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Abstract:  «a,w-Dicarboxylic acid dimcthyl csters arc casily oblained by ring cleavage of «-
nitrocycloalkanones. Thus, reaction of the latter compounds with three cquivalents of potassium
persulfale, in methanol and in presence of sulfuric acid at 80 °C, provides «,w-dicarboxyhic acid
dimethyl esters in high yields. Long-chain, and alkylated «, w-dicarboxylic acid dimethyl esters can be
also efficiently obtained.  © 1997 Elsevier Science Ltd.

a,w-Dicarboxylic acid dimethyl esters are valuable intermediates in organic synthesis due to the many
synthetic transformations originated from this class of compounds.1-3

Long chain dicarboxylic acid dimethyl esters have been found as components of important natural
products.4 in acid-resistant raw forest humus,> or show antifungal properties,® moreover, these higher diesters
are the key building blocks for the synthesis of dinitriles, diols, w-haloesters,” w-aminoacids,® antivirals,”
pheromones,!* propellanes,!! perfume components,!? plant growth regulators,!3 inhibitors for skin and
mucous membrane diseases, 14 polyurethane foams,!5 viscose rayon fibers,!6 detergents,17 etc.

Moreover long chain dionic acid dimethyl esters are employed, without further elaboration, as models
for study of polymeric liquid crystals,!8 as perfumes ingredients,!? as stabilizing compounds for resins,20 and
as preservatives for food and cosmetics.”!

Several methods have been proposed for their preparation,22-27 however many of these are patents
and/or require electrochemical processes,?? the extension of skeletons with five or six carbon atoms following
tedious procedures,?3 strong oxidating conditions, 24 multistep sequences with low yields,?> the need of toxic
substances and high temperature,26 and the use of complex catalysts under high pressure.27

Many years ago Feuer and Pivawer23 reported that some a.-nitrocycloalkanones can be converted to
o, w-dicarboxylic acid dialkyl esters by reaction with an appropriate alcohol and concentrated sulfuric acid at

reflux temperature. Unfortunately, moderate yields and a complex mixture of undesired by-products were
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obtained with the associate problems of purification. Moreover, substituted nitro ketones, such as 2-nitro-1-
tetralone, were unreactive.

During our studies in the ring cleavage of a—nitrocycloalkanones,?® we found (Scheme 1) that these

compounds can be efficiently cleaved, at 80 °C, by employing three equivalents of potassium persulfate, in
methanol, and in presence of sulfuric acid,30 leading o, w-dicarboxylic acid dimethyl esters 2. A variety of 2-

nitrocycloalkanones 1 are cleaved in good yields regardless the ring size (Tablel).
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Alkylated a-nitrocycloalkanones (entry 1j-n) are also easily converted to 2 affording the opportunity
to produce substituted dimethyl esters and, of interest, is the cleavage of 2-nitro-1-tetralone 1n which produces
2p in 90% yield. Only 3,3,5,5-tetramethyl-2-nitrocyclohexanone 1m gave 2m in moderate yield (58%).

A further, valuable application of this process is the ring cleavage of the steroidal systems and, as a
representative example, we choose 2a-nitro-Sa-cholestan-3-one 10 which afforded the corresponding diester
20in 68% yield (Scheme 2).

In

H H CHsOC
0 CH30

Scheme 2

Although the dimethyl esters are the most valuable derivatives of dicarboxylic acids. we tried to
prepare the corresponding diethyl and diisopropyl esters from some nitrocycloalkanones (1a,b,i; Scheme 3),
using the right alcohols. Also in this case the method gave good yields (Table 2) of diesters 3.
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Scheme 3

Table 2. Preparation of o,«-Dicarboxylic Acid Diethy!

and Diisopropyl Esters

entry| n R Ygfelg (%) 5:2"(’;‘;”
3a 1 Et 90 3

3b 1 FPr 71 3

3c 2 Et 83 3

3d 2 i-Pr 73 3

3e 10 Et 82 5

3t 10 i-Pr 72 24
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Moreover, it is important to point out that this methodology is independent from the ring size and/or the
substituents in the ring, and gives high yields with simple and economical chemicals.
In conclusion, since 2-nitrocycloalkanones are commercially available or readily prepared from
different sources,29-3U the present method provides a general and efficient entry to the title compounds.

Experimental

General: All 'H and 13C NMR spectra were recorded in CDCl3 at 300 and 50 MHz, respectively. Chemical
shifts are expressed in ppm downfield from TMS as internal standard. J values are given in hertz. Mass
spectra were determined on a Hewilett-Packard GC/MS 5970 by means of the El technique (70 eV). The
reactions were monitored by TLC or GC performed on a Carlo Erba Fractovap 4160 using a capillary column
of Duran Glass, stationary phase OV 1. The a-nitrocycloalkanones are commercially available or prepared by
standard methods.>®3! The compounds 2a-o and 3a-f were purified by flash chromatography on Merck
silica gel (0.040-0.063 mm).32

General Procedure for the Preparation of o,w-Dicarboxylic Acid Dimethyl Esters (2a-0). A
mixture of 96% sulfuric acid (300 mmol), water (5 ml) and methyl alcohol (25 ml) was cooled at 15 °C.
Potassium persulfate (16.2 g, 60 mmol) was added gradually with stirring at 10-15 °C. A solution of a-
nitrocycloalkanone 1 (20 mmol) in methyl alcohol (7 ml) was added dropwise at 15 °C. After stirring at room
temperature for 10 min, the mixture was heated at 80 °C for the appropriate time (see Table 1), then the mixture
was diluted with water (120 ml) and extracted with diethyl ether (3 x 50 ml). After drying (MgSO4).
evaporation and purification by flash chromatography (hexane/EtOAc, 8:2) of the crude product, the pure ¢:,m—
dicarboxylic acid dimethyl esters 2 were obtained.

Dimethyl Pentanedioate (2a): IR (film) 1720 cm-!; {H NMR (300 MHz CDCl3) & 1.86-2.05 (m, 2H),
239 (t,4H, J =7.1 Hz), 3.68 (s. 6H): MS m/z 129 (M* - 31). 128, 101, 100, 87, 59 (100), 55, 42. Anal.
Calcd for C7H204: C, 52.49; H, 7.55. Found: C, 52.70; H, 7.48.

Dimethyl Hexanedioate (2b): IR (film) 1730 cm'!; 'H NMR (300 MHz CDCl3) & 1.58-1.75 (m, 4H),
2.28-2.42 (m, 4H), 3.68 (s, 6H); MS m/; 143 (M* - 31), 142, 114, 111, 101, 87, 83, 74, 59 (100), 55, 43,
41. Anal. Caled for CgH1404: C, 55.16: H, 8.10. Found: C, 54.90; H, 8.23.

Dimethy! Heptanedioate (2¢): IR (film) 1730 cm™!; 'H NMR (300 MHz CDCl3) 6 1.31-1.42 (m, 2H),
1.6-1.72 (m, 4H), 2.32 (t, 4H, J = 7.3 Hz), 3.67 (s, 6H): MS m/z 157 (M+ - 31), 128, 125, 115 (100), 97,
87, 83, 74, 69, 59, 55, 43, 41. Anal. Caled for CoH604: C, 57.43; H, 8.56. Found: C, 57.59; H, 8.68.
Dimethyl Octanedioate (2d): IR (film) 1730 cm'!; 'H NMR (300 MHz CDCl3) & 1.3-1.4 (m, 4H), 1.58-
1.72 (m, 4H, 232 (t, 4H, J = 7.4 Hz), 3.68 (s, 6H); MS m/z 171 (M* - 31), 138, 129 (100), 111, 97, 87,
83, 74, 69, 59, 55, 43, 41. Anal. Calcd for C19H1804: C, 59.38; H, 8.97. Found: C, 59.15; H, 9.09.
Dimethyl Nonanedioate (2e): IR (film) 1730 cm!; 'H NMR (300 MHz CDCl3) & 1.25-1.4 (m, 6H),
1.55-1.72 (m, 4H), 2.32 (t, 4H, J = 7.4 Hz), 3.68 (s, 6H); MS m/; 185 (M+ - 31), 152 (100), 143, 124,
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111, 97, 83, 74, 69, 59, 55, 43, 41. Anal. Calcd for C;jH2004: C, 61.09; H, 9.32. Found: C, 60.88; H,
9.44.

Dimethyl Decanedioate (2f): IR (fitm) 1720 cm'l; 'H NMR (300 MHz CDCl3) & 1.24-1.7 (m, 12H), 2.3
(t, 4H, J = 7.4 Hz), 3.68 (s, 6H); MS m/z 199 (M+ - 31), 166, 157, 138, 125, 111, 98, 97, 87, 84, 83, 74
(100), 69, 59, 55, 43, 41. Anal. Calcd for C12H2204: C, 62.58; H, 9.63. Found: C, 62.72; H, 9.78.
Dimethyl Undecanedioate (2g): IR (film) 1730 cm-!; 'H NMR (300 MHz CDCl3) 8 1.25-1.35 (m, 10H),
1.53-1.7 (m, 4H), 2.3 (t, 4H, J = 7.4 Hz), 3.68 (s, 6H); MS m/z 213 (M* - 31), 180, 171, 152, 139, 121,
111, 98 (100), 87, 84, 74, 69, 59, 55, 43, 41. Anal. Calcd for Ci3H2404: C, 63.90; H, 9.90. Found: C,
64.02; H, 9.78.

Dimethyl Dodecanedioate (2h): IR (film) 1720 cm-!; IH NMR (300 MHz CDCl3) 8 1.21-1.43 (m, 12H),
1.5-1.75 (m, 4H), 2.3 (t, 4H, J =7.5 Hz), 3.68 (s, SH); MS m/; 227 (M+ - 31), 185, 166, 155, 153, 112,
111, 98 (100), 87, 84, 74, 69, 59, 55, 43, 41. Anal. Calcd for C14H2604: C, 65.08; H, 10.14. Found: C,
64.91; H, 10.30.

Dimethyl Pentadecanedioate (2i): IR (KBr) 1725 cm'l; 'H NMR (300 MHz CDCl3) & 1.22-1.35 (m,
18H), 1.58-1.68 (m, 4H). 2.3 (t, 4H, J = 7.5 Hz), 3.68 (s, 6H): MS m/z 269 (M* - 31), 227, 195, 177,
154, 112, 111, 98 (100), 87, 74, 69, 59, 55, 43, 41. Anal. Calcd for C17H3204: C, 67.96; H, 10.73. Found:
C, 68.12: H, 10.64.

3-Methyl Dimethyl Hexanedioate (2j): IR (film) 1730 cm'!; 'H NMR (300 MHz CDCl3) 6 0.93 (d, 3H,
J = 6.6 Hz), 1.4-1.8 (m, 2H), 1.84-2.08 (m, 1H), 2.09-2.4 (m, 4H), 3.67 (s, 6H); MS m/z 157 (M* - 31),
125, 121, 115 (100), 101, 98, 96, 87, 83, 75, 59, 55, 43, 41.

Anal. Calcd for CoH1604: C. 57.43; H, 8.57. Found: C, 57.58; H, 8.70.

3-terz-Butyl Dimethyl Hexanedioate (2k): IR (film) 1730 cm-1; 'H NMR (300 MHz CDCl3) d 0.88 (s,
9H), 1.2-2.54 (m, 7H), 3.66 (s, 6H); MS m/z 199 (M* - 31), 183, 174, 167, 155, 142, 141, 123, 114, 101
(100), 83, 74, 59, 57, 55, 43, 41. Anal. Calcd for Cj2H2204: C, 62.58; H, 9.63. Found: C, 62.70; H, 9.49.
3-Phenyl Dimethyl Hexanedioate (2I): IR (film) 1730 cm!; 'H NMR (300 MHz CDCl3)  1.8-2.2 (m.
4H), 2.62 (dt, 2H, J = 1.7 and 7.0 Hz), 3.04-3.15 (m, 1H),3.57(d,3H,J =19 Hz),3.6 (d,3H, J = 1.9
Hz), 3.6 (d. 3H, J = 1.9 Hz), 7.1-7.33 (m, 5H) ; MS m/z 250 M), 219, 218, 202, 190 (100), 177, 176,
145, 139, 131, 122, 118, 117, 104, 91, 77, 59, 51. Anal. Calcd for C14H804: C, 67.18; H, 7.25. Found: C,
67.02; H, 7.40.

2,2,4,4-Tetramethyl Dimethyl Hexanedioate (2m): IR (film) 1720 cm'!; 'H NMR (300 MHz CDCl3)
8 1.02 (s, 6H), 1.25 (S, 6H), 1.78 (s, 2H), 2.43 (s, 2H), 3.69 (s. 6H); MS m/z 199 (M* - 31), 184, 174,
171, 155, 139, 126, 115, 102, 97, 83, 73 (100), 55, 43, 41. Anal. Calcd for CjoH2204: C, 62.58; H, 9.63.
Found: C, 62.70; H, 9.49.

Methyl 2-(methylpropionate 3-yl)benzoate (2n): IR (film) 1720, 1730 cm!; 1H NMR (300 MHz
CDCl3) 8 2.68 (t, 2H, J = 7.8 Hz), 3.28 (t, 2H, J =7.8 Hz), 3.65 (s, 3H), 3.9 (s. 3H), 7.2-7.35 (m, 3H),
7.4-7.5 (m, 2H); MS m/z 222 (M+), 192, 190, 163, 162 (100), 147, 132, 131, 130, 119, 103, 77, 65, 51.
Anal. Caled for C12H1404: C, 64.85; H, 6.35. Found: C, 64.99; H, 6.48.

20: IR (film) 1730 cm-!; 1H NMR (300 MHz CDCIl3) & 0.63 (s, 3H), 0.78 (s, 3H), 0.85 (d, 3H, J = 6.7
Hz), 0.86 (d, 3H, J = 6.7 Hz), 0.89 (d, 3H, J = 6.4 Hz), 0.9-1.88 (m, 25H, 1.9-2.03 (m, 2H), 2.25 (d. 1H,
J = 14.0 Hz), 2.45 (d, 1H, J = 14.0 Hz), (3.65 (s, 3H), 3.67 (s, 3H); 13C NMR (50 MHz CDCl3) 6 11.953
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(CH3), 15.505 (CH3), 18.604 (CH3), 21.320 (CHp), 22.573 (CHj3), 22.796 (CHs), 23.731 (CH»), 24.02
(CH»), 27.756 (CHaz), 27.991 (CH), 28.226 (CHa), 31.123 (CH»), 35.411 (CH), 35.743 (CH). 35.962
(CHp), 36.091 (CHb»), 39.474 (CH3), 39.741 (C), 39.789 (CHa), 40.493 (CH), 41.076 (CHa), 42.225 ( C),
48.391 (CH), 51.166 (CH3), 51.498 (CH3), 56.094 (CH), 56.321 (CH), 171.753 (CO), 174.156 (CO); MS
m/z 431 (M* - 31), 389 (100), 373, 357, 315, 275, 248, 235, 207, 175, 133, 105, 95, 55. Anal. Calcd for
CagHs5004: C,75.27; H, 10.89. Found: C, 75.38; H, 10.75.

General Procedure for the Preparation of o,w-Dicarboxylic Acid Diethyl and Diisopropyl
Esters (3a-f). The compounds 3 were prepared following the above procedure for the preparation of 2,
unless ethyl or isopropyl alcohol was used instead of methanol.

Diethyl Hexanedioate (3a): IR (film) 1730 cm"!; 'H NMR (300 MHz CDCl3) 8 1.24 (t, 6H., J = 7.1 Hz),
1.61-1.7 (m, 4H), 2.29-2.36 (m, 4H), 4.12 (q, 4H, J = 7.1 Hz); MS m/z 157 (Mt - 45), 128, 110, 111
(100), 101, 88, 82, 73, 55, 43, 41, 30. Anal. Caled for CigH804: C, 59.39; H, 8.97. Found: C, 59.38; H,
9.06.

Diisopropyl Hexanedioate (3b): IR (film) 1720 cm!; lH NMR (300 MHz CDCl3) 6 1.2 (d, 12H, /= 6.4
Hz), 1.45-1.66 (m, 4H), 2.09-2.17 (m, 4H), 4.98 (m, 2H); MS m/; 188 (M+ - 42), 171, 142, 129 (100).
111, 100, 87, 73, 60, 55, 43, 31. Anal. Calcd for C|2H2204: C, 62.58; H, 9.63. Found: C, 62.38; H, 9.56.
Diethyl Heptanedioate (3c): IR (film) 1720 cm'!; 'TH NMR (300 MHz CDCl3) 6 1.24 (t, 6H, J = 7.3
Hz), 1.3-1.4 (m, 2H), 1.6-1.7 (m, 4H), 2.28 (t, 4H, J =7.5 Hz), 4.12 (q, 4H, J = 7.3 Hz); MS m/z 171
(M* - 45), 142, 129, 125 (100), 114, 101, 96, 88, 83, 73, 69, 60, 55, 43, 41, 31. Anal. Calcd for
C11H2004: C, 61.09; H, 9.32. Found: C, 60.97; H, 9.46.

Diisopropyl Heptanedioate (3d): IR (film) 1720 cm™!; 'H NMR (300 MHz CDCl3) & 1.2 (d, 12H, J =
6.4 Hz), 1.25-1.43 (m, 2H), 1.35-1.43 (m, 2H), 1.55-1.67 (m, 4H), 2.25 (t, 4H, J = 3.75 Hz), 498 (m,
2H, J = 6.4 Hz); MS m/z 202 (M* - 42), 185, 156, 143 (100), 125, 114, 101, 97, 83, 73, 69, 60, 55, 43,
41, 32. Anal. Caled for C13H2404: C, 63.91; H, 9.90. Found: C, 64.05; H, 9.96.

Diethyl Pentadecanedioate (3e): IR (film) 1730 cm!; 'H NMR (300 MHz CDCl3) & 1.22-1.35 (m,
28H), 1.58-1.68 (m, 4H), 2.3 (t, 4H, J = 7.5 Hz), 4.12 (q, 4H, J =7.1 Hz); MS m/z 283 (M* - 45), 256,
241, 226, 195, 177, 154, 135, 121, 98 (100), 88, 69, 55, 43, 41, 30. Anal. Caled for C(gH3604: C, 69.47;
H, 11.05. Found: C, 69.60; H, 11.06.

Diisopropyl Pentadecaneioate (3f): IR (film) 1725 cm’!; 'H NMR (300 MHz CDCl3) & 1.21 (d, 12H, J
= 6.1 Hz), 1.23-1.37 (m, 18H), 1.52-1.67 (m, 4H), 2.23 (t, 4H, J = 7.5 Hz), 498 (m, 2H, J = 6.1 Hz):
MS m/z 297 (M*+ - 59), 255 (100), 236, 213, 195, 177, 154, 129, 98, 73, 43, 41. Anal. Calcd for
C21Ha904: C, 70.74; H, 11.31. Found: C, 70.58; H, 11.44.
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