 336.3 (M'+1), 338.3 (M'+3). Anal Calcd. for C;oH4CIN;O; C, 67.96; H, 4.20; N, 12.51.
Found C, 68.13; H, 4.37; N, 12.52.

Methyl 2-[(1,3-diphenyl-1H-pyrazol-4-yl)(hydroxy)methyl]acrylate (22a)- Yellow o0il; Vax
(Neat) 1718 (CO,Me), 3418 (OH) cm™'; 'H NMR (CDCls, 200 MHz) 8= 3.01 (brs, 1H, CHOH),
3.77 (s, 3H, CO,CH3), 5.81 (s, 1H, CHOH), 591 (s, 1H, =CH,), 6.36 (s, 1H, =CH>), 7.38-7.49
(m, 5SH, ArH), 7.73-7.79 (m, 5H, ArH), 7.97 (s, 1H, =CH); mass (ES+) m/z= 335.2 (M'+1). Anal
Calcd. for C,0H1sN>Os; C, 71.84; H, 5.43; N, 8.38. Found C, 72.09; H, 5.49; N, 8.45.

Methyl 2-{hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-4-yllmethyl}acrylate (22b).
White solid, mp 70-72 °C; Vinax (KBr) 1720 (CO,Me), 3382 (OH) cm™'; 'H NMR (CDCl;, 200
MHz) 6= 2.40 (s, 3H, CH3), 2.80 (brs, 1H, CHOH), 3.77 (s, 3H, CO,CH3), 5.80 (s, 1H, CHOH),
5.90 (s, 1H, =CHa»), 6.35 (s, 1H, =CH,), 7.23-7.31 (m, 3H, ArH), 7.41-7.49 (m, 2H, ArH), 7.66
(d, 2H, J= 8.0 Hz, ArH), 7.74 (d, 2H, J= 8.0 Hz, ArH), 7.95 (s, 1H, =CH); mass (ES+) m/z=
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349.2 (M++1). Anal Calcd. for C, Hy0N,05; C, 72.40; H, 5.79; N, 8.04. Found C, 72.32; H, 5.53;
N, 8.28.

Methyl 2-[[3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl|(hydroxy)methyl]acrylate (22c).
White solid, mp 128-130 °C; Vmax (KBr) 1719 (CO,Me), 3422 (OH) cm™; '"H NMR (CDCl;, 200
MHz) &= 2.95 (brs, 1H, CHOH), 3.79 (s, 3H, CO,CH3), 5.78 (s, 1H, CHOH), 5.92 (s, 1H,
=CH,), 6.38 (s, 1H, =CH,), 7.29-7.34 (m, 1H, ArH), 7.42-7.50 (m, 4H, ArH), 7.72-7.80 (m, 4H,
ArH), 7.95 (s, 1H, =CH); mass (ES+) m/z= 369.2 (M'+1). Anal Calcd. for CH;7CIN,O3; C,
65.13; H, 4.65; N, 7.60. Found C, 64.88; H, 4.50; N, 7.71.

Ethyl 2-{hydroxy[3-(4-methylphenyl)-1-phenyl-1H-pyrazol-4-yllmethyl}acrylate (23b).
Yellow 0il; Vinay (Neat) 1712 (CO,Et), 3428 (OH) cm™; 'H NMR (CDCls, 200 MHz) 8= 1.26 (t,
3H, J= 7.2 Hz, CH;CH,), 2.40 (s, 3H, CH3), 4.22 (q, 2H, J= 7.2 Hz, CH,CH3), 5.79 (s, 1H,
CHOH), 5.88 (s, 1H, =CH,), 6.34 (s, 1H, =CH,), 7.23-7.36 (m, 3H, ArH), 7.40-7.48 (m, 2H,
ArH), 7.66 (d, 2H, J= 8.0 Hz, ArH), 7.73 (d, 2H, J= 8.0 Hz, ArH), 7.95 (s, 1H, =CH); mass
(ES+) m/z= 363.2 (M'+1). Anal Calcd. for C;,H,,N,O3; C, 72.91; H, 6.12; N, 7.73. Found C,
73.12; H, 5.94; N, 7.77.

Ethyl 2-[[3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl|(hydroxy)methyl]acrylate (23c).
White solid, mp 99-102 °C; vmax (KBr) 1715 (CO,Et), 3399 (OH) cm™; 'H NMR (CDCl;, 200
MHz) 6= 1.27 (t, 3H, J= 7.2 Hz, CH3CH,), 3.06 (brs, 1H, CHOH), 4.22 (q, 2H, J= 7.2 Hz,
CH,CH3), 5.76 (s, 1H, CHOH), 5.88 (s, 1H, =CH>), 6.36 (s, 1H, =CH,), 7.30-7.33 (m, 1H, ArH),
7.39-7.50 (m, 4H, ArH), 7.71-7.77 (m, 4H, ArH), 7.95 (s, 1H, =CH); mass (ES+) m/z= 383.2
(M'+1), 385.2 (M"+3). Anal Calcd. for C,;H;9CIN,O3; C, 65.88; H, 5.00; N, 7.32. Found C,
66.06; H, 5.23; N, 7.15.

tert-Butyl 2-{hydroxy|3-(4-methylphenyl)-1-phenyl-1H-pyrazol-4-yljmethyl}acrylate (24b).
Yellow 0il; vinex (Neat) 1709 (CO,Et), 3407 (OH) cm™; 'H NMR (CDCls, 200 MHz) 8= 1.43 (s,
9H, CCHs), 2.40 (s, 3H, CH3), 3.10 (brs, 1H, CHOH), 5.72 (s, 1H, CHOH), 5.80 (s, 1H, =CH,),
6.26 (s, 1H, =CH,), 7.23-7.75 (m, 9H, ArH), 7.94 (s, 1H, =CH); mass (ES+) m/z= 391.1 (M'+1).
Anal Calcd. for C24H26N,03; C, 73.82; H, 6.71; N, 7.17. Found C, 73.88; H, 6.64; N, 6.98.
2-[Hydroxy(4-iodo-1,5-diphenyl-1H-pyrazol-3-yl)methyl]acrylonitrile (26a)- White solid, mp
148-150 °C; Vinax (KBr) 2229 (CN), 3398 (OH) cm™; "H NMR (CDCls, 300 MHz) 8= 3.43 (brs,
1H, CHOH), 5.49 (s, 1H, CHOH), 6.18 (d, 1H, J= 1.1 Hz, =CHa>), 6.30 (d, 1H, J= 1.1 Hz, =CH,),
7.20-7.33 (m, 7H, ArH), 7.34-7.39 (m, 3H, ArH); °C NMR (CDCls, 75 MHz) 8= 63.0, 69.6,
116.9, 124.4, 124.9, 128.1, 128.7, 129.0, 129.3, 129.5, 130.4, 131.7, 139.6, 145.6, 151.3; mass
(ES+) m/z= 428.0 (M'+1). Anal Calcd. for C;oH4N30; C, 53.41; H, 3.30; N, 9.84. Found C,
53.25; H, 3.15; N, 10.07.
2-{Hydroxy[4-iodo-5-(4-methylphenyl)-1-phenyl-1H-pyrazol-3-ylmethyl}acrylonitrile
(26b). White solid, mp 150-152 °C; Vinax (KBr) 2229 (CN), 3405 (OH) cm™'; '"H NMR (CDCl;,
300 MHz) 6= 2.40 (s, 3H, CH3), 3.35 (d, 1H, J= 7.2 Hz, CHOH), 5.48 (d, 1H, J= 7.2 Hz,
CHOH), 6.19 (d, 1H, J= 1.0 Hz, =CH>), 6.30 (d, 1H, J= 1.0 Hz, =CH), 7.15-7.33 (m, 9H, ArH);
mass (ES+) m/z= 442.0 (M++1). Anal Calcd. for Cy0H4IN3O; C, 54.44; H, 3.65; N, 9.52. Found
C, 54.40; H, 3.69; N, 9.73.

ISSN 1424-6376 Page 200 ©ARKAT USA, Inc.



General Papers ARKIVOC 2007 (xiv) 185-203

2-[[5-(4-Chlorophenyl)-4-iodo-1-phenyl-1H-pyrazol-3-yl](hydroxy)methyl]acrylo-nitrile
(26¢). White solid, mp 148-151 °C; vimax (KBr) 2231 (CN), 3406 (OH) cm™; '"H NMR (CDCl;,
300 MHz) &= 3.31 (brs, 1H, CHOH), 5.48 (s, IH, CHOH), 6.19 (s, 1H, =CH,), 6.31 (d, 1H, J=
0.6 Hz, =CH,), 7.20-7.39 (m, 9H, ArH); mass (ES+) m/z= 462.0 (M'+1). Anal Calcd. for
Ci9H;3CIIN3O; C, 49.43; H, 2.84; N, 9.10. Found C, 49.22; H, 3.03; N, 8.87.

Preparation of 4-lodo-1,5-diphenyl-1H-pyrazole-3-carbaldehyde. To a stirred solution of
appropriate compound from 7a-¢ (4.03 mmol) in CHCI; (30 mL) was added K,CO; (1.67g, 12.1
mmol) followed by dropwise addition of a solution of iodine monochloride (1.97 g, 12.1 mmol)
in CHCl; (5 mL). After 18 h of stirring at room temperature, the reaction was quenched with
Na,;SOs (1.0 M, 40 mL) and extracted with CH,Cl, (3x30 mL). The organic phases were pooled,
dried over Na,SO, and evaporated in vacuo. Purification of the crude product by column
chromatography (silica gel 60-120 mesh) using EtOAc/hexane as the eluent gave the substituted
1,5-diphenyl-1H-pyrazole-3-carbaldehydes.

4-Todo-1,5-diphenyl-1H-pyrazole-3-carbaldehyde (25a). White solid, mp 154-156 °C; Vmax
(KBr) 1696 (CHO) cm™; 'H NMR (CDCls;, 200 MHz) 8= 7.19-7.42 (m, 10H, ArH), 10.10 (s,
1H, CHO); mass (FAB+) m/z= 375 (M'+1).
4-lodo-5-(4-methylphenyl)-1-phenyl-1H-pyrazole-3-carbaldehyde (25b). White solid, mp
142-144 °C; Vinax (KBr) 1695 (CHO) em™; 'H NMR (CDCls, 300 MHz) 8= 2.40 (s, 3H, CH3),
7.15-7.36 (m, 9H, ArH),), 10.10 (s, 1H, CHO); °C NMR (CDCl;, 75 MHz) 8= 21.5, 62.2, 125.0,
125.5, 128.7, 129.1, 129.5, 129.6, 129.8, 130.3, 139.5, 139.8, 147.0, 149.0 186.1; mass (ES+)
m/z=389.2 (M'+1).

5-(4-Chlorophenyl)-4-iodo-1-phenyl-1H-pyrazole-3-carbaldehyde (25¢). White solid, mp
156-158 °C; Vinax (KBr) 1694 (CHO) cm™ '"H NMR (CDCls, 200 MHz) 8= 7.18-7.40 (m, 9H,
ArH), 10.08 (s, 1H, CHO); mass (ES+) m/z= 409.2 (M'+1).
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