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Abstract An efficient and straightforward approach has been estab-
lished for the preparation of a new class of depsipeptide structures via
isocyanide-based consecutive Bargellini–Passerini multicomponent re-
actions. 3-Carboxamido-isobutyric acids bearing an amide bond were
obtained via Bargellini multicomponent reaction from isocyanides, ace-
tone, and chloroform in the presence of sodium hydroxide. Next, via a
Passerini multicomponent-reaction strategy, a new class of depsipep-
tides was synthesized using the Bargellini reaction products, isocya-
nides, and aldehydes. The depsipeptides thus prepared have more flexi-
ble structures than their pseudopeptidic analogues.
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Peptides and proteins accomplish critical functions in

numerous biological and physiological operations. In recent

years they have received much attention as drug candi-

dates, but their therapeutic applications are limited by low

metabolic stability, poor bioavailability, and low receptor

affinity.1 Consequently, chemists have developed efficient

strategies for designing and synthesizing peptidomimetics,

which have improved pharmacological properties over

their natural peptide analogues.2 A significant branch of

peptidomimetics is that of the depsipeptides that are gen-

erated by replacing one or more amide bonds by an ester

functionality.3 This modification obviates to some degree

intra- and intermolecular hydrogen bonding, which can be

advantageous for organ penetration, targeting, and oral bio-

availability.4 Remarkably, depsipeptides have less rotational

barriers for cis-trans isomerization compared to their pep-

tide analogues because of reduced resonance delocalization

in the ester functionality relative to an amide moiety, and

thus have more flexible scaffolds.3,5 Furthermore, depsipep-

tides possess a wide variety of biological properties such as

antibacterial, antiviral, antifungal, anti-inflammatory, anti-

tumor, and immunosuppressive activity.6 For instance, the

natural product romidepsin is an FDA-approved anticancer

drug utilized to treat cutaneous T-cell lymphoma.7 Other

cases of biologically active depsipeptides are azinomycin B8

(antitumor activity) and valinomycin9 (antibiotic) that are

presented in Figure 1.

Isocyanide-based multicomponent reactions (IMCRs)

are highly efficient strategies for peptidomimetic synthe-

sis.10 Among the IMCRs, the Ugi four-component reaction

has been demonstrated as an extremely powerful approach

for the synthesis of pseudopeptidic structures.11 The Ugi re-

action products are often observed as a mixture of rotam-

ers due to the high rotational barriers of the tertiary amide

bonds.12 The Passerini three-component reaction (3-CR)

that involves an isocyanide, an oxo-component, and a car-

boxylic acid, is a potent tool in combinatorial chemistry due

to its efficiency for producing diverse structures, providing

brevity, molecular complexity, and operational simplici-

ty.13,14 In general, the Passerini reaction products have more

flexible structures than the Ugi reaction products due to

possessing an ester functionality instead of the tertiary am-

ide. This is very significant from a drug design viewpoint,

because creating faster rotation around a hindered bond is

one of the best strategies to overcome the challenge of con-

formational isomerism.15

The scope of MCRs, specially IMCRs, can be further ad-

vanced by combination with other sequential reactions16

and, in this regard, consecutive MCRs can be a superior se-

lection.17 In consecutive MCRs, the product of the first MCR

is utilized as the precursor in the next MCR. Accordingly,

the diversity, efficiency, and atom economy that are the
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benefits of MCRs, are extended. In view of our interests in

design of combinatorial MCRs,18 we herein report isocya-

nide-based consecutive Bargellini–Passerini MCRs as a

straightforward and efficient strategy for the synthesis of

depsipeptide-based frameworks.

In this program, we focused on the using 3-carbox-

amido-isobutyric acids as the products of Bargellini 3-CRs

in the Passerini 3-CRs. 3-Carboxamido-isobutyric acids

bearing an amide functionality were synthesized via the

3-CR of acetone, chloroform, and an isocyanide in the pres-

ence of sodium hydroxide.19 Primarily, compound 4a was

employed in the Passerini 3-CR under various reaction con-

ditions (Table 1). The 3-CRs of cyclohexyl isocyanide (3a),

benzaldehyde (5a), and compound 4a were investigated in

various solvents such as dichloromethane, toluene, tetrahy-

drofuran, ethyl acetate, and methanol, and the desired dep-

sipeptide 6a was achieved in moderate yields (24–58%,

Table 1, entries 1–5). We also examined the model reaction

under solvent-free conditions, which led to the depsipep-

tide 6a in 61% yield (Table 1, entry 6). Finally, the reaction

was carried out in water as a solvent at ambient tempera-

ture and a significant rate enhancement was observed with

the production of compound 6a in 79% yield (Table 1, entry

7). By increasing the reaction temperature to 50 °C, depsi-

peptide 6a was produced in 90% yield after 2 h (Table 1, en-

try 8). It is noteworthy that the use of water not only speeds

up the MCR, but also makes isolation much easier due to

the insolubility of the products. The acceleration of the

MCR in water can be related to the hydrophobic effect and

the high cohesive energy density of water.20 Cohesive ener-

gy density is a property of solvents and has units corre-

sponding to a pressure.21 The effect of water on the acceler-

ation of MCRs is very similar to the effect of pressure on re-

actions that result in a decrease in molecularity.

Table 1  Optimization of the Second-Step Reaction Conditionsa

Figure 1  Some biologically active depsipeptides
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With the optimized reaction conditions in hand, we

synthesized a series of depsipeptides 6a–l in high yields

(Scheme 1). Various aromatic aldehydes with electron-

donating, electron-withdrawing, and halogen groups and

isocyanides (tert-butyl, cyclohexyl) were employed for

demonstrating the diversity of approach. 3-Pyridinecarb-

aldehyde, 2-naphthaldehyde, and aromatic aldehydes with

electron-withdrawing and halogen substitutions afforded

the products in excellent yields. 4-Methylbenzaldehyde re-

acted more slowly in the final Passerini step, requiring 48 h

to achieve a relatively poor 66% yield. The highly electron-

rich 4-methoxybenzaldehyde failed to produce any product

even after 48 h.

The structures of all depsipeptides 6a–l were verified by

their IR, 1H NMR, 13C NMR, mass spectra, and CHN analysis

data. For instance, the 1H NMR spectrum of depsipeptide 6a

in CDCl3 as a solvent demonstrated a multiplet for the aro-

matic protons ( = 7.43–7.39 ppm, 5 H), two broad singlets

for the NH groups ( = 6.90 and 6.40 ppm, 2 H), a singlet for

the benzylic CH ( = 6.06 ppm, 1 H), a broad singlet for the

NH–CH of the cyclohexyl rings ( = 3.80 ppm, 2 H), and a

multiplet for the aliphatic protons ( = 1.92–1.17 ppm, 26

H). The 1H-decoupled 13C NMR spectrum of 6a exhibited

three carbonyl groups corresponding to the ester and amide

functionalities. The mass spectra of the products showed

molecular ion peaks at the accurate m/z values. It is note-

worthy that the 1H NMR spectra of the depsipetides 6a–g

displayed one singlet peak for the benzylic CH group in

both CDCl3 and DMSO-d6. Moreover, all the 1H-decoupled
13C NMR spectra showed the presence of three carbonyl

groups for the depsipeptide scaffolds, which also confirmed

the lower rotational barriers for these depsipeptides com-

pared to their corresponding pseudopeptidic structures.18d

In addition, the effect of temperature on compound 6a was

investigated at 24–80 °C using variable-temperature 1H

NMR spectroscopy. As shown in Figure 2, no significant

changes (except in the chemical shifts of exchangeable NH

groups) were observed with increasing temperature in the

spectra. The full width at half maximum for the benzylic CH

group peak is almost constant at investigated temperatures.

Therefore, the prepared depsipeptides are demonstrated to

have more flexible structures than their pseudopeptidic

analogues.

Finally, the structure of 6a was unambiguously verified

by single-crystal X-ray analysis, which is presented in Fig-

ure 3 (for detailed information, see the Supporting Informa-

tion).

Scheme 1  Scope and yields of the synthesized depsipeptides 6a–l. Reaction conditions of the second-step reaction: 3-carboxamido-isobutyric acid 4 
(1 mmol), aldehyde 5 (1 mmol), isocyanide 3 (1 mmol), water (4 mL), stirring at r.t. for 5 min and then at 50 °C for 2 h. Reaction time for 6e is 48 h.
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Figure 3  ORTEP diagram for 6a

In summary, a convenient and efficient method has

been developed for the preparation of biologically interest-

ing depsipeptides via consecutive Bargellini–Passerini mul-

ticomponent reactions. The present method, having the ad-

vantages of both IMCRs, leads to the ready creation of depsi-

peptide scaffolds from cheap and readily available starting

materials. The synthesized depsipeptides have more flexi-

ble scaffolds than their pseudopeptidic analogues.

General Information

All commercially available chemicals and reagents were purchased

from Merck Chemical Company and used without further purifica-

tion. Melting points were measured on an Electrothermal 9200 appa-

ratus. IR spectra were recorded on a Shimadzu IR-470 spectrometer.
1H NMR spectra were recorded on a Bruker DRX-300 Avance spec-

trometer at 300 MHz. 13C NMR spectra were recorded on a Bruker

DRX-300 Avance spectrometer at 75 MHz. NMR spectra were ob-

tained in CDCl3and DMSO-d6. Mass spectra of the products were ob-

tained with an HP (Agilent technologies) 5973 mass selective detec-

tor. Elemental analyses were performed on an Elementar Analysen-

systeme GmbH VarioEL.

General Procedure for the Synthesis of 3-Carboxamido-isobutyric 

Acids

In a round-bottom flask, acetone (5 mmol), chloroform (7.5 mmol),

sodium hydroxide (7.5 mmol), and the requisite isocyanide (1 mmol)

were mixed and stirred at 0 °C for 30 min and then at ambient tem-

perature overnight. The reaction mixture was diluted with water,

which was acidified to pH 2 with 2 M HCl and extracted with EtOAc

(three times). The organic layers were washed with brine, dried over

Na2SO4, filtered, and concentrated under reduced pressure to afford

the pure product.19a

General Procedure for the Synthesis of Depsipeptides 6a–l

A mixture of the 3-carboxamido-isobutyric acid derivative (1 mmol),

an aldehyde (1 mmol), and an isocyanide (1 mmol) in water (4 mL)

was stirred at room temperature for 5 min and then at 50 °C for the

appropriate time (Scheme 1). The water was then removed by decan-

tation, and the crude product was recrystallized from EtOH (2 mL) to

afford the pure product.

Characterization Data of 6a–l

2-(Cyclohexylamino)-2-oxo-1-phenylethyl 3-(cyclohexylamino)-

2,2-dimethyl-3-oxopropanoate (6a)

White powder: 385 mg, 90% yield; mp 145–147 °C. IR (KBr): 3265,

3087, 2931, 2852, 1745, 1676, 1641 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.43–7.39 (m, 5 H, HAr), 6.90 (br s, 1 H, NH), 6.40 (br s, 1 H, NH),

6.06 (s, 1 H, CH-O), 3.80 (br s, 2 H, CHN), 1.92–1.17 (m, 26 H, HAliphatic).
13C NMR (75 MHz, CDCl3):  = 172.54, 171.98, 167.51, 135.40, 128.92,

128.72, 127.50, 75.96, 50.62, 48.83, 48.51, 32.77, 32.65, 32.58, 25.49,

24.89, 23.33. MS: m/z = 429 [M++ 1] (2.52), 428 (M+, 0.92), 347

(41.69), 303 (86.77), 234 (7.85), 216 (15.15), 188 (61.60), 169 (100),

140 (10.33), 118 (10.82), 98 (26.33), 83 (30.12), 55 (10.81). Anal. Cal-

cd for C25H36N2O4: C, 70.06; H, 8.47; N, 6.54. Found: C, 70.31; H, 8.59;

N, 6.44.

2-(tert-Butylamino)-2-oxo-1-phenylethyl 3-(cyclohexylamino)-

2,2-dimethyl-3-oxopropanoate (6b)

White powder: 366 mg, 91% yield; mp 173–175 °C. IR (KBr): 3284,

3080, 2931, 2865, 1741, 1662, 1637 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.39–7.28 (m, 5 H, HAr), 6.62 (br s, 1 H, NH), 6.33 (br s, 1 H, NH),

5.96 (s, 1 H, CH-O), 3.79–3.75 (m, 1 H, CHN), 1.90–1.12 (m, 25 H,

HAliphatic). 
13C NMR (75 MHz, CDCl3):  = 172.79, 171.56, 167.59,

135.43, 128.99, 128.82, 127.52, 76.04, 51.77, 50.57, 48.78, 32.70,

28.59, 25.53, 24.91, 23.51, 23.38. MS: m/z = 403 [M++ 1] (3.56), 402

[M+] (1.54), 321 (52.20), 303 (89.34), 277 (18.59), 212(7.54), 196

(36.77), 169 (100), 140 (13.69), 106 (46.66), 83 (19.57), 57 (20.78).

Anal. Calcd for C23H34N2O4: C, 68.63; H, 8.51; N, 6.96. Found: C, 68.78;

H, 8.43; N, 6.81.

Figure 2  The 1H NMR spectra of compound 6a at 24–80 °C (DMSO-d6, 
300 MHz); spectrum A: at 24 °C, spectrum B: at 25 °C, spectrum C: at 
30 °C, spectrum D: at 40 °C, spectrum E: at 45 °C, spectrum F: at 50 °C, 
spectrum G: at 55 °C, spectrum H: at 60 °C, spectrum I: at 80 °C.
SynOpen 2021, 5, 167–172
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1-(4-Bromophenyl)-2-(cyclohexylamino)-2-oxoethyl 3-(tert-

butylamino)-2,2-dimethyl-3-oxopropanoate (6c)

White powder: 419 mg, 87% yield; mp 133–135 °C. IR (KBr): 3265,

3080, 2935, 2854, 1749, 1651, 1560 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.50 (d, J = 8.1 Hz, 2 H, HAr), 7.32–7.29 (m, 3 H, HAr and NH), 6.02 (s,

1 H, CHO), 5.80 (br s, 1 H, NH), 3.77–3.73 (m, 1 H, CHN), 1.94–1.18 (m,

25 H, HAliphatic). 
13C NMR (75 MHz, CDCl3):  = 172.40, 172.11, 166.92,

134.71, 131.79, 129.15, 122.96, 75.20, 51.79, 51.23, 48.59, 32.75,

32.56, 28.58, 25.50, 24.99, 24.92, 23.32. MS: m/z = 482 [M++ 2] (1.18),

481 [M++ 1] (3.14), 467 (7.41), 383 (18.51), 357 (87.60), 294 (16.43),

268 (50.11), 186 (23.68), 170 (37.50), 143 (100), 114 (37.00), 87

(83.60), 57 (44.81). Anal. Calcd for C23H33BrN2O4: C, 57.38; H, 6.91; N,

5.82. Found: C, 57.51; H, 6.80; N, 5.69.

2-(tert-Butylamino)-1-(4-chlorophenyl)-2-oxoethyl 3-(tert-butyl-

amino)-2,2-dimethyl-3-oxopropanoate (6d)

White powder: 366 mg, 89% yield; mp 149–151 °C. IR (KBr): 3296,

3074, 2972, 2931, 1745, 1664, 1647 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.35–7.28 (m, 4 H, HAr), 6.88 (br s, 1 H, NH), 5.94 (s, 1 H, CHO), 5.91

(br s, 1 H, NH), 1.47–1.37 (m, 24 H, HAliphatic). 
13C NMR (75 MHz,

CDCl3):  = 172.33, 171.96, 167.17, 134.78, 134.31, 128.91, 128.84,

75.31, 51.78, 51.70, 51.15, 28.58, 28.54, 23.43, 23.37. MS: m/z = 412

[M++ 2] (0.62), 411 [M++ 1] (2.25), 311 (93.36), 255 (7.26), 224

(14.92), 196 (67.58), 170 (29.77), 143 (100), 114 (18.80), 87 (46.69),

57 (39.92). Anal. Calcd for C21H31ClN2O4: C, 61.38; H, 7.60; N, 6.82.

Found: C, 61.51; H, 7.73; N, 6.67.

2-(Cyclohexylamino)-2-oxo-1-(p-tolyl)ethyl 3-(cyclohexylamino)-

2,2-dimethyl-3-oxopropanoate (6e)

White powder: 292 mg, 66% yield; mp 132–134 °C. IR (KBr): 3253,

3078, 2933, 2854, 1743, 1668, 1635 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.29–7.14 (m, 4 H, HAr), 6.79 (br s, 1 H, NH), 6.46 (br s, 1 H, NH),

5.99 (s, 1 H, CHO), 3.79–3.68 (m, 2 H, CHN), 2.34 (s, 3 H, HMe-Ar), 1.87–

1.14 (m, 26 H, HAliphatic). 
13C NMR (75 MHz, CDCl3):  = 172.64, 171.97,

167.69, 138.84, 132.37, 129.40, 127.49, 75.85, 50.57, 48.80, 48.46,

32.71, 32.56, 25.46, 24.87, 23.31, 21.21. MS: m/z = 443 [M++ 1] (2.99),

442 [M+] (1.01), 361 (21.02), 317 (93.32), 230 (29.57), 202 (67.44),

169 (100), 140 (13.94), 120 (23.23), 98 (34.03), 83 (38.50), 55 (13.39).

Anal. Calcd for C26H38N2O4: C, 70.56; H, 8.65; N, 6.33. Found: C, 70.78;

H, 8.82; N, 6.18.

2-(tert-Butylamino)-1-(2-nitrophenyl)-2-oxoethyl 3-(tert-butyl-

amino)-2,2-dimethyl-3-oxopropanoate (6f)

Pale yellow powder: 392 mg, 93% yield; mp 155–157 °C. IR (KBr):

3303, 3078, 2974, 2875, 1747, 1685, 1647 cm–1. 1H NMR (300 MHz,

CDCl3):  = 7.96 (d, J = 8.2 Hz, 1 H, HAr), 7.66–7.50 (m, 3 H, HAr), 6.98

(br s, 1 H, NH), 6.54 (s, 1 H, CHO), 6.22 (br s, 1 H, NH), 1.44–1.36 (m,

24 H, HAliphatic). 
13C NMR (75 MHz, CDCl3):  = 172.52, 171.89, 166.10,

148.49, 133.49, 130.37, 130.29, 129.72, 124.91, 71.56, 51.94, 51.71,

51.29, 28.57, 28.54, 23.56, 23.38. MS: m/z = 423 [M++ 2] (0.73), 422

[M++ 1] (2.90), 406 (25.57), 322 (27.87), 253 (49.63), 188 (19.15), 170

(100), 135 (77.73), 114 (33.31), 84 (25.99), 57 (51.08). Anal. Calcd for

C21H31N3O6: C, 59.84; H, 7.41; N, 9.97. Found: C, 59.63; H, 7.28; N,

10.16.

2-(Cyclohexylamino)-2-oxo-1-(pyridin-3-yl)ethyl 3-(cyclohexyl-

amino)-2,2-dimethyl-3-oxopropanoate (6g)

White powder: 365 mg, 85% yield; mp 184–186 °C. IR (KBr): 3302,

3057, 2931, 2855, 1743, 1685, 1657 cm–1. 1H NMR (300 MHz, CDCl3):

 = 8.72–8.59 (m, 2 H, HAr), 7.81–7.77 (m, 1 H, HAr), 7.39–7.29 (m, 2 H,

HArand NH), 6.14 (br s, 1 H, NH), 6.12 (s, 1 H, CHO), 3.83–3.75 (m, 1 H,

CHN), 1.93–1.17 (m, 26 H, HAliphatic). 
13C NMR (75 MHz, CDCl3):  =

172.16, 171.99, 166.71, 149.99, 148.49, 135.25, 131.58, 123.50, 73.60,

50.75, 48.88, 48.68, 32.88, 32.71, 32.52, 25.46, 24.87, 23.27. MS: m/z =

430 [M++ 1] (0.20), 429 (M+, 0.62), 348 (20.78), 304 (33.35), 235

(15.58), 196 (18.70), 169 (100), 108 (39.53), 83 (46.61), 55 (50.62).

Anal. Calcd for C24H35N3O4: C, 67.11; H, 8.21; N, 9.78. Found: C, 67.30;

H, 8.15; N, 9.89.

1-(4-Bromophenyl)-2-(tert-butylamino)-2-oxoethyl 3-(cyclo-

hexylamino)-2,2-dimethyl-3-oxopropanoate (6h)

White powder: 424 mg, 88% yield; mp 168–170 °C. IR (KBr): 3253,

3078, 2933, 2856, 1745, 1639, 1560 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.51 (d, J = 8.0 Hz, 2 H, HAr), 7.29 (d, J = 8.0 Hz, 2 H, HAr), 6.58 (br s,

1 H, NH), 6.33–6.30 (m, 1 H, NH), 5.91 (s, 1 H, CHO), 3.81–3.75 (m, 1

H, CHN), 1.90–1.16 (m, 25 H, HAliphatic). 13C NMR (75 MHz, CDCl3):  =

172.41, 171.55, 167.12, 134.62, 131.93, 129.14, 123.12, 75.29, 51.83,

50.57, 48.77, 32.78, 32.67, 28.56, 25.48, 24.85, 23.35, 23.27. MS: m/z =

482 [M++ 2] (1.53), 481 [M++ 1] (3.61), 480 [M+] (0.72), 401 (24.73),

383 (90.62), 268 (16.27), 242 (53.65), 196 (62.58), 169 (100), 140

(26.15), 98 (37.81), 83 (44.83), 57 (40.60). Anal. Calcd for C23H33BrN2O4:

C, 57.38; H, 6.91; N, 5.82. Found: C, 57.23; H, 6.75; N, 5.73.

2-(Cyclohexylamino)-1-(naphthalen-2-yl)-2-oxoethyl 3-(tert-

butylamino)-2,2-dimethyl-3-oxopropanoate (6i)

White powder: 407 mg, 90% yield; mp 178–180 °C. IR (KBr): 3257,

3080, 2933, 2856, 1745, 1645, 1537 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.91–7.83 (m, 4 H, HAr), 7.53–7.49 (m, 3 H, HAr), 7.30–7.18 (m, 1 H,

NH), 6.23 (s, 1 H, CHO), 5.99 (br s, 1 H, NH), 3.79 (br s, 1 H, CHN),

1.92–1.19 (m, 25 H, HAliphatic). 
13C NMR (75 MHz, CDCl3):  = 172.51,

172.39, 167.36, 133.42, 133.06, 132.87, 128.63, 128.20, 127.70,

127.45, 126.59, 126.41, 124.63, 76.21, 51.73, 51.22, 48.59, 32.81,

32.62, 28.60, 25.51, 24.98, 24.91, 23.44, 23.40. MS: m/z = 453 [M++ 1]

(0.38), 452 [M+] (0.05), 327 (82.67), 266 (17.26), 238 (12.03), 170

(42.50), 143 (100), 127 (13.21), 87 (13.57), 57 (14.45). Anal. Calcd for

C27H36N2O4: C, 71.65; H, 8.02; N, 6.19. Found: C, 71.84; H, 8.23; N,

6.01.

2-(Cyclohexylamino)-1-(4-nitrophenyl)-2-oxoethyl 3-(cyclohexyl-

amino)-2,2-dimethyl-3-oxopropanoate (6j)

Pale yellow powder: 450 mg, 95% yield; mp 148–-150 °C. IR (KBr):

3269, 3084, 2931, 2860, 1722, 1637, 1529 cm–1. 1H NMR (300 MHz,

CDCl3):  = 8.21 (d, J = 8.6 Hz, 2 H, HAr), 7.62 (d, J = 8.6 Hz, 2 H, HAr),

7.42 (br s, 1 H, NH), 6.15 (s, 1 H, CHO), 5.95 (br s, 1 H, NH), 3.81–3.71

(m, 2 H, CHN), 1.92–1.18 (m, 26 H, HAliphatic). 
13C NMR (75 MHz, CD-

Cl3):  = 172.09, 171.63, 166.21, 147.95, 142.46, 128.05, 123.67, 74.52,

50.71, 48.82, 48.68, 32.84, 32.58, 25.32, 24.74, 23.02. MS: m/z = 474

[M++ 1] (1.86), 473 [M+] (0.34), 392 (43.27), 348 (88.05), 279 (22.05),

233 (23.97), 196 (19.87), 169 (100), 140 (11.12), 98 (24.68), 83

(36.12), 55 (13.51). Anal. Calcd for C25H35N3O6: C, 63.41; H, 7.45; N,

8.87. Found: C, 63.27; H, 7.33; N, 8.98.

2-(tert-Butylamino)-1-(naphthalen-2-yl)-2-oxoethyl 3-(cyclo-

hexylamino)-2,2-dimethyl-3-oxopropanoate (6k)

White powder: 403 mg, 89% yield; mp 173–175 °C. IR (KBr): 3276,

3074, 2929, 2856, 1743, 1661, 1636 cm–1. 1H NMR (300 MHz, CDCl3):

 = 7.89–7.84 (m, 4 H, HAr), 7.54–7.49 (m, 3 H, HAr), 6.68 (br s, 1 H,

NH), 6.41–6.36 (m, 1 H, NH), 6.14 (s, 1 H, CHO), 3.80 (br s, 1 H, CHN),

1.95–1.14 (m, 25 H, HAliphatic). 
13C NMR (75 MHz, CDCl3):  = 172.86,

171.60, 167.59, 133.49, 133.08, 132.75, 128.88, 128.20, 127.76,

127.53, 126.73, 126.53, 124.51, 76.25, 51.87, 50.62, 48.79, 32.68,

28.61, 25.53, 24.91, 23.55, 23.39. MS: m/z = 454 [M++ 2] (0.31), 453
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[M++ 1] (0.90), 353 (76.95), 240 (9.21), 212 (19.90), 196 (64.18), 169

(100), 141 (37.57), 126 (7.04), 83 (15.64), 57 (14.97). Anal. Calcd for

C27H36N2O4: C, 71.65; H, 8.02; N, 6.19. Found: C, 71.88; H, 8.28; N,

6.04.

1-(4-Chlorophenyl)-2-(cyclohexylamino)-2-oxoethyl 3-(tert-

butylamino)-2,2-dimethyl-3-oxopropanoate (6l)

White powder: 385 mg, 88% yield; mp 147–149 °C. IR (KBr): 3315,

3064, 2933, 2854, 1747, 1660, 1545 cm–1. 1H NMR (300 MHz, DMSO-

d6):  = 8.31–8.28 (m, 1 H, NH), 7.63–7.46 (m, 4 H, HAr), 7.21 (br s, 1 H,

NH), 5.86 (s, 1 H, CHO), 3.51 (br s, 1 H, CHN), 1.75–1.09 (m, 25 H,

HAliphatic). 
13C NMR (75 MHz, DMSO-d6):  = 173.08, 172.31, 167.26,

135.16, 133.74, 129.42, 128.93, 75.04, 51.30, 51.15, 48.22, 32.62,

32.40, 28.72, 25.61, 24.81, 23.63, 23.51. MS: m/z = 438 [M++ 2] (0.90),

437 [M++ 1] (3.20), 421 (9.24), 337 (25.53), 311 (92.67), 250 (20.69),

222 (65.41), 170 (24.96), 143 (100), 125 (26.01), 87 (49.15), 57

(22.25). Anal. Calcd for C23H33ClN2O4: C, 63.22; H, 7.61; N, 6.41.

Found: C, 63.11; H, 7.70; N, 6.58.
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