
HETEROCYCLES, Vol. 82, No. 1, 2010, pp. 543 - 554. © The Japan Institute of Heterocyclic Chemistry   
Received, 3rd May, 2010, Accepted, 7th June, 2010, Published online, 8th June, 2010  
DOI: 10.3987/COM-10-S(E)25 

AN EFFICIENT SYNTHESIS OF METHYL ESTERS OF 

HETEROCYCLIC α,β-DIDEHYDRO-α-AMINO ACID DERIVATIVES
#
  

Franc Požgan, Klavdija Lukman, and Marijan Kočevar* 

Faculty of Chemistry and Chemical Technology, University of Ljubljana, 

Aškerčeva 5, SI-Ljubljana, Slovenia, e-mail: marijan.kocevar@fkkt.uni-lj.si 

Abstract – N-Benzoyl-protected α,β-didehydro-α-amino acid (DDAA) 

derivatives containing a pyrazole or an isoxazole ring at the β-position were 

transformed with diazomethane into the corresponding methyl esters. Applying 

this method, the double C=C bond of the DDAA derivatives was not affected, 

thus selectively giving the corresponding esters in good-to-excellent yields. 

INTRODUCTION 

Non-proteinogenic α-amino acids can exhibit peculiar properties once incorporated into peptides, and are 

attracting increasing interest from researchers in the fields of organic chemistry, medicinal chemistry, and 

protein engineering.
1
 From among them, the DDAAs

2
 have received particular attention since they 

constitute many naturally occurring peptides that show important biological properties.
3
 For example, 

lantibiotic peptides, as a group of potent antibacterial agents, contain some unusual amino acids and 

DDAAs, such as didehydroalanine or didehydroaminobutyric acid.
4
 The incorporation of DDAA into 

peptide sequences introduces conformational constraints, making these peptides models in the study of 

enzyme-binding mechanisms.
5
 Thus, one of the major goals in modern amino acid chemistry is to 

develop conformationally restricted amino acid derivatives that may lead to enhanced biological activity 

by decreasing the degree of freedom of the peptide into which they are incorporated. Moreover, the 

asymmetric hydrogenation of DDAA derivatives would provide a simple and relatively efficient method 

for the preparation of optically active natural and unnatural amino acid derivatives
6
 for applications in a 

variety of fields.  

2H-pyran-2-ones containing the 3-amino functionality (protected or not), and which are easily prepared 

by simple one-pot methods,
7
 can be regarded as the cyclic analogues of DDAA derivatives. As a part of 
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our investigations of the transformation of the 2H-pyran-2-one derivatives with different nucleophilic 

reagents,
2d

 we have developed a straightforward method for the preparation of novel types of DDAA 

derivatives containing a substituted pyrazole, isoxazole or pyrimidine ring at the β-position, starting from 

5-acyl-3-benzoylamino-2H-pyran-2-ones and substituted hydrazines, hydroxylamines or amidines.
8
 These 

reactions led mainly to the formation of heterocyclic DDAA derivatives with an (E)-configuration around 

the C=C double bond; in some cases, however, mixtures of (E)- and (Z)-isomers were obtained. In this 

paper we present a selective transformation of pyrazole- or isoxazole-bearing DDAA derivatives with 

diazomethane that afforded the corresponding methyl esters as the sole products. 

RESULTS AND DISCUSSION 

The previously described reactions of 5-acetyl- and 5-benzoyl-3-benzoylamino-6-methyl-2H-pyran-2-one 

with hydroxylamine gave mixtures of the (E)- and (Z)-β-isoxazolyl-DDAA derivatives (1a) and (1b) 

(Scheme 1, Table 1), which were not completely separable by ordinary chromatographic techniques due 

to the close Rf factors.
8c

 The structures of their minor components were proposed on the basis of a 

comparison of the 
1
H and 

13
C NMR chemical shifts of a series of DDAA derivatives as well as on the 

basis of 2D-NMR experiments performed with mixtures of (E/Z)-1a and (E/Z)-1b. We wanted to improve 

the possibility of separation of the above mixtures by transforming them into their appropriate derivatives. 

Therefore, we decided to prepare their methyl esters, for which we believed they would be more easily 

separable.
8d

 We decided to use diazomethane for this purpose.
9
 Diazomethane is known to react very well 

with carboxylic acids to give their esters, but its 1,3-dipolar cycloadditions with C=C double bonds have 

also been documented.
10

 It is interesting to note that in the literature there are only very few examples of 

the preparation of DDAA methyl esters from the corresponding free acids by a reaction with 

diazomethane.
11

 On the other hand, it has been shown that DDAA derivatives can react with 

diazomethane, in addition to their esterification, also with the C=C double bond to give the corresponding 

pyrazolines or their decomposition products.
12

 On this basis, in our case we cannot exclude the formation 

of rather complex mixtures of products.
 
However, the reaction of an excess of diazomethane (used as a 

solution in diethyl ether) with the 70/30 mixture of (E/Z)-1a gave a mixture of the corresponding methyl 

esters (E/Z)-(2a) in the same ratio. This allowed us to separate the (E)- and (Z)-isomers by a partial 

crystallization and radial chromatography, and then unequivocally to confirm the structures of the starting 

acids. On the other hand, we were able to isolate only the major product (Z)-(2b) in a 38% yield by radial 

chromatography of the reaction mixture of (E/Z)-2b esters due to the small amount of (E)-isomer in the 

mixture. Since the reactions in these two cases were very selective and yielded esters as the sole products, 

we then decided to examine the action of diazomethane on a series of DDAA derivatives containing the 

pyrazolyl moiety at the -position. Thus, compounds (1c–o) were treated with diazomethane in short 
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reaction times (0.5–2 h) and successfully transformed into the corresponding methyl esters (2c–o). After 

the completion of the reaction, the reaction mixture was evaporated, resulting in an oily residue, which 

was treated in different ways so as to isolate the product. The products (2c–g), (2i–l) and (2o) were 

simply precipitated by the addition of petroleum ether or diethyl ether to the evaporated reaction mixtures 

and isolated in 73–98% yields. The product (2h) was isolated by crystallization from ethanol in a 56% 

yield. The reaction of the acid (1m) containing an additional carboxylic functionality at the phenyl moiety 

attached to the pyrazole ring resulted in the ester (2n), with both carboxylic groups being methylated; this 

product was isolated in a 66% yield after purification on a chromatotron. In the 
1
H NMR spectra of all the 

isolated products (2) no additional signals were observed that could correspond to the eventually formed 

1,3-cycloadducts, thus revealing that this method clearly gave only the products with the methylated 

carboxylic group. 
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Scheme 1. Synthesis of α,β-didehydro-α-amino acid methyl esters 

  

Table 1: Reaction of Acids (1) with Diazomethane 

Entry Acid 1 Time (h) Product 2 (yield; %)
a
 

1 E-1a/Z-1a (70/30)
b 

1 E-2a (35)
c
/Z-2a (17)

c
 

2 E-1b/Z-1b (17/83)
b
 1 Z-2b (34)

c
 

3 E-1c 0.5 E-2c (88) 

4 E-1d 0.5 E-2d (94) 

5 E-1e 0.5 E-2e (93) 

6 E-1f 0.5 E-2f (73) 
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7 E-1g 0.5 E-2g (94) 

8 E-1h 0.5 E-2h (56)
d 

9 E-1i 0.5 E-2i (98) 

10 E-1j 0.5 E-2j (98) 

11 E-1k 0.5 E-2k (89) 

12 E-1l 0.5 E-2l (97) 

13 E-1m 2 E-2n (66)
c 

14 E-1o 0.5 E-2o (92) 

15 E-1p 24 E-2o (21),
c
 E-2p (24),

c
 E-2r 

(35)
c
 

a
Yields of isolated products are given. 

b
Ratio determined on the basis of 

1
H NMR data of crude mixture. 

c
Yield after separation by radial chromatography. 

d
Yield after crystallization. 

 

The resonance signals for the 3-H protons of pairs of the methyl esters (2) and the starting acids (1) had 

practically the same chemical shift values (the maximum difference being 0.04 ppm) indicating the same 

configuration of C=C double bond of the esters and the starting acids. Additionally, as expected,
8bd

 the 

(Z)-products (Z)-(2a) and (Z)-(2b) show a downfield shift for the 3-H of about 0.5 ppm with respect to 

their (E)-isomers (6.43 vs. 6.94 ppm in the case of (E)- and (Z)-2a). 

Interesting results were obtained in the 24-hour reaction of the compound (1p) with an excess of 

diazomethane. Namely, after the separation of the reaction mixture by radial chromatography, three 

products were isolated. One of them was identified as the expected methyl ester (2p). A careful NMR 

investigation of the other two revealed the regioisomeric structures (2o) and (2r), originating from 

additional methylation of the pyrazole nitrogen atoms. 

In the 
1
H NMR spectrum of the compound (2p), recorded in DMSO-d6 at 29 ºC, we observed two slightly 

separated singlets at 2.10 and 2.15 ppm for the protons of the methyl group on the pyrazole ring, whereas 

for the pyrazole N-H proton, two broad singlets (12.78 and 12.94 ppm) of unequal intensities were found. 

We assumed that the double signals originated from the tautomerism of the pyrazole ring (Figure 1), 

which was supported by evidence in the literature.
13

 When the 
1
H NMR spectrum of 2p was recorded at 

80 ºC the signals for the methyl protons coalesced to form a broad singlet; the same also happened with 

the two N-H signals. This tautomerism can also explain the formation of the two products (2o) and (2r). 

Namely, each of the two tautomeric forms (2p and 2p') was trapped by diazomethane, yielding the 

N-methylated regioisomeric products (2o) and (2r), respectively. 
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Figure 1. Tautomeric forms of 2p 

 

The structures of the compounds (2o) and (2r) were established on the basis of their NMR spectroscopic 

data. The resonance signals in their 
1
H NMR spectra differed only slightly in terms of the chemical shift 

values of the pyrazole moiety, thus pointing to structures with two different arrangements of methyl and 

phenyl groups attached to the pyrazole ring. We have previously shown that heterocyclic didehydroamino 

acids, regioisomeric in the pyrazole ring, can be differentiated on the basis of the 
13

C chemical shifts of 

the 3'-C and 5'-C carbon atoms of the pyrazole ring.
8bd

 Namely, the resonance signal for the 3'-C was 

always shifted downfield with regard to the signal for the 5'-C. In the 
1
H-

13
C HMBC spectrum of the 

compound (2o), the ortho protons of the phenyl group attached to the pyrazole ring correlated with the 

carbon atom at 147.0 ppm, revealing the position of this carbon to be 3'-C. Furthermore, the protons of 

both methyl groups on the pyrazole ring correlated with the carbon at 138.2 ppm (5'-C). Additionally, a 

NOE difference experiment with the compound (2o) was carried out. Saturation of the 5'-Me (2.15 ppm) 

signal showed a slight enhancement (3.3%) on the resonance of the 1'-Me (3.79 ppm), indicating the 

spatial proximity of both methyl groups attached to the pyrazole ring. On the other hand, the HMBC 

spectrum of the compound (2r) revealed that the pyrazole carbon atom bearing the phenyl moiety was 

5'-C (141.4 ppm). The protons of the methyl group attached at position 1 (N-Me) also correlated with this 

carbon atom (5'-C), while the protons of the second methyl group correlated with the carbon atom at 

144.8 ppm (3'-C). The structure of the compound (2o) was further confirmed by an independent synthesis 

of the methyl ester from the acid (1o). 

To exclude any eventual isomerization during the reaction, the configuration of the C2,C3 double bond of 

some products was also determined on the basis of their NOESY spectra, which were taken for the 

compounds (E)-(1d), (E)-(2a), (Z)-(2a), (Z)-(2b), (E)-(2i), (E)-(2j), (E)-(2o), (E)-(2p) and (E)-(2r). In the 

case of the E-products we observed a NOE between the PhCONH and 3-H, while it was not observed in 

the case of the Z-products. 

In conclusion, we have presented a simple and general method for the preparation of the methyl esters of 

α,β-didehydro-α-amino acids containing a pyrazole or isoxazole ring at the β-position. By the application 

of an excess of diazomethane only the carboxylic group was methylated, while the C=C double bond was 

not affected. After a prolonged reaction time the pyrazole NH groups can also react, yielding 
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N-methylated products as a result of pyrazole tautomerism. In contrast to some previously described 

transformations of differently substituted DDAA derivatives with diazomethane,
12

 the formation of 

N-methylated products is evidence of a high resistance of the C=C double bond of our derivatives to 

dipolar cycloaddition; even N-methylation occurs more easily than the addition to the C=C double bond. 

It is not easy to explain such behavior of our DDAA derivatives. One of the reasons for the resistance of 

the C=C double bond might be its conjugation with the heterocyclic ring or eventual steric hindrances 

within the compound. The formation of DDAA esters was also confirmed as a tool for the separation of 

DDAA derivatives. 

EXPERIMENTAL 

Acids (1) were prepared by previously described methods.
8a-d

 Diazomethane was prepared as described in 

the literature.
9
 All other reagents and solvents were used as obtained from commercial suppliers. 

Melting points were determined on a Kofler micro hot stage, and are uncorrected. NMR spectra were 

recorded at 29 ºC with a Bruker Avance DPX 300 in DMSO-d6. 
1
H NMR spectra were recorded at 300 

MHz using TMS as an internal standard. 
13

C NMR spectra were recorded at 75.5 MHz and are referenced 

against the central line of the residual DMSO (present in DMSO-d6) septet at 39.5 ppm. The coupling 

constants J are given in Hz. IR spectra were obtained with a Bio-Rad FTS 300MX. MS spectra were 

recorded with a VG-Analytical AutoSpec Q instrument. Elemental analyses (C, H, N) were performed 

with Perkin-Elmer 2400 CHN and CHNS/O Analyzers. TLC was carried out on Fluka silica gel TLC 

cards. Merck silica gel 60 PF254 containing gypsum was used to prepare chromatotron plates. 

 

(E)-2-(Benzoylamino)-3-(1,3,5-trimethyl-1H-pyrazol-4-yl)propenoic acid (E-1d). A mixture of 

5-acetyl-3-benzoylamino-6-methyl-2H-pyran-2-one (542 mg, 2 mmol) and methylhydrazine (102 mg, 2.2 

mmol) in a mixture of absolute ethanol (8 mL) and pyridine (2 mL) was stirred at room temperature for 

50 min. The solvent was removed in vacuo and water (8 mL) was added to the residue. The pH of the 

resulting mixture was adjusted to 2 by 9% hydrochloric acid. Upon cooling the solid material was filtered 

off and washed with a small amount of water to give 1d (587 mg, 98%). 

White solid; mp 180–183 °C (EtOAc). IR (KBr) νmax/cm
-1

: 3292 br, 1659, 1528. 
1
H NMR (300 MHz): δ 

2.03 (s, 3H, Me), 2.11 (s, 3H, Me), 3.64 (s, 3H, Me), 6.53 (s, 1H, 3-H), 7.52 (m, 3H, Ph), 7.93 (m, 2H, 

Ph), 10.12 (s, 1H, NH), 12.49 (br s, 1H, OH). 
13

C NMR (75.5 MHz): δ 10.3, 12.5, 35.7, 112.1, 118.5, 

127.6, 128.2, 128.4, 131.7, 133.5, 137.3, 144.6, 165.2, 166.1. MS-EI: m/z (%) = 299 (M
+
, 52), 105 (100). 

Anal. Calcd for C16H17N3O3: C, 64.20; H, 5.72; N, 14.04. Found: C, 64.22; H, 5.81; N, 13.97. 

 

General procedure for the preparation of the esters (2). A solution of diazomethane in diethyl ether 
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(30 mL) was added dropwise into the stirred solution of 1 (2 mmol) in MeOH (5–15 mL). After stirring at 

room temperature for the time indicated in Table 1, the reaction mixture was evaporated under reduced 

pressure. The oily residue was further treated as follows. 

Methyl (E/Z)-2-(benzoylamino)-3-(3,5-dimethylisoxazol-4-yl)propenoate (E/Z-2a). The evaporated 

residue was crystallized from MeOH to give, after filtration, E-2a (23%). The filtrate was separated on a 

chromatotron (petroleum ether–EtOAc, 3:1) to give an additional amount of E-2a (13%) and Z-2a (17%). 

Data for E-2a: White solid; mp 161–164 °C (MeOH). IR (KBr) νmax/cm
-1

: 3250 br, 1724, 1648. 
1
H NMR 

(300 MHz): δ 2.12 (s, 3H, Me), 2.25 (s, 3H, Me), 3.64 (s, 3H, OMe), 6.43 (s, 1H, 3-H), 7.53 (m, 2H, Ph), 

7.61 (m, 1H, Ph), 7.94 (m, 2H, Ph), 10.55 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 10.0, 11.4, 52.1, 110.1, 

112.0, 127.7, 128.5, 131.9, 132.1, 132.7, 158.6, 164.4, 165.3, 165.7. MS–EI: m/z (%) = 300 (M
+
, 18), 105 

(100). Anal. Calcd for C16H16N2O4: C, 63.99; H, 5.37; N, 9.33. Found C, 63.78; H, 5.33; N, 9.05. 

Data for Z-2a: White solid; mp 153.5–156.5 °C (MeOH). IR (KBr) νmax/cm
-1

: 3243 br, 1721, 1643. 
1
H 

NMR (300 MHz): δ 2.12 (s, 3H, Me), 2.21 (s, 3H, Me), 3.73 (s, 3H, OMe), 6.94 (s, 1H, 3-H), 7.53 (m, 3H, 

Ph), 7.90 (m, 2H, Ph), 9.97 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 10.4, 12.0, 52.2, 110.3, 119.9, 127.6, 

128.5, 129.4, 132.0, 132.9, 158.8, 164.7, 166.0, 167.1. MS-EI: m/z (%) = 300 (M
+
, 10), 105 (100). Anal. 

Calcd for C16H16N2O4: C, 63.99; H, 5.37; N, 9.33. Found C, 63.93; H, 5.49; N, 9.15. 

Methyl (Z)-2-(benzoylamino)-3-(3-methyl-5-phenyl-isoxazol-4-yl)propenoate (Z-2b). The evaporated 

residue was purified on a chromatotron (petroleum ether–EtOAc, 3:1) to give Z-2b. 

Yellowish solid; mp 135–137 °C (EtOH). IR (KBr) νmax/cm
-1

: 3264 br, 1732, 1670. 
1
H NMR (300 MHz): 

δ 2.16 (s, 3H, Me), 3.75 (s, 3H, OMe), 7.00 (s, 1H, 3-H), 7.40 (m, 5H, Ph), 7.52 (m, 1H, Ph), 7.64 (m, 4H, 

Ph), 9.87 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 10.4, 52.3, 109.6, 118.5, 126.6, 127.3, 127.5, 128.1, 128.9, 

130.3, 131.1, 131.8, 132.8, 159.5, 164.7, 165.4, 165.6. MS–EI: m/z (%) = 362 (M
+
, 4), 105 (100). Anal. 

Calcd for C21H18N2O4: C, 69.60; H, 5.01; N, 7.37. Found C, 69.53; H, 5.01; N, 7.69. 

Methyl (E)-2-(benzoylamino)-3-(3,5-dimethyl-1H-pyrazol-4-yl)propenoate (E-2c). After the addition 

of Et2O (8 mL) to the evaporated residue E-2c was filtered off. 

White solid; mp 153–156 °C (MeOH/H2O). IR (KBr) νmax/cm
-1

: 3326, 3277 br, 1725, 1640, 1613, 1574, 

1531. 
1
H NMR (300 MHz): δ 2.05 (br s, 6H, two Me), 3.62 (s, 3H, OMe), 6.52 (s, 1H, 3-H), 7.55 (m, 3H, 

Ph), 7.93 (m, 2H, Ph), 10.33 (s, 1H, NH), 12.28 (br s, 1H, NH). 
13

C NMR (75.5 MHz): δ 10.0, 12.2, 51.8, 

110.8, 118.5, 126.9, 127.7, 128.4, 131.9, 133.1, 137.3, 144.5, 165.26, 165.28. MS–EI: m/z (%) = 299 (M
+
, 

32), 105 (100). Anal. Calcd for C16H17N3O3: C, 64.20; H, 5.72; N, 14.04. Found C, 63.95; H, 5.89; N, 

13.94. 

Methyl (E)-2-(benzoylamino)-3-(1,3,5-trimethyl-1H-pyrazol-4-yl)propenoate (E-2d). After the 

addition of petroleum ether (8 mL) to the evaporated residue E-2d was filtered off.  

Off-white solid; mp 58–61 °C (petroleum ether/EtOAc). IR (KBr) νmax/cm
-1

: 3255 br, 1721, 1661. 
1
H 
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NMR (300 MHz): δ 1.99 (s, 3H, 3'-Me), 2.09 (s, 3H, 5'-Me), 3.62 (s, 3H, OMe), 3.65 (s, 3H, 1'-Me), 6.52 

(s, 1H, 3-H), 7.56 (m, 3H, Ph), 7.93 (m, 2H, Ph), 10.34 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 10.0, 12.2, 

35.7, 51.8, 111.6, 118.4, 127.1, 127.6, 128.4, 131.9, 133.0, 137.3, 144.4, 165.1, 165.2. MS–EI: m/z (%) = 

313 (M
+
, 73), 105 (100). HRMS–EI: m/z (M

+
) calcd for C17H19N3O3 313.1426; found: 313.1430. Anal. 

Calcd for C17H19N3O3×⅓H2O: C, 63.94; H, 6.21; N, 13.16. Found C, 64.05; H, 6.62; N, 13.16. 

Methyl (E)-2-(benzoylamino)-3-(1-tert-butyl-3,5-dimethyl-1H-pyrazol-4-yl)propenoate (E-2e). After 

the addition of Et2O (8 mL) to the evaporated residue E-2e was filtered off. 

White solid; mp 116–119 °C (EtOH/H2O). IR (KBr) νmax/cm
-1

: 3292 br, 2982, 1727, 1643, 1520. 
1
H 

NMR (300 MHz): δ 1.55 (s, 9H, t-Bu), 1.98 (s, 3H, Me), 2.25 (s, 3H, Me), 3.60 (s, 3H, OMe), 6.52 (s, 1H, 

3-H), 7.54 (m, 3H, Ph), 7.93 (m, 2H, Ph), 10.33 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 12.6, 13.0, 29.7, 

51.7, 59.2, 113.7, 118.5, 127.6, 127.8, 128.4, 131.9, 133.1, 136.4, 142.6, 165.0, 165.2. MS–EI: m/z (%) = 

355 (M
+
, 43), 105 (100). Anal. Calcd for C20H25N3O3: C, 67.58; H, 7.09; N, 11.82. Found C, 67.55; H, 

7.30; N, 11.65. 

Methyl (E)-2-(benzoylamino)-3-(1-benzyl-3,5-dimethyl-1H-pyrazol-4-yl)propenoate (E-2f). After the 

addition of petroleum ether (8 mL) to the solid residue E-2f was filtered off. 

White solid; mp 33–36 °C (petroleum ether). IR (KBr) νmax/cm
-1

: 3267 br, 1726, 1659. 
1
H NMR (300 

MHz): δ 2.04 (s, 3H, Me), 2.06 (s, 3H, Me), 3.57 (s, 3H, OMe), 5.24 (s, 2H, CH2), 6.55 (s, 1H, 3-H), 7.09 

(m, 2H), 7.30 (m, 3H), 7.54 (m, 3H) and 7.93 (m, 2H) (two Ph), 10.36 (s, 1H, NH). MS–EI: m/z (%) = 

389 (M
+
, 35), 91 (100). HRMS-EI: m/z (M

+
) calcd for C23H23N3O3 389.1739; found: 389.1750. 

Methyl (E)-2-(benzoylamino)-3-(3,5-dimethyl-1-phenyl-1H-pyrazol-4-yl)propenoate (E-2g). After 

the addition of petroleum ether (8 mL) to the solid residue E-2g was filtered off.  

Brownish solid; mp 138–140 °C (MeOH/H2O). IR (KBr) νmax/cm
-1

: 3281, 1734, 1643. 
1
H NMR (300 

MHz): δ 2.12 (s, 3H, Me), 2.19 (s, 3H, Me), 3.67 (s, 3H, OMe), 6.60 (s, 1H, 3-H), 7.38–7.65 (m, 8H) and 

7.95 (m, 2H) (two Ph), 10.43 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 11.8, 12.4, 51.9, 113.9, 117.2, 124.1, 

127.2, 127.7, 128.4, 128.6, 129.1, 131.9, 133.0, 137.2, 139.2, 147.0, 165.0, 165.3. MS–EI: m/z (%) = 375 

(M
+
, 65), 105 (100). Anal. Calcd for C22H21N3O3: C, 70.38; H, 5.64; N, 11.19. Found C, 70.41; H, 5.79; N, 

10.94. 

Methyl (E)-2-(benzoylamino)-3-[1-(imidazo[1,2-b]pyridazin-6-yl)-3,5-dimethyl-1H-pyrazol-4-yl]-

propenoate (E-2h). The solid residue was crystallized from EtOH to give E-2h. 

White solid; mp 125–127.5 °C (EtOH). IR (KBr) νmax/cm
-1

: 3273 br, 1728, 1662. 
1
H NMR (300 MHz): δ 

2.18 (s, 3H, Me), 2.51 (s, 3H, Me), 3.65 (s, 3H, OMe), 6.61 (s, 1H, 3-H), 7.51–7.65 (m, 3H, Ph), 7.73 (d, 

J = 9.8 Hz, 1H, 7"-H), 7.81 (d, J = 1.2 Hz, 1H, 2"-H), 7.96 (m, 2H, Ph), 8.25 (dd, 1H, J1 = 9.8 Hz, J2 = 

0.8 Hz, 8"-H), 8.295 (dd, 1H, J1 = 1.2 Hz, J2 = 0.8 Hz, 3"-H), 10.52 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 

12.4, 13.0, 52.0, 113.3, 115.5, 116.3, 117.6, 127.4, 127.7, 128.5, 130.4, 132.0, 132.9, 134.1, 137.2, 138.8, 
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148.6, 149.2, 164.7, 165.3. MS–EI: m/z (%) = 416 (M
+
, 23), 105 (100). HRMS–EI: m/z (M

+
) calcd for 

C22H20N6O3 416.1597; found: 416.1605. 

Methyl (E)-2-(benzoylamino)-3-(3-methyl-1,5-diphenyl-1H-pyrazol-4-yl)propenoate (E-2i). After the 

addition of petroleum ether (8 mL) to the evaporated residue E-2i was filtered off.  

Brownish solid; mp 143.5–148 °C (MeOH/H2O). IR (KBr) νmax/cm
-1

: 3264 br, 1738, 1641. 
1
H NMR (300 

MHz): δ 2.17 (s, 3H, Me), 3.50 (s, 3H, OMe), 6.44 (s, 1H, 3-H), 7.18 (m, 4H), 7.33 (m, 6H), 7.49 (m, 2H), 

7.57 (m, 1H) in 7.90 (m, 2H) (three Ph), 10.36 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 12.5, 51.7, 114.7, 

116.1, 124.6, 127.1, 127.7, 128.40, 128.45, 128.49, 128.6, 128.8, 129.6, 129.9, 132.0, 132.8, 139.4, 140.8, 

147.2, 164.6, 165.1. MS–EI: m/z (%) = 437 (M
+
, 17), 105 (100). Anal. Calcd for C27H23N3O3: C, 74.13; H, 

5.30; N, 9.60. Found C, 74.10; H, 5.34; N, 9.75. 

Methyl 

(E)-2-(benzoylamino)-3-[3-methyl-1-(2-methylphenyl)-5-phenyl-1H-pyrazol-4-yl]propenoate (E-2j). 

After the addition of petroleum ether (8 mL) to the evaporated residue E-2j was filtered off.  

White solid; mp 88–90 °C (EtOH/H2O). IR (KBr) νmax/cm
-1

: 3566, 3331, 3248, 1723, 1655. 
1
H NMR 

(300 MHz): δ 1.89 (s, 3H, Me), 2.17 (s, 3H, Me), 3.47 (s, 3H, OMe), 6.53 (s, 1H, 3-H), 7.13 (m, 2H), 7.27 

(m, 7H), 7.53 (m, 3H) in 7.92 (s, 2H) (two Ph, C6H4), 10.36 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 12.4, 

16.9, 51.6, 112.9, 116.4, 126.4, 127.7, 128.17, 128.22, 128.3, 128.4, 128.8, 129.0, 129.3, 130.1, 130.6, 

132.0, 132.9, 135.1, 138.7, 142.0, 146.8, 164.6, 165.1. MS–EI: m/z (%) = 451 (M
+
, 25), 105 (100). 

HRMS–EI: m/z (M
+
) calcd for C28H25N3O3 451.1896; found: 451.1905. Anal. Calcd for 

C28H25N3O3×¾H2O: C, 72.32; H, 5.74; N, 9.04. Found C, 72.18; H, 5.88; N, 9.01. 

Methyl (E)-2-(benzoylamino)-3-[1-(4-chlorophenyl)-3-methyl-5-phenyl-1H-pyrazol-4-yl]propenoate 

(E-2k). After the addition of petroleum ether (8 mL) to the evaporated residue E-2k was filtered off.  

White solid; mp 193–195 °C (EtOH). IR (KBr) νmax/cm
-1

: 3243, 1731, 1639. 
1
H NMR (300 MHz): δ 2.17 

(s, 3H, Me), 3.50 (s, 3H, OMe), 6.43 (s, 1H, 3-H), 7.19 (m, 4H), 7.40 (m, 5H), 7.50 (m, 2H), 7.59 (m, 1H) 

in 7.89 (m, 2H) (two Ph, C6H4), 10.37 (s, 1H, NH). MS–EI: m/z (%) = 471 (M
+
, 46), 105 (100). Anal. 

Calcd for C27H22ClN3O3: C, 68.72; H, 4.70; N, 8.90. Found C, 68.86; H, 4.72; N, 8.82. 

Methyl (E)-2-(benzoylamino)-3-{3-methyl-5-phenyl-1-[3-(trifluoromethyl)phenyl]-1H-pyrazol-4-yl}-

propenoate (E-2l). After the addition of Et2O (8 mL) to the evaporated residue E-2l was filtered off. 

Yellowish solid; mp 211–213 °C (EtOH). IR (KBr) νmax/cm
-1

: 3262 br, 1726, 1640. 
1
H NMR (300 MHz): 

δ 2.20 (s, 3H, Me), 3.50 (s, 3H, OMe), 6.46 (s, 1H, 3-H), 7.22 (m, 2H), 7.39–7.67 (m, 10H) in 7.90 (m, 

2H) (two Ph, C6H4), 10.39 (s, 1H, NH). MS–EI: m/z (%) = 505 (M
+
, 24), 105 (100). Anal. Calcd for 

C28H22F3N3O3: C, 66.53; H, 4.39; N, 8.31. Found C, 66.65; H, 4.41; N, 8.29. 

Methyl (E)-2-(benzoylamino)-3-[1-(2-methoxycarbonylphenyl)-3-methyl-5-phenyl-1H-pyrazol-4-yl]-

propenoate (E-2n). The evaporated residue was purified on a chromatotron (petroleum ether–EtOAc, 
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5:3; then petroleum ether–EtOAc, 1:1) to give E-2n. 

White solid; mp 177–180 °C (EtOH/H2O). IR (KBr) νmax/cm
-1

: 3190 br, 1726, 1672. 
1
H NMR (300 

MHz): δ 2.15 (s, 3H, Me), 3.50 (s, 3H, OMe), 3.59 (s, 3H, OMe), 6.49 (s, 1H, 3-H), 7.11 (m, 2H), 7.29 (m, 

4H), 7.48–7.69 (m, 5H), 7.72 (dd, 1H, J1 = 7.5 Hz, J2 = 1.5 Hz), 7.90 (m, 2H) (two Ph, C6H4), 10.34 (s, 

1H, NH). 
13

C NMR (75.5 MHz): δ 12.4, 51.6, 52.1, 113.7, 116.3, 127.7, 128.3, 128.37, 128.40, 128.8, 

129.0, 129.4, 129.8, 130.0, 131.9, 132.2, 132.9, 138.3, 141.8, 147.1, 164.6, 165.1, 165.8 (two signals are 

missing). MS–EI: m/z (%) = 495 (M
+
, 35), 374 (100), 105 (86). Anal. Calcd for C29H25N3O5: C, 70.29; H, 

5.09; N, 8.48. Found C, 70.18; H, 5.08; N, 8.39. 

Methyl (E)-2-(benzoylamino)-3-(1,5-dimethyl-3-phenyl-1H-pyrazol-4-yl)propenoate (E-2o). After 

the addition of petroleum ether (8 mL) to the evaporated residue E-2o was filtered off.  

White solid; mp 158–162 °C (MeOH/H2O). IR (KBr) νmax/cm
-1

: 3269 br, 1732, 1645 cm
-1

. 
1
H NMR (300 

MHz): δ 2.15 (s, 3H, 5-Me), 3.45 (s, 3H, OMe), 3.79 (s, 3H, 1-Me), 6.63 (s, 1H, 3-H), 7.26–7.44 (m, 3H, 

Ph), 7.48–7.64 (m, 5H, Ph), 7.95 (m, 2H, Ph), 10.38 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 10.0, 36.3, 

51.6, 110.6, 118.0, 126.9, 127.2, 127.7, 128.36, 128.44, 129.0, 132.0, 132.9, 133.7, 138.2, 147.0, 164.6, 

165.1. MS–EI: m/z (%) = 375 (M
+
, 25), 105 (100). Anal. Calcd for C22H21N3O3: C, 70.38; H, 5.64; N, 

11.19. Found C, 70.64; H, 5.77; N, 10.91. 

Methyl (E)-2-(benzoylamino)-3-(5-methyl-3-phenyl-1H-pyrazol-4-yl)propenoate (E-2p) and methyl 

(E)-2-(benzoylamino)-3-(1,3-dimethyl-5-phenyl-1H-pyrazol-4-yl)propenoate (E-2r). The evaporated 

residue was separated on a chromatotron (CH2Cl2–MeOH, 50:1; then CHCl3–MeOH, 40:1) to give E-2p 

(24%) and E-2r (35%). 

Data for E-2p: White solid; mp 94–97 °C (MeOH/H2O). IR (KBr) νmax/cm
-1

: 3256 br, 1719, 1652, 1524 

cm
-1

. 
1
H NMR (300 MHz): δ 2.10 and 2.15 (two s, 3H, Me), 3.42 and 3.47 (two s, 3H, OMe), 6.64 (s, 1H, 

3-H), 7.27–7.67 (m, 8H), 7.94 (m, 2H) (two Ph), 10.37 (s, 1H, NH), 12.78 (br s) and 12.94 (br s) (1H, 

1'-H of both tautomers). MS–EI: m/z (%) = 361 (M
+
, 16), 105 (100). Anal. Calcd for C21H19N3O3: C, 

69.79; H, 5.30; N, 11.63. Found C, 69.63; H, 5.51; N, 11.52. 

Data for E-2r: White solid; mp 70–73 °C (H2O). IR (KBr) νmax/cm
-1

: 3274 br, 1728, 1654 cm
-1

. 
1
H NMR 

(300 MHz): δ 2.07 (s, 3H, Me), 3.46 (s, 3H, OMe), 3.68 (s, 3H, 1-Me), 6.37 (s, 1H, 3-H), 7.38–7.60 (m, 

8H) and 7.89 (m, 2H) (two Ph), 10.27 (s, 1H, NH). 
13

C NMR (75.5 MHz): δ 12.3, 36.9, 51.6, 112.2, 117.1, 

127.6, 128.4, 128.55, 128.57, 128.7, 129.4, 129.5, 131.9, 132.9, 141.4, 144.8, 164.7, 165.0. MS–EI: m/z 

(%) = 375 (M
+
, 48), 105 (100). Anal. Calcd for C22H21N3O3: C, 70.38; H, 5.64; N, 11.19. Found C, 70.23; 

H, 5.71; N, 11.09. 
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