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Abstract
A one pot synthesis of new lactam derivatives is reported from reactions between alkyl or aryl
isocyanides and methyl 2-acetylacetoacetate in good yields.
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Introduction

Five-membered rings such as furan and pyrrole have many useful synthetic applications in drug

1-13
structures.

Using the isocyanide carbon atom for synthesis of many cyclic systems in a formal
[1+4] cycloaddition reaction is an elegant approach to systems which are inaccessible by other
methods.'*'® In recent years, syntheses of iminolactones have been reported by many research
groups.'”™® Recently we reported another route involving two-component reactions between
isocyanides and N,N'-dimethylbarbituric acid for the preparation of enaminones.’'>* Herein, we
report the synthesis of new iminolactones 3 from the reaction between alkyl or aryl isocyanides 2
and methyl 2-acetylacetoacetate 1, as a two-component reaction and conversion of 3 into 4 under

thermal conditions.

Result and Discussion
Isocyanides react readily with most multiple bonds to give three, four or five-membered

cycloadducts derived from 1:1, 1:2, 2:1 substrate-isocyanide interactions.*'® Cycloadditon
reactions of this type are unique to isocyanides. The reaction of isocyanides with carbon-carbon
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double bonds tends to occur in a stepwise manner and is involves a zwitterionic intermediate the
ultimate fate of which appears to be dictated by the nature of the original double bond substrate.
In the present work, methyl 2-acetylacetoacetate 1a, which is completely enolized in the liquid
phase (Scheme 1), reacted with isocyanides 2 via insertion into the carbon-carbon double bond
of an electron-deficient hetero-1,3-diene (1b) to afford iminolactone derivatives 3 in high yields.
Heating the iminolactone 3 in toluene at 70 °C gave the pyrrole derivatives 4 as new lactam
derivatives (see Scheme 2). A proposed mechanism is shown in Scheme 3.
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The structures of 3 and 4 were deduced from their elemental analyses, IR, 'H and *C NMR
spectra. The mass spectra of these compounds displayed molecular ion peaks at appropriate m/z
values, any initial fragmentation involving the loss of the ester moieties. The 'H and °C NMR
data for compounds 3 and 4 are given in the experimental part.

The "H NMR spectrum of compound 3a exhibited four singlets arising from z-butyl (5 1.32),
two methyl groups (8 1.65 and 2.35), and a methoxy group (6 3.78) respectively, and the proton
of the OH group resonated at & 3.37. The *C NMR spectrum of compound 3a showed ten
distinct resonances according to the iminobutyrolactone structure. The IR spectrum of compound
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3a displayed strong and appropriate absorption bands in the carbonyl and imine region (1723 and
1653 cm™) respectively (see experimental section for data for 3b-d).

The 'H NMR spectrum of compound 4a showed four sharp singlets arising from the three
methyls of #-butyl (6 1.36), two methyl groups (8 1.63 and 1.84), and a methoxy group (5 3.62)
respectively, and the proton of the OH group exhibited a broad peak at 6 5.71. The BC NMR
spectrum of compound 4a exhibited ten distinct resonances compatible with the lactam structure.

The IR spectrum of compound 4a had absorption bands at 1695 cm™ (carbonyl) consistent
with the proposed structure (see experimental section for 4b-d). In spite of very similar of *C
chemical shifts for imine groups and amidic carbon in compounds 3 and 4, the IR spectra are
different. Hence, this difference may be considered as a good evidence for the transformation of
iminolactones 3 to lactams 4.
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In conclusion, we have prepared novel 3-hydroxy-2H-iminolactones and 3-hydroxy-2H-
pyrrol-2-ones via one-pot reactions between isocyanides and methyl 2-acetylacetoacetate. The
present reaction is performed under neutral conditions and starting materials and reagent can be
reacted without any prior activation.

Experimental Section

General Procedures. Melting points were taken on an Electrothermal 9100 apparatus and IR
spectra were measured on a Shimadzu IR-460 spectrometer. The 'H and C NMR spectra were
obtained using a BRUKER DRX-500 AVANCE instrument with CDCl; as a solvent at 500.1
and 125.8 MHz respectively. In addition, the mass spectra were recorded on a Finnigan-Matt
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8430 mass spectrometer operating at an ionization potential of 70 eV and elemental analyses for
C, H and N were taken using a Heraeus CHN-O-rapid analyzer. Isocyanides and methyl 2-
acetylacetoacetate were purchased from Fluka, and used without further purifications.

General procedure for preparation of 3 (exemplified by 3a)

To a magnetically stirred solution of methyl 2-acetylacetoacetate (1 mmol) in 10 mL of dry
CH,Cl, was added dropwise a mixture of #-butyl isocyanide (1 mmol) in CH,Cl; (3 mL) at room
temperature over 5 min. After one week at room temperature, solvent was removed under
reduced pressure and the solid residue washed with cold diethyl ether (2x3 mL) to obtain 3a as
gray crystals, yield (85%), mp 85-88 °C, IR (KBr) (Vmax, cm™): 1653 (C=N), 1723 (C=0), 3230
(OH). 'H NMR (500.1 MHz, CDCl3): 8y 1.32 (9H, s, CMe3), 1.65 (3H, s, CH;), 2.35 (3H, s,
C=C-CH3), 3.37 (1H, br s, OH), 3.78 (3H, s, OMe). °C NMR (125.8 MHz, CDCl3): ¢ 14.4
(C=C-CHj3), 26.8 (CH3), 27.9 (CMes), 51.2 (OCHs), 54.7 (CMe3), 75.8 (C-OH), 111.7 (O-C=C),
157.6 (0-C=C), 164.4 (N=C-0), 165.1 (C=0). MS (m/z, %): 242 (M'+1, 2), 224 (8), 193 (5),
178 (100), 136 (73), 124 (33). Anal. Calcd for C,H9NO4 (241.13): C, 59.73; H, 7.94; N, 5.81%
Found: C, 59.64; H, 7.93; N, 5.74%

3b. Gray crystals, yield (80%), mp. 102-105 °C, IR (KBr) (Vmax, cm™): 1658 (C=N), 1720 and
1724 (C=0), 3227 (OH). 'H NMR (500.1 MHz, CDCl3): 8y 1.23 (3H, t, J=6.8 Hz, OCH,Me),
1.73 (3H, s, CH3), 2.21 (3H, s, C=C-CH3), 3.41 (1H, br s, OH), 3.73 (3H, s, OMe), 3.83 (2H, q,
J=6.8 Hz, OCH,Me), 3.96 (2H, s, NCH,). °*C NMR (125.8 MHz, CDCls): 8¢ 13.0 (C=C-CH3),
20.0 (CHaMe), 29.1 (CH3), 50.4 (NCH,), 51.2 (OCH3), 60.4 (OCH,), 75.5 (C-OH), 108.6 (O-
C=C), 159.8 (0-C=C), 160.9 (N=C-0), 166.5 and 168.6 (2 C=0). MS (m/z, %): 271 (M", 3), 256
(8), 244 (47), 242 (95), 226 (100), 212 (5). Anal. Calced for C;,H7NOg (271.11): C, 53.13; H,
6.32; N, 5.16% Found: C, 53.25; H, 6.35; N, 5.21%

3c. Pale white crystal, yield (87%), mp. 115-117 °C, IR (KBr) (Vmax, cm™): 1670 (C=N), 1732
(C=0), 3179 (OH). '"H NMR (500.1 MHz, CDCls): 8y 1.22-1.98 (10H, m, 5 CH,), 1.75 (3H, s,
CH3), 2.15 (3H, s, C=C-CH3), 3.73 (1H, m, NCH), 3.84 (3H, s, OMe), 4.21 (1H, br s, OH). "°C
NMR (125.8 MHz, CDCl3): d¢ 13.6 (C=C-CHj3), 24.4 (2 CH>), 25.3 (CH3), 25.8 (CH»), 32.9 (2
CH,), 50.5 (OCH3), 55.6 (NCH), 74.7 (C-OH), 112.0 (O-C=C), 160.9 (O-C=C), 163.8 and 164.4
(C=0 and N=C-0). MS (m/z, %): 269 (M'+2, 10), 268 (M'+1, 57), 267 (M", 59), 252 (80), 236
(17), 220 (38), 125 (58), 83 (79). Anal. Calcd for Ci4H2NOy4 (267.15): C, 62.90; H, 7.92; N,
5.24% Found: C, 63.05; H, 7.92; N, 5.30%

3d. White crystal, yield (75%), mp. 92-95 °C, IR (KBr) (Vmax, cm™): 1667 (C=N), 1726 (C=0),
3211 (OH). 'H NMR (500.1 MHz, CDCl3): 8y 1.71 (3 H, s, CH3), 2.12 (3 H, s, C=C-CH3), 3.73
(1 H, br s, OH), 3.67 (1 H, s, OMe), 4.51 (2 H, m, NCH,Ph), 7.45 (5 H, m, ArH). °C NMR
(125.8 MHz, CDCl3): 6¢ 13.6 (C=C-CH3), 23.5 (CH3), 43.5 (NCHa), 51.7 (OCHs), 81.3 (C-OH),
112.1 (O-C=C), 127.0, 127.6, 128.3 and 128.7 (6 Carom), 161.3 (O-C=C), 162.8 and 169.3 (C=0
and N=C-0). MS (m/z, %): 275 (M", 4), 260 (5), 244 (38), 227 (75), 198 (95), 169 (100). Anal.
Calcd for C;sHj7NOy4 (275.16): C, 65.44; H, 6.22; N, 5.09% Found: C, 65.54; H, 6.23; N, 5.16%
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General procedure for preparation of 4 (exemplified by 4a)

3a was heated in 15 mL of toluene at 70 °C for a week then the solvent was removed under
reduced pressure and the solid residue was washed with cold diethyl ether (2x3 mL) and the
product 4a was obtained as gray crystals, yield (90%), mp. 125-128 °C, IR (KBr) (Vmax, cm’):
3365 (OH), 1716 and 1695 (C=0). '"H NMR (500.1 MHz, CDCl;): 8y 1.36 (9H, s, CMe3), 1.63
(3H, s, CHs), 1.84 (3H, s, C=C-CH3), 3.62 (3H, s, OMe), 5.71 (1H, br s, OH). >C NMR (125.8
MHz, CDCls): 6c 11.0 (C=C-CH3), 22.1 (CHj3), 28.99 (CMes), 52.0 (OCH3), 56.7 (CMe3), 91.5
(C-OH), 141.9 and 143.3 (C=C), 164.0 (O=C-N), 168.9 (C=0). MS (m/z, %): 241 (M", 7), 226
(65), 210 (13), 169 (100), 138 (78), 111 (14), 57 (97). Anal. Calcd for C;2H19NO4 (241.13): C,
59.73; H, 7.94; N, 5.81% Found: C, 59.78; H, 7.87; N, 5.86%

4b. Pale white crystals, yield (87%), mp. 117-119 °C, IR (KBr) (Vmax, cm™): 3352 (OH), 1713
and 1695 (C=0). '"H NMR (500.1 MHz, CDCls): &y 1.20 (3H, t, J=7.0 Hz, OCH,Me), 1.78 (3H,
s, CH3), 2.43 (3H, s, C=C-CH3), 3.17 (1H, br s, OH), 3.81 (3H, s, OMe), 3.86 (2H, s, NCH,),
4.18 (2H, q, J=7.0 Hz, OCH,Me). °C NMR (125.8 MHz, CDCl): ¢ 10.7 (C=C-CHj3), 20.0
(CHxMe), 23.3 and 24.4 (2 CH3), 51.5 (OCHs), 61.3 (OCH>), 80.87 (NCH,), 88.3 (C-OH), 142.2
and 142.9 (C=C), 163.2 (O=C-N), 169.0 and 171.8 (2 C=0). MS (m/z, %): 270 (M'-1, 5), 268
(100), 226 (3), 224 (67), 198 (2), 154 (3). Anal. Calcd for C;;H;7NOg (271.11): C, 53.13; H,
6.32; N, 5.16% Found: C, 53.18; H, 6.40; N, 5.12%

4c. White crystals, yield (92%), mp. 134-137 °C, IR (KBr) (Vmax, cm™): 3350 (OH), 1718 and
1694 (C=0). 'H NMR (500.1 MHz, CDCls): &y 1.20-2.13 (10H, m, 5 CH>), 1.75 (3H, s, CH3),
2.18 (3H, s, C=C-CH3), 3.40 (1H, m, NCH), 3.85 (3H, s, OMe), 6.08 (1H, br s, OH). °C NMR
(125.8 MHz, CDCls): §¢ 10.8 (C=C-CH3), 23.7 (CH»), 25.2 (CH»), 26.3 (2 CH3), 30.0 (2 CH,),
51.9 (OCHj3), 52.3 (NCH), 89.2 (C-OH), 140.4 and 144.9 (C=C), 163.9 and 167.3 (O=C-N and
C=0). MS (m/z, %): 268 (M'+1, 8), 267 (M", 23), 252 (63), 223 (25), 186 (100), 169 (93), 137
(73), 98 (95), 83 (15). Anal. Calcd for C14H21NO4 (267.15): C, 62.90; H, 7.92; N, 5.24% Found:
C, 63.15; H, 7.80; N, 5.27%

4d. White crystals, yield (85%), mp. 167-170 °C, IR (KBr) (Vmax, cm™): 3338 (OH), 1716 and
1698 (C=0). '"H NMR (500.1 MHz, CDCl3): 84 1.88 (3H, s, CH3), 2.01 (3H, s, C=C-CH3), 3.69
(1H, s, OMe), 3.82 (1H, br s, OH), 4.45 (2H, m, NCH,Ph), 7.32 (5H, m, ArH). >C NMR (125.8
MHz, CDCl3): 6c 14.1 (C=C-CH3), 22.9 (CH3), 43.1 (NCH,), 48.0 (OCH3), 84.1 (C-OH), 126.9,
127.00, 128.6 and 136.5 (6 Cyom), 137.8 and 136.5 (C=C), 169.3 and 171.8 (O=C-N and C=0).
MS (m/z, %): 275 (M, 1), 244 (5), 228 (10), 226 (100), 214 (13), 142 (18). Anal. Calcd for
CisH17NO4 (275.16): C, 65.44; H, 6.22; N, 5.09% Found: C, 65.32; H, 6.18; N, 5.12%
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