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The chiral substituted pyrazole-3-carboxamides (4a-c), pyrazole-3-carboxylates (5a-c), pyrazole-3-
thioureides (7a-c) and pyrazole-3,4-dicarboxamides (10a-c) were prepared via the pyrazolo-3-chlorocarbonyl
2, pyrazolo-3,4-dicarboxy methyl ester 3 with pyrazole-3-isothiocyanate 6 with different (R)-chiral amino al-
cohols. All of the synthesized chiral compounds binding a pyrazole skeleton were investigated as organocata-
lysts for asymmetric aldol reactions between nitromethane and p-nitrobenzaldehyde in the presence of CuCl.
Enantiomeric excesses and the reaction yields were found to be appropriate values. Furthermore, the best or-
ganocatalyst applied in this study was identified after careful optimization of conditions. Lastly, all of the novel
compounds were subjected to computational analysis at the B3LYP/6-31++G(d,p) level of theory to obtain in-
formation about their structural and electronic properties.

Keywords: asymmetric catalyst; chirality; chiral amino alcohol; Lewis acid; pyrazole

HOBH IMUPA30JICKO HEHTPUPAHU JEPUBATHU CO MOHO/IU XUPAJIHO
OEHTPUPAHU I'PYIIN KAKO OPTAHOKATAJIM3ATOPH 3A XEHPUEBA PEAKIINJA

Bea moAroTBeHM XHPATHO CYNCTUTYHPAHW NHMPa3o-3-kapOokcamuan (4a-c), mnupason-3-
kapbokcunaru (5a-C), mupason-3-tuoypeunu (7a-C) um mupaszon-3,4-aukapbokcamuan (10a-c) npeky
MUPa30JI-3-XJI0POKapOOHMI 2, MUPa3o-3,4-TuKapOOKCH METHII ecTep 3 CO MHUPa30Ji0-3-U30THOIHjaHaT 6
co paszimuunu (R)-xupanuu amuHoankoxonu. CHTe CHHTETH3UPAHM XUPAJIHH COEJAMHEHHUja Bp3aHU 3a
MUPA30JIeH CKeJIeT 0ea UCIUTAHU KAKO OPraHOKATAIN3aTOPH 332 aCUMETPUYHH aJIONHH PEakiuu Mery
HUTPOMETaH W P-HUTpoOeH3angexug Bo mpucyctBo Ha CUCI. 3a morogHu BpegHOCTH ce cMeTaa
CHAHTHOMEPHHOT BHIIIOK U MPUHOCKTE Ha peakiuute. [10Kpaj Toa, BO OBa HCTPAKYBame, IO BHUMATEITHO
ONTHMU3UPAKE Ha YCJIOBHTE, Oelle WACHTH(HUKYBaH HAjAo0pHOT opraHokatanmuzatop. Hajmocre, cute
HOBHM COCJWHCHHja Oea MMOIOKEHH HA KOMIIjyTEpCKa aHain3a Ha Teopuckoto HuBo B3LYP/6-
31++G(d,p) 3a na ce nobujaT MHGOPMALIMHK 32 HUBHATA CTPYKTYPa U IEKTPOHCKHU CBOjCTBA.

K.]Iy‘{Hﬂ 360p0BI/I: ACUMCTPUYCH KATAJIU3ATOP; XUPAJIHOCT; XUPAJIHU aMHUHOAJIKOXOJINU;
.HyI/ICOBa KHCCJIMHA,; ITUPAa30J1

1. INTRODUCTION

The Henry (nitro aldol) reaction is known as
the reaction between an in situ generated nitronate
species and a carbonyl compound. It is one of the
classical named carbon-carbon bond-forming reac-
tions. This process provides a powerful and useful
tool for the synthesis of valuable B-nitroalcohols. It

is efficient and gives access to interesting and highly
functionalized intermediates such as nitroalkenes,
1,2-amino alcohols, and a-hydroxy carboxylic acids.
Furthermore, the above-mentioned reaction and the
resulting nitro aldol products play an important role
both in synthetic organic chemistry and biological
vitality [1]. This is related to the synthetic useful-
ness of its chiral centered products, as they can be
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easily converted to other useful synthetic com-
pounds. Enantiomer rich nitro alkanol chiral com-
pounds obtained by asymmetric catalysts have
played key role in the synthesis of biologically ac-
tive compounds. Also, chiral recognition is a selec-
tive interaction with one of the enantiomers of a
chiral molecule or chiral receptor in living systems
[2-3]. Chiral structures are important target mole-
cules in chemistry since they have significant prop-
erties. They function as catalysts [4] and have bio-
logical activity [5] with implications in pharmaceu-
tical [6], agricultural [7], and industrial [8] applica-
tions. In addition, the use of the enantiopure form of
chiral drugs is now a basic requirement for every
new chemical entity, and the development of new
synthesis methods to obtain enantiopure compounds
has become the most important goal for pharmaceu-
tical chemistry. New methods developed for asym-
metric synthesis are therefore becoming more im-
portant for synthetic chemists.

A wide variety of organo- and metal cata-
lysts have been used for the Henry reaction.
Among the most important asymmetric catalysts
used for this reaction are chiral centered organo-
catalysts including carboxamide and thioureide
functional groups [9].

On the other hand, since the beginning of
this century, the substituted pyrazoles, which are
an important class of heterocyclic compounds,
have maintained continued interest in the literature
because of the wide-spread research in this area,
such as research on their use as catalysts. Addi-
tionally, the substituted pyrazoles reported in liter-
ature were prepared by processes such as asym-
metric Michael reactions [10], enantioselective
synthesis [11], selective complexation of metal
ions [12], etc. [13-15]. Although the pyrazole
compounds are very rare in natural products, they
have very common synthetic applications. Pyrazole
compounds have also been applied successfully in
other fields such as in medicine [16], agriculture
[17], industry [18], pharmaceutical chemistry [19],
and optics [20]. For these reasons, they have quite
an interesting research field in heterocyclic chem-
istry, and they have attracted interest for the syn-
thesis of their derivatives and investigating new
applications/methods.

Herein, we aimed to synthesize new differ-
ent chiral substituted pyrazole-3-carboxamide, py-
razole-3-thioureide and pyrazole-3,4-dicarboxy-
amide derivatives via reactions of appropriate py-
razolo compounds with different (R)-chiral amino
alcohols. Besides, the behavior of some these new-
ly synthesized compounds as potent organocata-
lysts for nitro aldol reactions was investigated.

Carboxamide 4a-c and thioureide 7a-c de-
rivatives were synthesized in our former article
[21]. The other synthesized chiral compounds 5a-c
and 10a-c have not been reported in the literature
until now (Figure 1).
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Fig. 1. Chiral substituted pyrazoles evaluated in this study

2. EXPERIMENTAL

2.1. Materials and equipment

All of the solvents and chemical reagents
were purchased from commercial companies such
as Merck and Sigma Aldrich. These materials were
used without purification. *H (400 MHz) and **C
(100 MHz) NMR spectra were recorded on a
Bruker DRX-400 high performance digital FT-
NMR spectrometer. NMR spectra were obtained in
solutions of DMSO-ds and CDCls. Analytical TLC
of all reactions was performed on Merck prepared
plates. Infrared spectra were recorded on a Shi-
madzu IR-470 spectrophotometer. The elemental
analyses were obtained with a Carlo-Erba Model
1108 apparatus. Optical rotations were taken on a
Perkin Elmer 341 Model polarimeter. Refraction
indices were measured by using an Atago Abbe
refractometer. The mass spectra were measured on
a Thermo Scientific TSQ-Quantum Access LC/MS
spectrometer. Both pyrazole-3-carboxylic acid 1
(mp 202-204 °C) and its acid chloride derivative 2
(mp 145 °C) and the methyl ester 3 (mp 180 °C)
were our starting compounds, and they were syn-
thesized by published procedures [22].

2.2. Synthesis of chiral organocatalysts

General procedure for synthesis chiral pyrazole-
3-carboxamides (4a-c)
Compounds 4a-c were synthesized by two differ-
ent methods.

Method A: Compound 3 (0.410 g, 1 mmol)
dissolved in methanol (5 ml) was put to a reaction
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pot, and then a solution of chiral amino alcohols (1
mmol)  (2-amino-2-phenylethanol, 2-amino-3-
methyl-1-butanol, 2-amino-1-butanol, respectively)
in methanol (5 ml) was added drop-wise to the so-
lution at room temperature over 2 hours. After the
addition, a solid product was precipitated, filtered,
and washed with diethyl ether. The product ob-
tained was purified by silica gel column chroma-
tography (n-hexane/ethyl acetate, 7:1).

Method B: An equimolar mixture of the ac-
id chloride 2 (0.414 g, 1 mmol) and a chiral amino
alcohol (1 mmol) derivative was refluxed in xylene
for 4 hours. After evaporation, the oily residue was
treated with dry ether, and the crude product
formed was purified by silica gel column chroma-
tography (n-hexane/ethyl acetate, 7:1). The first
eluents from the column were pyrazole-3-
carboxamide derivatives (4a-c) as the main prod-
ucts (yield 65-80 %). The second compounds elut-
ed were chiral pyrazole-3-carboxylate derivatives
(5a-c) as by products (yield 10-15 %).

(R)-4-Benzoyl-1-(2,5-dimethylphenyl)-N-(2-
hydroxy-1-phenylethyl)-5-phenyl-1H-pyrazole-
3-carboxamide (4a)

Compound 4a was prepared according to general
procedures existing in the literature [21]. Yield: 88
%. [a]o? +142.0° (c, 0,001, EtOH), R = 0.38, m.p:
210-212 °C. Anal. Calcd. for C33H29N303 (MW =
515.22) C, 76.87; H, 5.67; N, 8.15 %. Found: C,
76.71; H, 5.59; N, 8.30 %; IR (v, cm™): 3275,
3154, 3056, 2865, 1692, 1664, 1603, 1548, 1476,
1434, 1274; 'H-NMR (400 MHz, DMSO-ds,
d/ppm): 8.42 (d, 1H, J = 9.4 Hz, NH), 7.91-7.82
(m, 3H, Ar-H), 7.61-7.52 (m, 5H, Ar-H), 7.24—
7.15 (m, 6H, Ar-H), 6.63-6.56 (m, 4H, Ar-H),
4.57-4.54 (m, 1H, CH-NH), 3.53-3.50 (m, 3H, OH
and CH,-OH), 2.17 (s, 3H, CHgs), 1.76 (s, 3H,
CHs); BC-NMR (100 MHz, DMSO-ds, &/ppm):
1924, 166.2, 145.3, 143.6, 141.3, 139.5, 137.6,
136.2, 134.5, 133.6, 132.3, 121.2, 129.7, 128.1,
123.6, 121.4, 116.5, 111.4, 63.2, 54.7, 21.6, 17.4.
(+)ESI-HRMS m/z: calculated for [CssH2gN3zOs +
H*]: 516.2282; observed 516.2271. HPLC analy-
sis: Chiral OD, n-hexane/isopropyl alcohol 85:15
(v:v), 0.5 ml min, & = 254 nm, tg (minor) = 15.49
min, tr (major) = 18.25 min.

(R)-4-Benzoyl-1-(2,5-dimethylphenyl)-N-(1-
hydroxy-3-methylbutan-2-yl)-5-phenyl-1H-
pyrazole-3-carboxamide (4b)

Compound 4b was prepared according to general
procedures existing in the literature [21]. Yield: 85
%. [a]n?®—204.0° (c, 0,001, EtOH), R¢ = 0.38; m.p:
191-193 °C. Anal. Calcd. for CzyH31N303 (MW =
481.24): C, 74.82; H, 6.49; N, 8.73 %. Found: C,
74.69; H, 6.61; N, 8.92 %. IR (v, cm™): 3312,
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3168, 3040, 2818, 1696, 1668, 1576, 1482, 1401,
1370, 1315. 'H-NMR (400 MHz, DMSO-ds,
d/ppm): 8.35 (d, 1H, J = 9.2 Hz, NH), 7.90-7.88
(m, 2H, Ar-H), 7.78-7.77 (m, 2H, Ar-H), 7.26—
7.16 (m, 5H, Ar-H), 6.76-6.52 (m, 4H, Ar-H),
3.71-3.58 (m, 3H, CH-NH and CH,-OH), 2.50 (m,
2H, CH and OH), 2.18-2.16 (m, 6H, 2 x CHj),
1.61-1.34 (m, 6H, 2 x CHg); C-NMR (100 MHz,
DMSO-ds, o/ppm: 194.2, 162.5, 144.1, 142.7,
1415, 140.1, 138.6, 136.4, 135.3, 133.1, 132.0,
130.5, 129.1, 128.4, 127.6 122.3, 121.1, 109.2,
63.3, 55.3, 30.1, 21.0, 184, 12.2. (+)ESI-
HRMS m/z: calculated for [C3oHziNsOs; + H']:
482.2444; observed 482.2441. HPLC analysis:
Chiral OD, n-hexane/isopropyl alcohol 85:15 (v:v),
0.5 ml min, A = 254 nm, tg (minor) = 14.58 min,
tr (major) = 17.25 min.

(R)-4-Benzoyl-1-(2,5-dimethylphenyl)-N-(1-
hydroxybutan-2-yl)-5-phenyl-1H-pyrazole-3-
carboxamide (4c)

Compound 4c was prepared according to general
procedures existing in the literature [21]. Yield: 85
%. [a]o® +186.3° (c, 0,001, EtOH), R¢=0.39, m.p:
199-201 °C. Anal. Calcd. for CyH2gN30; (Mw =
467.22): C, 74.50; H, 6.25; N, 8.99 %. Found: C,
74.71; H, 6.42; N, 8.73 %; IR (v, cm™): 3362,
3156, 3066, 1576, 1489, 1385, 1310; 'H-NMR
(400 MHz, CDCls, &/ppm): 8.34 (d, 1H, J = 9.2
Hz, NH), 7.88-7.74 (m, 2H, Ar-H), 7.52-7.45 (m,
5H, Ar-H), 7.25-7.14 (m, 5H, Ar-H), 6.78-6.76
(m, 1H, Ar-H), 3.84-3.80 (m, 2H, CH»-OH), 3.52—
3.50 (m, 1H, CH-NH), 2.68 (s, 1H, OH), 2.13 (s,
3H, CHs), 1.87 (s, 3H, CHs), 1.62 (m, 2H, CHy-
CHs), 1.35 (t, 3H, J = 7.1 Hz, CH3); 3C-NMR (100
MHz, CDClIs, &/ppm): 198.3, 164.7, 146.3, 143.2,
1415, 134.1, 133.9, 132.9, 131.6, 130.8, 130.0,
129.5, 129.1, 128.1, 126.3,125.4, 121.1, 108.2,
58.6, 55.3, 30.1, 22.1, 17.3, 14.6. (+)ESI-
HRMS m/z: calculated for [CaH2N3O3; + H*]:
468.2282; observed 468.2287. HPLC analysis:
Chiral OD, n-hexane/isopropyl alcohol 85:15 (v:v),
0.5 ml min™, A = 254 nm, tg (minor) = 15.36 min,
tr (Major) = 18.21 min.

General procedure for synthesis of chiral
pyrazole-3-carboxylates (5a-c)
Pyrazole-3-carboxylate (5a-c) derivatives were
obtained as given above in method B which intro-
duces the synthesis of 4a-c compounds.

(R)-2-Amino-2-phenylethyl4-benzoyl-1-(2,5-
dimethylphenyl)-5-phenyl-1H-pyrazole-3-
carboxylate (5a)

Compound 5a was prepared according to method
B (0.09 g, 12 %). [a]?*p +160.1° (c, 0,001 EtOH);
mp: 172-174 °C; Rf = 0.36, IR (v, cm™): 3125,
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3064, 1710, 1596, 1561, 1484, 1442, 1374, 1315;
'H-NMR (400 MHz, CDCls) & (ppm): 8.32-8.31
(m, 2H, Ar-H), 7.72-7.63 (m, 4H, Ar-H), 7.24—
7.18 (m, 6H, Ar-H), 6.71-6.69 (m, 4H, Ar-H),
6.32-6.31 (m, 2H, Ar-H), 4.43-4.42 (m, 2H, CH,-
0), 3.42-3.41 (m, 1H, CH-NH), 2.28 (s, 3H, CHj3),
1.90 (m, 2H, NHy), 1.53 (s, 3H, CHs); *C-NMR
(100 MHz, CDCls) & (ppm): 191.4, 163.6, 152.1,
146.3, 142.1, 137.1, 133.1, 132.7, 131.8, 130.6,
130.1, 129.6, 129.2, 128.8, 128.7, 128.5, 128.4,
121.3, 108.4, 54.6, 38.2, 22.3, 17.1. Anal. Calcd.
for CasHzN3Os: C, 76.87; H, 5.67; N, 8.15. Found:
C, 76.21; H, 5.69; N, 8.09. (+)ESI-HRMS m/z:
calculated for [CasHN3Os + HY]: 516.2282;
observed 516.2275. HPLC analysis: Chiral OD, n-
hexane/isopropyl alcohol 85:15 (v:v), 0.5 ml min*,
A = 254 nm, tg (major) = 15.23 min, tr (minor) =
17.26 min.

(R)-2-Amino-3-methylbutyl4-benzoyl-1-(2,5-
dimethylphenyl)-5-phenyl-1H-pyrazole-3-
carboxylate (5b)

Compound 5b was prepared according to method
B (0.08 g, 15 %). [0]*p+ 114.8° (c, 0,001 EtOH);
mp: 181-184 °C; Rf = 0.36, IR (v, cm™): 3142,
3060, 1708, 1598, 1556, 1482, 1444, 1365, 1321,
'H-NMR (400 MHz, CDCls) & (ppm): 8.12-8.10
(m, 1H, Ar-H), 7.95-7.81 (m, 4H, Ar-H), 7.51-
7.47 (m, 4H, Ar-H), 7.26-7.23 (m, 2H, Ar-H),
7.10-7.08 (m, 1H, Ar-H), 6.66-6.64 (m, 1H, Ar-
H), 3.73-3.70 (m, 2H, CH»-0), 2.82-2.81 (m, 1H,
CH-NH), 2.35 (s, 3H, CHa), 1.77 (s, 3H, CHj3),
1.58 (m, 3H, CH and NHy), 1.20 (s, 6H, 2xCH3);
BBC-NMR (100 MHz, CDCls) & (ppm): 193.2,
160.0, 145.1, 141.3, 138.2, 136.4, 133.2, 130.5,
130.4, 129.6, 129.5, 129.4, 128.7, 128.5, 128.3,
128.1, 122.1, 109.7, 79.2, 42.2, 27.5, 20.2, 16.4,
12.2. Anal. Calcd. for C30H3:N303: C, 74.82; H,
6.49; N, 8.73. Found: C, 74.25; H, 6.51; N, 8.69.
(+)ESI-HRMS m/z: calculated for [CsoH31N3Os; +
H*]: 482.2444; observed 482.2438. HPLC
analysis: Chiral OD, n-hexane/isopropyl alcohol
85:15 (v:v), 0.5 ml min'%, A = 254 nm, tg (major) =
15.43 min, tr (minor) = 17.26 min.

(R)-2-Aminobutyl4-benzoyl-1-(2,5-dimethyl-

phenyl)-5-phenyl-1H-pyrazole-3-carboxylate (5c)

Compound 5c¢ was prepared according to method B
(0.08 g, 15 %). [a]®p+ 114.8° (c, 0,001 EtOH);
mp: 181-184 °C; Rt = 0.36, IR (v, cm™): 3135,
3064, 1716, 1596, 1552, 1492, 1447, 1352, 1317,
'H-NMR (400 MHz, CDCl3z) & (ppm): 8.05-7.97
(m, 1H, Ar-H), 7.92-7.87 (m, 4H, Ar-H), 7.68—
7.64 (m, 4H, Ar-H), 7.27-7.24 (m, 2H, Ar-H),
7.08-7.04 (m, 1H, Ar-H), 6.48-6.46 (m, 1H, Ar-
H), 3.72-3.70 (m, 2H, CH,-0), 2.82-2.80 (m, 1H,

CH-N), 2.20-1.80 (m, 8H, CH,-CH3z and 2 x CHj),
1.48 (b, 2H, NHy), 1.16 (t, J = 7.1 Hz, 3H, CHs3);
1BC-NMR (100 MHz, CDCl3) & (ppm): 194.6,
158.3, 142.1, 138.0, 136.4, 133.0, 131.9, 131.0,
130.7, 130.3, 129.7, 129.6, 129.5, 129.4, 128.8,
128.1, 122.7, 121.3, 109.2, 81.6, 42.7, 24.6, 20.9,
17.3, 11.0. Anal. Calcd. for C3H3:NsOs: C, 74.82;
H, 6.49; N, 8.73. Found: C, 74.81; H, 6.47; N, 8.74.
(+)ESI-HRMS m/z: calculated for [CgHN3Os +
H*]: 468.2282; observed 468.2287. HPLC analysis:
Chiral OD, n-hexanefisopropyl alcohol 85:15 (v:v),
0.5 ml min™, A = 254 nm, tr (major) = 15.21 min,
tr (minor) = 17.49 min.

4-Benzoyl-1-(2,5-dimethylphenyl)-5-phenyl-1H-
pyrazole-3-carbonyl-isothiocyanate (6)

To synthesize compound 6, a procedure existing in
the literature was followed [21, 22]. The yield of 6
was 60 %; mp 159-160.5 °C.

Synthesis of chiral pyrazole-3-thioureides (7a-c)
In general, pyrazole-3-thioureide derivatives (7a-c)
were obtained according to our previous study [21].

(R)-1-(4-Benzoyl-1-(2,5-dimethylphenyl)-5-
phenyl-1H-pyrazole-3-carbonyl)-3-(2-hydroxy-
1-phenylethyl)thiourea (7a)

Compound 7a was prepared according to the litera-
ture (0.36 g, 61 %) [21]. Yield: 61 %. [o]po?® +192.3°
(c, 0,005, EtOH), Rf = 0.37, m.p: 231-233°C. Anal.
Calcd. for CzsH30N4O3S (MW = 574.20): C, 71.06; H,
5.26; N, 9.75 %. Found: C, 71.23; H, 5.34; N, 9.79
%); IR (v, cm™): 3355, 3212, 3054, 2925, 1712, 1686,
1674, 1572, 1494, 1442, 1323. 'H-NMR (400 MHz,
DMSO-ds, 6/ppm): 8.30-8.28 (m, 1H, NH), 8.21—
7.04 (m, 16H, Ar-H), 6.58-6.56 (m, 2H, Ar-H), 3.96—
3.94 (m, 2H, CH.-OH), 3.14-3.12 (m, 1H, CH-NH),
2.40-2.17 (m, 4H, OH and CHs), 1.18 (bs, 3H, CHs);
BC-NMR (100 MHz, DMSO-ds, &/ppm): 198.3,
188.6, 166.7, 143.1, 141.2, 136.7, 135.4, 132.6,
132.2, 1315, 131.1, 130.4, 130.2, 130.0, 129.9,
129.8, 129.6, 129.3, 129.2, 129.1, 128.7, 128.5,
128.1, 127.2, 1225, 109.1, 64.2, 50.3, 21.4, 16.8.
(+)ESI-HRMS m/z: calculated for [CasH30N4OsS +
H*]: 575.2117; observed 575.2111. HPLC analysis:
Chiral OD, n-hexane/ isopropyl alcohol 85:15 (v:v),
0.5 ml min™, & = 254 nm, tr (minor) = 16.41 min, tg
(major) = 18.53 min.

(R)-1-(4-Benzoyl-1-(2,5-dimethylphenyl)-5-
phenyl-1H-pyrazole-3-carbonyl)-3-(1-hydroxy-
3-methylbutan-2-yl)thiourea (7b)

Compound 7b was prepared according to the lit-
erature (0.3 g, 56 %) [21]. Yield: 56 %. [a]p®
+125.4° (c, 0,005, EtOH), Rf = 0.37, m.p: 207-209
°C. Anal. Calcd. for C31H32N403S (MW = 540.22)3
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C, 68.87; H, 5.97; N, 10.36 %. Found: C, 68.95; H,
5.89; N, 10.42 %; IR (v, cm™): 3365, 3151, 3062,
2957, 1704, 1686, 1671, 1568, 1498, 1444, 1321.
'H-NMR (400 MHz, DMSO-dg, 8/ppm): 8.13-8.11
(m, 1H, NH), 8.05-7.20 (m, 12H, Ar-H), 6.65-6.62
(m, 1H, Ar-H), 3.95-3.92 (m, 2H, CH>-OH), 2.89-
2.87 (m, 1H, CH-NH), 2.41 (bs, 1H, OH), 2.21 (bs,
3H, CHas), 1.96-1.94 (m, 1H, CH-), 1.79 (bs, 3H,
CHg), 1.66-1.62 (m, 3H, CHs), 1.18 (bs, 3H, CHa);
3C-NMR (100 MHz, DMSO-ds, &/ppm): 196.8,
180.3, 165.9, 144.7, 142.3, 141.8, 137.5, 135.2,
134.4, 133.2, 132.1,131.7, 129.8, 129.1, 128.6,
127.5, 126.3, 125.4, 124.2, 121.7, 108.2, 64.1,
59.7, 32.1, 21.4, 184, 17.2. (+)ESI-HRMS m/z:
calculated for [CuHzN4OsS + H]: 541.2273;
observed 541.2269. HPLC analysis: Chiral OD, n-
hexane/isopropyl alcohol 85:15 (v:v), 0.5 ml min™, &
= 254 nm, tr (minor) = 14.51 min, tr (mMajor) =
17.26 min.

(R)-1-(4-Benzoyl-1-(2,5-dimethylphenyl)-5-
phenyl-1H-pyrazole-3-carbonyl)-3-(1-hydroxy
butan-2-yl)thiourea (7c)

Compound 7c was prepared according to the litera-
ture (0.26 g, 50 %) [21]. Yield: 50 %. [a]o®
+153.2° (c, 0,005, EtOH), Rf = 0.37, m.p: 215-217
°C. Anal. Calcd. for CzyH32N4OsS (MW = 51219)
C, 67.95; H, 5.51; N, 10.93 %. Found: C, 68.56; H,
5.91; N, 10.51 %; IR (v, cm™): 3435, 3165, 3058,
2895, 1711, 1685, 1667, 1572, 1498, 1442, 1323.
'H-NMR (400 MHz, DMSO-ds, &/ppm): 8.67 (bs,
1H, NH), 8.23-6.97 (m, 13H, NH and Ar-H), 6.84—
6.82 (m, 1H, Ar-H), 3.76-3.71 (m, 2H, CH»-OH),
2.82-2.80 (m, 1H, CH-NH), 2.42-2.25 (m, 4H, OH
and CHjs), 2.13 (bs, 3H, CH3), 1.66-1.63 (m, 2H,
CH2-CHjs), 1.10-1.06 (m, 3H, CHs); *C-NMR (100
MHz, DMSO-ds, &/ppm): 194.5, 181.0, 167.1,
144.4, 141.6, 139.5, 137.2, 136.7, 135.3, 131.5,
130.3, 129.9, 129.4, 129.1, 128.8, 128.6, 128.4,
128.0, 127.5, 124.3, 108.8, 62.3, 55.7, 27.3, 22.6,
17.1, 10.6. (+)ESI-HRMS m/z: calculated for
[CaoH30N40sS + H*]: 527.2117; observed 527.2110.
HPLC analysis: Chiral OD, n-hexane/isopropyl al-
cohol 85:15 (v:v), 0.5 ml mint, A = 254 nm, tr (Mi-
nor) = 16.27 min, tr (major) = 17.26 min.

1-(2,5-Dimethylphenyl)-4-(ethoxycarbonyl)-5-
phenyl-1H-pyrazole-3-carboxylic acid (8)
Compound 8 was obtained according to our previous
study [22]. The yield of 8 was 65 %; mp 202 °C.

Diethyl1-(2,5-dimethylphenyl)-5-phenyl-1H-
pyrazole-3,4-dicarboxylate (9)

To synthesize compound 9, a literature procedure
was followed [22]. The yield of 9 was 73 %; mp
165 °C.
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General procedure for synthesis of chiral pyra-
zole-3,4-dicarboxamides (10a-c)

Compound 9 (0.196 g 0.5 mmol) dissolved in ethyl
alcohol (5 ml) was added dropwise to the appropri-
ate chiral amino alcohol (1 mmol) (2-amino-2-
phenylethanol, 2-amino-3-methyl-1-butanol, 2-
amino-1-butanol, respectively) in ethyl alcohol (5
ml) at room temperature. This mixture was stirred
at room temperature for 2 hours. A solid residue
was formed in the reaction mixture. The solid
product was precipitated, filtered, and dried; the
product was purified by crystallization from etha-
nol.

1-(2,5-Dimethylphenyl)-N3,N*-bis(R)-2-hydroxy-
1-phenylethyl)-5-phenyl-1H-pyrazole-3,4-
dicarboxamide (10a)

Compound 10a was prepared according to the gen-
eral procedure (0.29 g, 86 %). Mp: 252-254 °C; IR
(v, cm™): 3356, 3125, 3066, 2910, 1664, 1658,
1584, 1492, 1444, 1320; 'H-NMR (400 MHz,
CDCl3) & (ppm): 9.68-9.67 (m, 2H, NH), 8.09-
8.04 (m, 3H, Ar-H), 7.65-7.59 (m, 4H, Ar-H),
7.49-7.47 (m, 4H, Ar-H), 7.26-7.25 (m, 2H, Ar-
H), 6.84-6.83 (m, 3H, Ar-H), 6.59-6.52 (m, 2H,
Ar-H), 4.89-4.86 (m, 1H, CH-NH), 4.0 (m, 2H,
OH), 3.53-3.50 (m, 2H, CH>-OH), 3.19-3.18 (m,
2H, CH»-OH), 2.20 (s, 3H, CHs), 1.50 (s, 3H,
CHs); C-NMR (100 MHz, CDCl3) & (ppm):
166.3, 164.1, 145.2, 141.1, 138.6, 136.0, 135.2,
133.8, 132.5, 131.5, 130.8, 129.9, 129.6, 129.5,
129.4, 129.3, 129.1, 128.6, 127.1, 1215, 112.4,
53.5, 46.1, 223, 17.4. Anal. Calcd. for
C3sH34N4O4: C, 73.15; H, 5.96; N, 9.75. Found: C,
72.49; H, 595 N, 9.79. (+)ESI-HRMS m/z:
calculated for [CssHzN3O3 + H*']: 575.2653;
observed 575.2648. HPLC analysis: Chiral OD, n-
hexane/isopropy! alcohol 85:15 (v:v), 0.5 ml min-,
A = 254 nm, tr (minor) = 14.52 min, tr (major) =
17.19 min.

1-(2,5-Dimethylphenyl)-N3 N*-bis(R)-1-hydroxy-
3-methylbutan-2-yl)-5-phenyl-1H-pyrazole-3,4-
dicarboxamide (10b)

Compound 10b was prepared according to general
procedure (0.26 g, 88 %). Mp: 246-248 °C; IR (v,
cm?): 3368, 3132, 3065, 2908, 1662, 1654, 1597,
1496, 1442, 1321; *H-NMR (400 MHz, CDCls) &
(ppm): 10.23-10.21 (m, 2H, NH), 7.99-7.97 (m,
1H, Ar-H), 7.69-7.67 (m, 2H, Ar-H), 7.46-7.44
(m, 1H, Ar-H), 7.30-7.22 (m, 2H, Ar-H), 6.64—
6.63 (m, 1H, Ar-H), 6.36-6.35 (m, 1H, Ar-H),
4.29-4.27 (m, 2H, CH-NH), 3.14-3.13 (m, 2H,
CH»-OH), 2.90-2.87 (m, 2H, CH,-OH), 2.60-2.59
(m, 2H, CH), 2.12 (s, 3H, CHs3), 1.54 (s, 3H, CH3),
1.25 (s, 12H, 4 x CHg); *C-NMR (100 MHz,
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CDCls) 6 (ppm): 168.2, 164.3, 141.4, 140.2, 138.1,
136.4, 135.3, 133.8, 131.5, 130.9, 129.7, 129.2,
128.5, 126.0, 121.3, 112.0, 62.3, 61.6, 53.2, 32.5,
22.1, 18.1, 16.2. Anal. Calcd. for CagH3sN4Os: C,
68.75; H, 7.56; N, 11.06. Found: C, 68.96; H, 7.52;
N, 11.01. (+)ESI-HRMS m/z: calculated for
[CssH29N303 + H*]: 507.2966; observed 507.2971.
HPLC analysis: Chiral OD, n-hexane/ isopropyl
alcohol 85:15 (v:v), 0.5 ml min*t, X = 254 nm, tr
(minor) = 15.12 min, tr (major) = 17.53 min.

1-(2,5-Dimethylphenyl)-N3 N*-bis(R)-1-
hydroxybutan-2-yl)-5-phenyl-1H-pyrazole-
3,4-dicarboxamide (10c)

Compound 10c was prepared according to general
procedure (0.26 g, 90 %). Mp: 249-251 °C; IR (v,
cm): 3318, 3115, 3064, 2912, 1664, 1658, 1596,
1497, 1444, 1315; 'H-NMR (400 MHz, CDCls) &
(ppm): 10.64-10.61 (m, 2H, NH), 7.99-7.98 (m,
1H, Ar-H), 7.67-7.63 (m, 2H, Ar-H), 7.34-7.22 (m,
3H, Ar-H), 6.86-6.85 (m, 1H, Ar-H), 6.39-6.37 (m,
1H, Ar-H), 4.62-4.61 (m, 2H, CH-N), 3.75-3.73 (m,
2H, CH>-OH), 3.37-3.35 (m, 2H, CH,-OH), 2.60-
2.57 (m, 2H, CH), 2.16 (s, 3H, CHa), 1.91 (m, 2H,
CH,-CHg), 1.59 (s, 3H, CHa), 1.41 (s, 6H, 2 x CHa);
BC-NMR (100 MHz, CDCl3) & (ppm): 170.0, 163.8,
143.6, 138.1, 136.0, 133.2, 131.3, 130.4, 129.9,
129.6, 129.1, 128.8, 128.2, 121.0, 110.1, 58.4, 56.1,
52.3, 34.3, 24.5, 22.1, 19.0, 17.3, 15.0, 13.1. Anal.
Calcd. for CyHassN4Os4: C, 67.76; H, 7.16; N, 11.71.
Found: C, 68.76; H, 7.51; N, 11.77. (+)ESI-HRMS
m/z: calculated for [CssHxN3Os + HY]: 479.2653;
observed 479.2648. HPLC analysis: Chiral OD, n-
hexane/isopropyl alcohol 85:15 (v:v), 0.5 ml min™, A
= 254 nm, tr (minor) = 15.23 min, tz (major) = 17.51
min.

2.3. Enantiomeric recognition experiments

General procedure for asymmetric
Henry reaction

The compounds 4a-c, 5a-c,7a-c or 10a-c
(0.01 mmol) and CuCl (0.01 mmol) were added to
absolute ethanol (0.5 ml). After the reaction mix-
ture’s color turned to green, p-nitro benzaldehyde
(0.1 mmol) was added, and then nitromethane (0.1
mmol) was added slowly using a syringe. The re-
action mixture was stirred at 35 °C for 24 h. The
reaction was monitored by TLC. When reaction
was completed, HCI (1M, 3 ml) and CHCI; (1 ml)
were added to the mixture. Then extraction was
done with CH.CIl, (3 x 10 ml). Organic phases
were combined and dried over MgSO.. Solvent
was evaporated in vacuum, and the product was
washed with diethyl ether. It was purified by petro-
leum ether/ethyl acetate (70:30, Rf= 0.36).

2.4. Computational method

The three-dimensional ground state (So) ge-
ometries of all compounds were optimized in the
gas phase without any symmetry restrictions using
DFT [23] implemented hybrid functional B3LYP
with the Gaussian 09W [24] software package.
B3LYP is composed of Becke’s three parameter
exchange functional (B3) [25] and the non-local
correlation functional by Lee, Yang and Parr
(LYP) [26]. In order to find the molecular struc-
tures with minimum energy, conformational analy-
sis was performed with the B3LYP/6-311++G(d,p)
method and basis set.

The vibrational analyses were carried out us-
ing the same basis set employed in the correspond-
ing geometry optimizations. The frequency analysis
did not yield any imaginary frequencies, indicating
that the optimized structure of the molecule corre-
sponds to at least a local minimum on the potential
energy surface. The normal mode analysis was per-
formed for 3N — 6 vibrational degrees of freedom,
with N being the number of atoms in the molecule.

3. RESULTS AND DISCUSSION
3.1. Chemistry

Initially, pyrazole-3-carboxylic acid 1 was
synthesized according to previously reported pro-
cedure [22], and the corresponding acid chloride 2
was obtained by heating pyrazole-3-carboxylic
acid with an excess of SOCI; [21, 22]. When com-
pound 2 was reacted with appropriate chiral amino
alcohols at room temperature, both —NH, groups
and —OH groups of the amino alcohols, which have
strong nucleophilic properties, attacked the acyl
carbons. As a result of that reaction, chiral pyra-
zole-3-carboxamides 4a-c and different novel chi-
ral pyrazole-3-carboxylates 5a-c were obtained in
88-12 % yield (Scheme 1). On the other hand, we
used pyrazole-3-carboxylate 3 as starting com-
pound to obtain pyrazole-3-carboxamide 4a-c de-
rivatives as the sole products. All of the synthe-
sized compounds were characterized by spectro-
scopic methods (see experimental part).

The IR spectrum of chiral pyrazole-3-car-
boxylate 5a-c showed absorption bands at 3125-
3142 cm™ corresponding to —NH; groups and at
1710-1708 cm corresponding to ester carbonyl
groups. The THNMR spectra of 5a-c revealed sig-
nals of -CH=, -CH, and —NH- protons at 3.4-2.8,
4.4-3.7, 1.9-1.5 ppm, respectively. Their ®*CNMR
spectra revealed the carbonyl signals of benzoyl
groups at 194.6-191.4 ppm and the carbonyl of
ester groups at 163.6-158.3 ppm.
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Scheme 1. Synthesis of chiral pyrazole-centered carboxamide 4a-c and ester 5a-c derivatives

To afford the synthesis of chiral molecules,
we prepared a series of chiral pyrazolo-thiourea
derivatives (7a-c) by the reactions of 4-benzoyl-1-
(2,5-dimethylphenyl)-5-phenyl-1H-pyrazole-3-car-
bonyl-isothiocyanate (6) and the chiral amino al-
cohols (Scheme 2) [21]. The structures of the syn-
thesized chiral molecules were confirmed by spec-

NH

R

O
2
oy Ph
N > / \N
Ph N’ Ph N’
H;C

troscopic methods and by comparing physical
properties such as melting points to the data in our
previous work [22]. Finally, we investigated, for
the first time, the synthesized compounds that pos-
sess tetrasubstituted pyrazole derivatives for their
catalytic properties in asymmetric synthesis reac-
tions.

OH

S
S

P

N H

H 7R
a | -Ph

3

b | -CH(CH;),
C - C2H5

/@CH

Ta-c

Scheme 2. Synthesis of chiral pyrazolo-thiourea derivatives, 7a-c

Moreover, the bidentate chiral compounds
have shown better catalytic activity in asymmetric
synthesis, according to the results of a literature
search [27-29]. Therefore, to obtain bidentate chi-
ral compounds, the pyrazole-3,4-dicarboxyester 9
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was synthesized by an esterification reaction of the
starting compound 8 according to our data reported
previously [22]. Afterwards, compound 9 was con-
verted into the bidentate chiral derivatives 10a-c
by using chiral amino alcohols (Scheme 3).
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Scheme 3. Synthesis of chiral pyrazole-bis(carboxamide) derivatives 10a-c

Structure confirmations of chiral pyrazole-
3,4-dicarboxamide derivatives 10a-c are mainly
based on their *H and *CNMR spectral data. Sig-
nals of amide, methine and methylene carbon at-
oms are assigned at 170.0-163.8, 53.2-46.1, 62.3—
53.5 ppm, respectively. Signals observed at 10.6—
9.6, 4.8-4.2, 3.7-3.1 ppm in the tHNMR spectra of
10a-c point to signals of -NH, -CH=, and —CH»>—
protons, respectively.

Table 1

3.2. Catalytic studies

Eventually, all of the synthesized com-
pounds (4a-c, 5a-c, 7a-c, 10a-c) having chiral thi-
oureide, carboxamide, ester and dicarboxamide
groups were evaluated for enantiomeric recogni-
tion properties in the Henry reactions. Chiral lig-
ands were used as catalysts in the reaction between
nitromethane and p-nitrobenzaldehyde (Table 1,
entries 1-12). The reaction was performed in EtOH
at 35 °C with CuCl.

The Henry reaction between nitromethane and p-nitrobenzaldehyde®

OH
CHO Ligands, CuCl NO;,
/©/ + CH;NO, 5 >
O,N C,H;OH, 35°C, 24h O,N
Entry Catalyst Solvent Lewisacid t(hour) Temp.(°C) Yield® (%) Ee° (%) (R)

1 4a EtOH CuCl 24 35 76 14

2 4b EtOH CuCl 24 35 78 11

3 4c EtOH CuCl 24 35 72 7

4 5a EtOH CuCl 24 35 12 <5

5 5b EtOH CuCl 24 35 15 <5

6 5c EtOH CuCl 24 35 15 <5

7 7a EtOH CuCl 24 35 70 32

8 7b EtOH CuCl 24 35 65 16

9 7c EtOH CuCl 24 35 65 16

10 10a EtOH CuCl 24 35 86 54

11 10b EtOH CuCl 24 35 88 36

12 10c EtOH CuCl 24 35 90 32

a. Reaction conditions: aldehyde (0.1 mmol), nitromethane (0.1 mmol), catalyst (0.01 mmol)

b. Isolated yield

¢. Enantiomer excesses were determined by chiral HPLC and absolute configurations (R-isomer
or S-isomer) were assigned by comparison of optical rotation data and retention time with

the literature data [30-32].
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Compound 10a was selected to optimize re-
action conditions in which temperature, solvent,
Lewis acid and reaction time (Table 2, entries 1-
13) were investigated. Decreases in the tempera-
ture resulted in decreasing both chemical yields
and enantioselectivities (Table 2, entries 2, 11 and
12), and when the reaction was performed at 35 °C,
the aldol product was obtained in 54 % ee. The
various solvents evaluated for the asymmetric Hen-

Table 2

ry reactions between nitromethane and p-nitroben-
zaldehyde are shown in Table 2 (entries 1-4).
When the ligand 10a was used for the nitro aldol
reaction under similar conditions, poor yields were
obtained both in DMF and THF, and they gave 10,
12 enantioselectivity (Table 2, entries 1, 4). Etha-
nol was found to be the best solvent for this reac-
tion (Table 2, entry 2).

Screening of reaction parameters for Henry reaction?

Entry Catalyst Solvent Lewis Acid t(hour) Temp. (°C) Yield® (%) Ee® (%) (R)
1 10a DMF CuCl 24 35 42 12
2 10a EtOH CuCl 24 35 86 54
3 10a CHCl: Cucl 24 35 72 16
4 10a THF CuCl 24 35 54 10
5 10a EtOH  Cu(OAc)2 24 35 80 20
6 10a EtOH Cul 24 35 82 24
7 10a EtOH CuBr 24 35 40 <5
8 10a EtOH CuCl 12 35 80 <5
9 10a EtOH CuCl 36 35 64 20
10 10a EtOH CuCl 48 35 50 <5
11 10a EtOH CuCl 24 0 64 <5
12 10a EtOH CuCl 24 20 70 22
13 10a EtOH CuCl 24 50 84 <5

a. Reaction conditions: aldehyde (0.1 mmol), nitromethane (0.1 mmol), catalyst (0.01 mmol)

b. Isolated yield

c. Enantiomer excesses were determined by chiral HPLC and absolute configurations (R-isomer
or S-isomer) were assigned by comparison of optical rotation data and retention time with

the literature data [30-32].

The Lewis acids used in this study are
shown in Table 2 (entries 2, 5-7). CucCl,
Cu(OAC)z, Cul and CuBr were chosen for the nitro
aldol reactions. CuCl was found to give the best
results for both chemical yield and enantioselectiv-
ity values for this catalyst reaction (Table 2, entry
2). CuBr did not show good selectivity, and the
reaction in CuBr gave enantiomeric excess down
to 5 % (Table 2, entry 7). In addition, the optimal
time for asymmetric Henry reactions was investi-
gated (Table 2, entries 2, 8-10). For example,
when the reaction was performed for 12 hours, ee
<5 % and 80 % yield were obtained (Table 2, en-
try 8). When the reaction was performed for 24
hours, a high yield (86 %) and enantioselectivity
(54 %) were obtained (Table 2, entry 2). However,
if the reaction was performed for 36 hours, a high
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yield (64 %) but low enantioselectivity (20 %)
were obtained (Table 2, entry 9). Moreover, when
the reaction lasted 48 hours, a moderate yield (50
%) and low enantioselectivity (< 5 %) were ob-
tained (Table 2, entry 10). In summary, appropriate
temperature, solvent, Lewis acid, and reaction time
were indicated by several tests, and the optimized
conditions are shown in Table 2, entries 1-13.
Under optimized conditions, ligand 10a
showed more enantioselectivity than the other lig-
ands (Table 1). This may be due to the fact that the
phenyl moieties interacted with p-nitrobenzal-
dehyde and the aromatic ring provided steric hin-
drance during the reaction. It was difficult for the
substrate to combine with copper complex. The
catalytic mechanism of compound 10a, proposed
based on literature [32], is given in the Figure 2.
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CH;NO,

CH,

Fig. 2. Proposed catalytic mechanism of asymmetric nitro aldol reaction for 10a

3.2. Computational studies

Optimized geometry structures of the com-
pounds obtained from B3LYP/6-31++G(d,p) com-
putations are given in Figure 3. Hydrogens are sub-
tracted from the systems for clarity. According to
the data in Table 1, compounds 10a-c showed bet-
ter yields and enantioselectivity over the others,
10a being the best. The geometry optimized struc-
tures indicate that the coordination cavity for a Cu*
cation can be observed to be better for these sys-
tems than the others. This may account for the in-
creased yield and selectivity. 3D electrostatic po-
tential maps for the present structures are shown in
Figure 4. Red areas indicate more negative electron
development. Structures 4a and 10a possess the
most suitable cavities for complexation with a
copper cation in the intermediate step, which is
reflected by the high yields with these ligands.

The Highest Occupied Molecular Orbital
(HOMO) implies the outermost filled orbital, and it
behaves as an electron donor. On the other hand,
the Lowest Unoccupied Molecular Orbital (LU-
MO) can be considered to be the unfilled orbital
with lowest energy, and it behaves as an electron
acceptor. HOMO and LUMO are also called the
frontier molecule orbitals (FMOs). The energy gap
between FMOs gives information about the chemi-
cal stability of a molecule, and it is an important
parameter in terms of electronic transport proper-
ties. In Figure 5, a part of the orbital energies (in
eV) and three-dimensional HOMO and LUMO
energy schemes for 4a and 10a are given. HOMO
and LUMO orbitals are located around the carbon-
yl moiety for 4a. However, they are found to be on
the pyrazole moiety in 10a. The computed HOMO
and LUMO energies are —6.16 and —2.15 eV for
4a, and —6.48 and —1.18 eV for 10a.
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Fig. 3. Geometry optimized structures of the novel compounds
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Fig. 5. FMO schemes and energies of 4a and 10a

4. CONCLUSIONS

In conclusion, several kinds of organocata-
lysts with a tetra substituted pyrazole skeleton have
been efficiently employed for asymmetric aldol
reactions in which the pyrazoles bear chiral thiou-
reide, carboxamide, ester and dicarboxamide
groups. The bidentate chiral compound 10a has
shown the best catalytic activity. In addition, these
synthesized catalysts may be applied to the other
asymmetric synthesis reactions. For this reason, the
methods developed for the synthesis of these com-
pounds are becoming more important. Apart from
the synthetic procedures, some computations have
been performed to gain information about the

structural and electronic properties of these com-
pounds.
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