
This article was downloaded by: [Michigan State University]
On: 19 January 2015, At: 04:18
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Convenient Synthesis of 3-
Alkyltetronic Acids from 3-
Acyltetronic Acids
Mukund P. Sibi a , Mark T. Sorum a , John A. Bender a

& Janet A. Gaboury a
a Department of Chemistry , North Dakota State
University , Fargo, ND, 58105
Published online: 23 Sep 2006.

To cite this article: Mukund P. Sibi , Mark T. Sorum , John A. Bender & Janet A.
Gaboury (1992) A Convenient Synthesis of 3-Alkyltetronic Acids from 3-Acyltetronic
Acids, Synthetic Communications: An International Journal for Rapid Communication
of Synthetic Organic Chemistry, 22:6, 809-816, DOI: 10.1080/00397919208020844

To link to this article:  http://dx.doi.org/10.1080/00397919208020844

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919208020844
http://dx.doi.org/10.1080/00397919208020844


losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

4:
18

 1
9 

Ja
nu

ar
y 

20
15

 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONSy 22(6), 809-816 (1992) 

A CONVENIENT SYNTHESIS OF 3-ALKYLTETRONIC ACIDS 
FROM 3-ACYLTETRONIC ACIDS 

Mukund P. Sibi,* Mark T. Sorum,l John A. Bender? and Janet A. Gaboury 
Department of Chemistry, North Dakota State University 

Fargo, ND 58105 

Abstract: Reductive deoxygenation of 3-acyltetronic acids provides 3-alkyltetronic 
acids in high yields under mild reaction conditions. 

Tetronic acids constitute an important class of compounds due to their varied 

biological activities.3 In connection with the synthesis of lignan and tetronic acid 

natural products? and some unusual lipid metabolites from the Gorgonian coral 

Plexauraflava? we were interested in sequential reduction of 3-acyltetronic acids to 

their completely saturated analogues with control over the reduction sequence. We 

herein report a chemoselective and high yielding reductive deoxygenation of 3- 

acyltetronic acids to 3-alkyl tetronic acids. 

There are literature reports on the controlled reduction of the basic structural 

unit embodied in 3-acyltetronic acids with hydrogen and hydride reagents. For 

example, selective deoxygenation of the ketocarbonyl group in dehydroacetic acid 

using Pd/C in ethyl acetate at 80 'C has been reported.6 Similarly the NaCNBH3 - 

acetic acid reduction of hydroxy coumarins has also been carried 0ut.I 

*To whom correspondence should be addressed 
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8 10 SIB1 ET AL.  

Table 1. Reductive Deoxygenation of 3-acyltetronic acids 

H2 HO 

EtOH 
RT, 1 atrn - KR 10% Pd/C 

2 4-6 h i 

Entry R Yield# 

a CH3* 96* 
b CH2CH3* 86 
C CH2CH2CH3 84 
d CHZ(CHA~CH~ 90 
e CH2(CH2)3CH3* 87* 
f cH2c6H5* 93 

Key: #Yields are for isoIated and purified materials; * Known Compounds: la: Ref. 
9; lb :  Ref. 10; le and I f  Ref. 9; 2a: Ref. 11; 2e: Ref. 12. 

The required 3-acyltetronic and the (S)S-rnethyl-3-acyltetronic acids were 

readily prepared in good yields from tetronic acid and (S)S-methyl tetronic acid* (of 

>92% enantiomerical purity) respectively by acylation followed by Fries 

rearrangement using the reported procedure of Yoshii.9 Reductive deoxygenation 

of the 3-acyltetronic acids using 10% Pd/C / Hz in ethanol at room temperature and 

1 atmosphere proceeds in a short time furnishing the 3-alkyl tetronic acids in nearly 

quantitative yields. The products are isolated easily by Wtration of the catalyst and 

removal of the solvent. The deoxygenation reactions proceed more sluggishly if 

ethyl acetate is used as the solvent. The results from the reduction of a variety 01 

substrates are tabulated in Tables 1 and 2. 
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SYNTHESIS OF 3-ALKYLTETRONIC ACIDS 811 

Table 2. Reductive Deoxygenation of (S)5-methyC3-acyltetronic acids 

HO H2 HO 
R 10% Pd/C 

EtOH 
RT, 1 atm 

3 
4-6 h 

4 

Entry R Yield* 

a CH3 95 
b CH2CH3 86 
C CH2CH2CH3 93 
d CH(CH3)2 89 

Key: * Yields are for isolated and purified materials. 

The current procedure coupled with the reported reduction of tetronic acids'3 

using H2/Rh/C under high pressures thus provide ready access to substituted 

butyrolactones. The utilization of these methodologies for the total synthesis of 

optically pure blastrnycin~nel~ and the Gorgonian coral lipid metabolites are 

currently underway in our laboratories. 

Experimental 

General procedure for reductive deoxygenation: 1 mmol of 3-acylteuonic acid in 10 

mL of ethanol and 1 mol% of the catalyst were stirred in an atmosphere of 

hydrogen at room temperature and atmospheric pressure. The reductions were 

monitored by TLC, and workup involved filtration of the catalyst through a pad of 

celite followed by removal of the solvent under reduced pressure. The products 
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812 SIB1 ET A L .  

were further purified by silica gel flash column chromatography, recrystallization 

and/or sublimation. 

4-Hydroxy-3-(l-oxobulyl)-2(5H)-furanone Ic. The lH and I3C nmr spectra indicate the 

presence of two tautomcric forms.: rn.p. 77-78O; lH NMR (400 MHz, CDC13) 6 4.69 (s, 2H, 

(major)), 4.57 (s, 2H, (minor)), 2.94 ( t ,  J=7.52 Hz, 2H, (minor)), 2.91 (t, J=7.52 Hz, 2H, 

(major)), 1.76 (m, 2H). 1.04 (t. J=7.52 Hz, 3H, (minor)), 1.03 ( t ,  J=7.52 Hz, 3H, (major)); 13C 

NMR (270 MHz, CDC13) 6 197.8, 197.4, 192.0, 191.9, 176.7, 168.1, 100.2, 97.1, 73.5, 68.6, 

36.8, 34.5, 19.4, 18.4, 13.6, 13.4; IR (CHCI3) 1770, 1693, 1668, 1601 cm-l; Analysis calc'd for 

CgHlo04: C, 56.47; H, 5.92; found: C, 56.62; H. 6.00. 

4-Hydroxy-3-( I-oxopentyl)-2(5H)-furanonc Id. The 'Hand 13C nmr spectra indicate the 

prescnce of two mutomeric forms.: m.p. 80-81O; IH NMR (400 MHz, CDCI3) 6 4.68 (s, 2H, 

(major)), 4.56 (s, 2H, (major)), 2.95 (t. J=7.52 Hz, 2H, (minor)), 2.93 (t, J=7.52 Hz, 2H, 

(major)), 1.72 (m, 2H), 1.44 (m. 2H), 0.96 (t, J=7.52 Hz, 3H, (minor)), 0.95 (t, J=7.52 Hz, 3H, 

(major)); 13C NMR (270 MHz, CDC13) 6 197.9, 197.6, 192.2, 192.0, 176.7, 168.1, 100.1, 

97.0, 73.5, 68.6, 34.7, 32.5, 27.9, 26.9, 22.2, 13.6; IR (CHC13) 1770, 1693, 1669, 1600 crn-l; 

Analysis calc'd for CgHl204: C, 58.69; H, 6.57; found: C, 58.41; H, 6.46. 

4-Hydroxy-3-propyl-2(5H)-furanone 2b. m.p. 97-102"; 'H NMR (400 MHz, CDC13) 6 

4.69 (s, 2H), 2.19 (t. J=7.48 Hz. 2H), 1.51 (m. 2H), 0.91 (I, J=7.52 Hz, 3H); 13C NMR (400 

MHz, CDC13) 6 179.0, 174.0, 101.5, 67.8, 23.0, 21.0, 13.7; IR (CHC13) 1748, 1740, 1669 cm- 

I ;  Analysis calc'd for C7H1003: C, 59.14; H, 7.09; found: C, 59.35; H, 7.06. 

3-Butyl-4-hydroxy-2(5H)-furanone 2c. m.p. 121-123'; IH NMR (400 MHz, CDCI3) 6 

4.67 (s, 2H), 2.20 (t. J=7.32 Hz, 2H), 1.46 (m, 2H), 1.32 (rn, 2H), 0.89 (I, J=7.33 Hz, 3H); 13C 

NMR (270 MHz, CDCl3) 6 179.4, 174.7, 101.5, 67.9, 30.0, 22.4, 22.1, 20.7, 13.7, 13.6; IR 

(CHCIj) 1757, 1734, 1681 cm-I; Analysis calc'd for C8H1203: C, 61.52; H, 7.74; found: C, 

61.65; H, 7.52. 

4-Hydroxy-3-pentyl-2(SH)-furanone 2d. m.p. 112-113'; lH NMR (400 MHz, CDCl3) 6 

4.67 (s, 2H), 2.19 (t. J=7.69 Hz, 2H), 1.46 (rn, 2H), 1.28 (m, 4H), 0.86 (t. J=6.96 Hz, 3H); 13C 
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SYNTHESIS OF 3-ALKYLTETRONIC ACIDS 813 

NMR (400 MHz, CDC13) 6 179.0, 174.7, 101.5,67.9, 31.5, 27.5, 22.4, 21.0, 14.0; IR (CHC13) 

1761, 1734, 1664 cm-l; Analysis calc'd for CgHI4O3: C, 63.51; H, 8.29; found: C, 63.66; H, 

8.35. 

4-Hydroxy-3-(2-phenylethyl)-2(5H)-furanone 2f. m.p. 196-197"; lH NMR (270 MHz, 

CD30D) 6 7.09 (m, 5H), 4.78 (s, 2H), 2.64 (t. J=7.69 Hz, 2H). 2.33 (t, J=7.70 Hz, 2H); 13C 

NMR (270 MHz, CD30D) S 178.6, 175.6, 142.8, 129.4, 129.3, 127, 100.6, 68.2, 34.6, 24.2; 

IR (CHC13) 1748, 1716, 1663 cm-l; Analysis calc'd for C12H1203: C, 70.57; H, 5.92; found: 

C, 70.36; H, 6.14. 

3-Acetyl-4-hydroxy-5(S)-methyl-2(5H)-furanone 3a. The IH and I3C nmr spectra 

indicate the presence of two tautomeric forms.: m.p. 70-71'; lH NMR (270 MHz, CDCl,) 6 4.83 

(4, J=7.32 Hz, lH, major), 4.70 (4, J=7.32 Hz, lH, (minor)), 2.55 (s, 3H), 1.52 (d, J=7.32 Hz, 

3H, (major)), 1.50 (d, J=7.32 Hz, 3H, (minor)); 13C NMR (270 MHz, CDC13) 6 199.1, 198.9, 

194.1, 193.3, 187.3, 166.6, 99.1, 96.0, 80.8, 75.2, 21.2, 18.5, 15.7, 15.6; IR (CHC13) 1765, 

1694, 1664, 1610 cm-l; [ a ] ~ ~ ~  - 44.2" (c=1.06, EtOH); Analysis calc'd for C7H804: C, 53.85; 

H, 5.16; found: C, 53.90; H, 5.13. 

4-Hydroxy-S(S)-methy1-3-( l-oxopropyl)-2(5H)-furanone 3b. The 'H and 13C nmr 

spectra indicate the presence of two tautomeric forms.: m.p. 53-56'; IH NMR (270 MHz, 

CDC13) S 4.83 (4. J=7.33 Hz, lH, (major)), 4.67 (4. J=7.33 Hz, lH, (minor)), 2.93 (4. J=7.33 Hz, 

2H, (minor)), 2.91 (4. J=7.33 Hz,  2H, (major)), 1.50 (d, J=7.33 Hz, 3H, (major)), 1.47 (d, J=6.60 

Hz, 3H, (minor)), 1.22 (t, J=7.33 Hz, 3H, (minor)), 1.20 (t, J=7.33 Hz, 3H, (major)); 13C NMR 

(270 MHz, CDC13) 6 199.2, 199.0, 194.9, 192.9, 176.0, 167.5, 99.5, 96.0, 81.6, 75.8, 29.4, 

26.2, 16.7, 16.5, 9.4, 8.2; 1R (CHC13) 1764, 1691, 1657, 1604 cm-l; [ a ] ~ ~ ~  - 35.2" (c=1.04, 

EtOH); Analysis calc'd for CgH1004: C, 56.47; H, 5.92; found: C, 56.51; H, 5.71. 

4-Hydroxy-5(S)-melhy1-3-(1-oxobutyl)-2(5H)-furanone 3c. The lH and I3C nmr spectra 

indicate the presence of two tautomeric forms.: m.p. 4-45'; IH NMR (270 MHz,  CDCI3) 6 4.83 

(4. J=7.33 Hz, lH, (major)), 4.70 (4. J=7.33 Hz, lH, (minor)), 2.91 (t, J=7.32 Hz, 2H, (major)), 
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SIB1 ET AL. 814 

2.90 (1. J=7.32 Hz. 2H, (minor)), 1.75 (m. 2H), 1.53 (d, J=7.60 Hz, 3H, (major)), 1.51 (d. J=7.33 

Hz, 3H, (minor)), 1.03 (t. k7.33 Hz, 3H, (minor)), 1.02 (1. J=7.33 Hz, 3H, (major)); 13C NMR 

(270 MHz, CDC13) 6 200.0, 197.7, 194.9, 192.0, 176.0, 167.4. 99.5, 96.5, 81.5. 75.9, 37.0, 

35.5, 34.3, 19.3. 18.3. 18.0, 16.6, 13.5; R (CHC13) 1763, 1691, 1658, 1603 cm-l; [aID2O - 

36.4" (c=1.02, EtOH): Analysis calc'd for C9H1204: C, 58.69; H, 6.57; found: C ,  58.75; H, 

6.37. 

4-Hydroxy-5(S)-methyl-3-(2-methyl-1-oxopropyl)-2(5H)-furanone 3d. The lH and 13C 

nmr spectra indicate the presence of two tautomeric forms.: m.p. 62-63"; l H  NMR (270 MHz, 

CDC13) 6 4.82 (4. J=7.33 Hz. 1H. (major)), 4.67 (4. J=7.33 Hz. lH, (minor)), 3.69 (sep, J=6.60 

Hz, IH, (minor)). 3.57 (sep, J=6.59 Hz, lH, (major)), 1.51 (d. J=7.33 Hz,  3H, (major)), 1.47 (d, 

J=6.59 Hz, 3H, (minor)), 1.22 (d, J=6.59 Hz, 3H, (minor)), 1.20 (d. J=6.59 Hz, 3H, (major)); I3C 

NMR (270 MHz, CDC13) 6 202.4, 200.3, 196.6, 194.6, 176.5, 167.3, 98.5, 95.1, 81.6, 75.8, 

33.6. 31.2, 18.5, 18.4, 18.2, 18.0, 16.7, 16.6; IR (CHC13) 1760, 1690, 1651, 1599 cm-l; 

[ a l ~ ~ '  - 32.0" (c=l.OO, EtOH); Analysis calc'd for CgH12O4: C, 58.69; H, 6.57; found: C, 

58.81; H, 6.45. 

3-Ethyl-4-hydroxy-5(S)-me1hyl-2(5H)-furanone 4a. m.p. 99-101O; l H  NMR (270 M H Z ,  

CDC13) 6 4.86 (q, J=6.59 H z ,  lH), 2.21 (4, J=7.33 Hz, 2H), 1.51 (d, J=6.60 Hz, 3H), 1.06 ( t ,  

Jz7.33 Hz, 3H); 13C NMR (270 MHz, CDCl3) 6 178.1, 177.6, 100.5, 75.5, 17.8, 14.4, 12.6; 

(CHC13) 1756, 1723, 1656 cm-l; [C(]D2O 14.9" (c=1.0, ElOK); Analysis calc'd for C7H1003: 

C, 59.14; H, 7.09; found: C, 58.96; H. 7.22. 

4-Hydroxy-5(S)-methyl-3-propyl-2(5H)-furanone 4b. m.p. 59-61"; IH NMR (270 MHz, 

CDCl3) 6 4.86 (4. J=6.59 Hz, lH), 2.21 (I, J-7.33 Hz. 2H). 1.52 (d, J=6.59 Hz,3H), 1,50 (m, 

2H). 0.92 (1. J=7.33 Hz, 3H); 13C NMR (270 MHz, CDCl3) 6 178.1. 177.6. 100.5, 75.0, 22.8, 

21.2, 17.8, 13.6; IR (CHC1-j) 1740, 1734, 1653 cm l; [ a l ~ ~ O  16.5' (c=1.00, EtOH); Analysis 

calc'd for CgH1203: C, 61.52; H, 7.74; found: C, 61.74; H, 7.49. 

3-Butyl-4-hydroxy-5(S)-methyl-2(5H)-furanone 4c. m.p. 57-58"; IH NMR (270 M H L ,  

CDC13) 6 4.80 (4. J=6.59 Hz, IH), 2.18 (1. J=7.33 Hz, 2H), 1.65 (b~, lH), 1.49 (d, J=6.59 Hz, 
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SYNTHESIS OF 3-ALKYLTETRONIC ACIDS 815 

3H), 1.49 (m. 3H), 1.35 (m, ZH), 0.92 (I. J=7.33 Hz, 3H); I3C NMR (270 MHz, CDC13) 6 

177.3, 177.0, 101.0, 75.1, 30.1, 22.4, 20.8, 17.8, 17.5; IR (CHC13) 1755, 1723, 1663 cm-I; 

[alDZ0 16.8" (c=0.75, EtOH); Analysis calc'd for CgH1403: C. 63.51; H, 8.29: found: C, 63.40; 

H, 8.03. 

4-Hydroxy-5(S)-methyl-3-(2-methylpropyl)-2(5H)-furanone 4d. m.p. 91-93"; l H  N M R  

(270 MHz, CDC13) S 4.84 (9. J=6.59 Hz, lH), 2.08 (d, J=6.60 Hz, ZH), 1.88 (m, IH), 1.51 (d, 

Jz6.69 Hz, 3H), 0.91 (d, J=6.60 Hz, 3H), 0.90 (d, J=6.60 Hz, 3H); 13C NMR (270 MHz, 

CDC13) S 179.0, 178.2, 99.6, 75.5, 29.8, 27.4, 22.2, 22.1, 18.0; IR (CHC13) 1745, 1705, 1677 

cm-l; [ a ] ~ * ~  17.1" (c=0.6, EtOH); Analysis calc'd for CgHI4O3: C, 63.51; H, 8.29; found: C ,  

63.56; H, 8.20. 
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