
This article was downloaded by: [University of Texas Libraries]
On: 26 January 2015, At: 06:37
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 General Synthesis of (±)-γ-
Substituted γ-Butyrolactones
Using a Kinetic Alkylation-
Ozonolysis Procedure
Dermot J. Gavin a & Niall W. A. Geraghty a
a Chemistry Department , University College ,
Galway, Ireland
Published online: 23 Sep 2006.

To cite this article: Dermot J. Gavin & Niall W. A. Geraghty (1994) A General
Synthesis of (±)-γ-Substituted γ-Butyrolactones Using a Kinetic Alkylation-
Ozonolysis Procedure, Synthetic Communications: An International Journal for
Rapid Communication of Synthetic Organic Chemistry, 24:10, 1351-1361, DOI:
10.1080/00397919408011738

To link to this article:  http://dx.doi.org/10.1080/00397919408011738

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

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919408011738
http://dx.doi.org/10.1080/00397919408011738


primary sources of information. Taylor and Francis shall not be liable for any
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
 [

U
ni

ve
rs

ity
 o

f 
T

ex
as

 L
ib

ra
ri

es
] 

at
 0

6:
38

 2
6 

Ja
nu

ar
y 

20
15

 

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


SYNTHETIC COMMUNICATIONS, 24( lo), 135 1-1361 (1994) 

A GENERAL SYNTHESIS OF (+Jy-SUBSTITUTED y- 

BUTYROLACTONES USING A KINETIC ALKYLATION - 
OZONOLYSIS PROCEDURE. 

Demot J.Gavin and Niall W.A.Geraghty*. 
Chemistry Department, University College, Galway, Ireland. 

Abstract: A synthesis of (+J-y-substituted y-butyrolactones is described in which 
the key intermediates, 7-ketoesters, are prepared from the readily available 6-methyl-5- 
hepten-2-one using a kinetic alkylation-ozonolysis procedure; the method allows terminal 
ester and Z-alkene groups to be incorporated into the side-chain and thus can be used 
for the synthesis of (+J-y-jasmolactone as well as other naturally occurring lactones. 

The lactone functional group is a commonly encountered subunit of many 

natural products and indeed many simple lactones are also of importance as they 

function as insect pheromones’ or occur in the essential oils of plants2. This importance 

is reflected in the wide range of methods available for the synthesis of lactones3. y- 

Substituted y-butyrolactones (5-substituted 2(3H)-furanones) are among the most 

important of the simpler lactones and a variety of synthetic procedures have been 

developed for their construction4s5. 

In a previous papel8 we reported that 2-substituted 2-cyclopenten-I-ones could 

be synthesised from the readily available 6-methyl-5-hepten-2-one (1) using a kinetic 

alkylation-ozonolysis procedure (Scheme 1); this method has the advantage that it 

allows desireable structural features such as terminal ester and Z-alkene groups to be 

“To whom correspondence should be addressed. 
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1352 GAVIN AND GERAGHTY 

incorporated into the side-chain on the cyclopentenone ring. The present paper describes 

how this procedure can be adapted, using a recently published method for the direct 

conversion of olefins into esters7, to allow y-substituted y-lactones with functionalised 

side-chains to be efficiently synthesised. 

Scheme 1 

The potential of the procedure for the synthesis of y-lactones with saturated side- 

chains in the y-position is shown by the synthesis of 3,4-dihydro-S-pentyl-2(3H)-furanone 

(5a) and 3,4-dihydro-S-octyl-2(3H)-furanone (5b) (Scheme 2), an optically active form of 

the latter being used as a pheromone by the rove beetle*. Thus the unsaturated ketone 

(3), formed by kinetic alkylation of the cyclohexylimine of 6-methyl-5-hepten-2-one (I), is 

converted to the ketoester (4) by ozonolysis in a solution of methanolic sodium hydroxide 

in dichloromethane; reduction of (4) with sodium borohydride gives the lactone (5) 

directly. The alternative approach of alkylating (I) as its N,N-dimethylhydrazone proved 

to be of value in the synthesis of cyclopentenones6 as ozonolysis of the alkylated 

hydrazone resulted in simultaneous cleavage of the alkene and regeneration of the 

ketone, thus affording the desired y-ketoaldehyde without the use of the dilute aqueous 

acid required for the hydrolysis of the imine. 
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(+)--SUBSTITUTED 7-BUTYROLACTONES 1353 

1. UNEWHMPIVTHF, -50' 
2. RBI, ~ 

3.10% HCI, rcllux 
___t 

83 - aw. 

Scheme 2 

Although in this case the direct ozonolysis of the alkylated N,K 

dimethylhydrazone (7) in methanolic sodium hydroxide/dichlommethane solution leads to 

a complex mixture which contains little if any of the ketoester (4c), the transformation 

can be achieved, in what is effedively a one-pot procedure, using ozone and methyl 

sulphide to form the ketoaldehyde (8) which can then be converted to (4c) by ozonolysis 

in methanolic sodium hydroxideldichloromethane solution (Scheme 3). 

Scheme 3 
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1354 GAVIN AND GERAGHTY 

The procedure can also be extended (Scheme 4) to lactones possessing side- 

chains with terminal ester groups as the unsaturated ketoester (3d)6 can be oxidatively 

cleaved to give the ketodiester (4e) which on reduction cyclises regioselectively to give 

the y-lactone (tie). 

Scheme 4 

The synthesis of y-jasmolactone (5s) (Scheme 5), one of the constituents of the 

essential oil of jasmin flowers*, demonstrates the potential of the kinetic alkylation - 
ozonolysis procedure for the synthesis of y-lactones with Z-unsaturated side-chains in the 

y-position, which are of considerable synthetic importance because of their diverse 

biological act i~ i ty~,~.  The acetylenic enone (39 is formed from the imine (q) and is 

converted to the ketoester (49 in an ozonolysis step which must be carefully monitored 

(GLC) to prevent reaction at the alkyne bond. The stereoselective partial hydrogenation 

of the triple bond must also be monitored by GLC as excessively long reaction times lead 

to alkane formation and Z-E isomerization of the alkene bond in the product (4g). 

Borohydride reduction completes the synthesis of y-jasmolactone (59). 

Thus the synthetic procedure described here offers a direct and versatile route to 

a wide range of y-substiluted y-lactones using the readily available Bmethyl-5-hepten-2- 

one as starting material. A method for the synthesis of an appropriate starting material 

for Glactones, 7-methyl-6-octen-2-one, is available in the literaturelo and thus these 

lactones should also be accessible using the procedure described here. 
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(*)-./-SUBSTITUTED ./-BUTYROLACTONES 1355 

2.1 -Bromo-2-pentyne, 45 '  9 1. LiNEt2/HMPAITHF, 45' 

3.10% HCI 

O,, NaOH 

Lindlar catalyst, H2 
OMe -----+ 65% 

0 

(49) 

Scheme 5 

Experimental 

lH- and 13C-NMR were recorded at 270MHz and 60MHz, respectively. All 

starting materials and solvents were dried and distilled before use. 

Alkylated Ketones (3): 

The preparation of the ketones (3a), (36) and (30 has been described 

previouslyb. 2-Methyl-2-tetradecen-6-one (3b) was prepared using the same 

procedure; yield: 87%; bp 98-1 03O/1 .OmmHg. 

C15H280: CalC. 80.30, H 12.58; Found C 80.41, H 12.62. 

IR (film): v = 1715 (C=O); 830 cm-1 (olefinic C-H). 

'H-NMR (CDCIflMS): 6 = 0.87 (t, 3H, J = 7.20 Hz); 1.2 (m, 12H); 1.58 (s, 3H); 

1.63 (s, 3H); 2.23 (m, 2H); 2.41 (m, 4H); 5.03 (br s,lH). 

"C-NMR (CDCIflMS): 6 =  14.1, 17.2,22.65,22.7, 23.9, 25.8, 29.15, 29.2, 29.3, 

31.7, 42.8,43.0, 123.1, 133.0,210.0. 

y-Ketoesters (4); General Procedure: 

Ozone is passed through a gas dispersion tube into a stirred solution of the 

unsaturated ketone (3) in CH2C12 (50ml) and 2.5M methanolic NaOH (10ml) at -70° until 
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1356 GAVIN AND GERAGHTY 

Table. Preparation of y-Ketoesters (4) and y-Lactones (6). 

Ketoester (4) Lactone (5) 

Compound Yieldasb bp (W)l Molecular YieldaSb bp (%)I Molecular 
mmHg Formula or mmHg Formula or 

Lit. bp Lit. bp eC)l 
e w  mmHg 
mmHg 

a 70 100-10510.2 C1oHlaO3 82 130-135115 105-1071215 

b 73 10~11010.2 C13H2403 86 140-14410.1 14810S5 

C 55‘ 60-65115 85-86/14’’ - 

d 58c 80-8511 5 1 3013012 

e 75 150-16510.1 143- 60 140-15010.1 C13H~04 
14610.1 513 

f 66 100-110/0.1 C11H1603 - 
g 65 95-10010.1 15010.05’4 80 128-13510.5 110/0.35’4 

a Yild of product after distillation; the purity was ? 96% by GLC (3% OV 17,1604. 

CChromatography on silica required before distillation. 
Satisfactory etamental analyses were ob ta i i :  C 5 0.3, H 2 0.3. 

the solution tums blue. The ozonolysis of 2-methyldodeo2-en-9-yn-6-one (3f) is 

monitored carefully by GLC and the reaction is terminated at 97% conversion in order to 

prevent reaction at the triple bond. Water (30ml) and ether (30ml) were then added and, 

after warming to room temperature, the mixture is extracted with ether (3 x 20ml). The 

combined ether extracts are dried over MgS04 and the solvent evaporated to give (4) as 

a yellow oil which is purified by Kugelrohr distillation. 

Methyl I-Oxononanoate (4a): yield: 70%; bp 100-1 05°10.2mmHg. 

C10H1803: Calc. C 64.49, H 9.74; Found C 64.65, H 10.00. 

IR (film): v = 1740 (COOMe); 1715 cm-I (C=O). 

lH-NMR (CDCIJrMS): 6 = 0.87 (t, 3H, J = 6.23 Hz); 1.3 (m, 4H); 1.57 (m, 2H); 
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( +)-y-SUBSTITUTED 7-BUTYROLACTONES 1357 

2.42 (t, 2H, J = 7.50Hz); 2.56 (t, 2H, J = 6.78Hz); 2.70 (t, 2H, J = 6.50Hz); 3.65 

(s, 3H, COOMe). 

13C-NMR (CDCIJTTMS): 6 = 13.8,22.4,23.45, 27.7, 31.3, 37.0, 42.7, 51.6, 173.0, 

209.0. 

Methyl 44xododecanoate (4b): yield: 73%; bp 105-1 1 0°/0.2mmHg. 

C13H2403: Calc. C 68.38, H 10.59; Found C 68.29, H 10.74. 

IR (film): v = 1740 (COOMe); 1715 cm-l (C=O). 

'H-NMR (CDCIflMS): S = 0.88 (t, 3H, J = 7.20 Hz); 1.25 (m, 10H); 1.60 (m, 2H); 

2.46 (t, 2H, J =  7.40Hz); 2.59 (t, 2H, J=6.50Hz); 2.74 (t, 2H, J =  6.41Hz); 3.68 

(s, 3H). 

"C-NMR (CDClflMS): S =  14.1, 22.6, 23.8, 27.7, 29.1, 29.3, 31.3, 31.7, 37.0, 

42.7, 51.7, 173.0,209.0. 

Dimethyl 44xododecanedioate (4e): yield: 70%; bp 150-165°/0.1 mmHg 

(lit.13 143-146°/0.15mmHg). 

C14H2405: Calc. C 61.74, H 8.88; Found C 61.97, H 9.16. 

IR (film): v = 1738 and 1732 (COOMe); 1716 cm-l (C=O). 

'H-NMR (CDCIJTMS): 6 = 1.35 (m, 10H); 2.30 (t, 2H, J = 7.5); 2.45 (t, 2H, J = 

7.50Hz); 2.61 (t, 2H, J =7.50Hz); 2.76 (t, 2H, J = 7.5Hz); 3.67 (s, 3H, ); 3.68 (s, 

3H). 

13C-NMR (CDCIJTTMS): 6 = 23.5,24.7,27.6,28.8,29.5,33.9, 36.9, 42.5, 51.25, 

51.6, 173.2, 174.0, 209.0. 

Methyl 44xodec-7-ynoate (40: yield: 65%; bp 100-1 10°/O.l mmHg. 

C11H1603: CalC. C 67.32, H 8.22; Found C 67.00, H 8.28. 

IR (film): v = 1736 (COOMe); 1716 cm l  (C=O). 

'H-NMR (CDCIgMS): 6 = 1.09 (t, 3H, 7.51 Hz); 2.13 (tq, 2H, J = 7.5 and 0.9Hz); 

2.42 (tt, 2H, J = 7.50 and 0.9Hz); 2.75 (t, 2H, J =7.30Hz); 2.67 (t, 2H, J = 
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1358 GAVIN AND GERAGHTY 

7.3Hz); 2.61 (t, 2H, J =  7.2Hz); 3.68 (s, 3H). 

"'C-NMR (CDCIJrMS): 6 =  12.2, 13.3, 14.0, 27.6, 37.0,41.9, 51.6, 77.6, 82.2, 

173.0. 207.0. 

y-Ketoesters (4); from hydrazones (7); general procedure: 

A solution of hydrazone (7) (7.5mmol) in CHzCI2 (5Oml) is cooled to -78O and 

ozone is passed in through a gas dispersion tube until the solution turns blue. Afler the 

solution is swept with N2 gas for 15min, methyl sulphide (5.4m1, 144mmol) is added and 

the solution is stirred at room temperature overnight. The solvent and excess methyl 

sulphide are then evaporated off under reduced pressure (T c 400) and the residue is 

dissolved in 2.5M methanolic NaOH (14.6m1, 36.5mmol) and CH2CI2 (5Oml). Ozone is 

passed in as before at -78O until the solution turns blue, water (50ml) and ether (5Oml) 

are added and the stirred solution is allowed to warm to room temperature. The mixture 

is extracted with ether and the combined ether extracts are dried over MgSO4; 

evaporation of the solvent, chromatography on silica gel (eluent: gradient, 10-90% ether 

in 40-60° petspirit) and Kugelrohr distillation gives the y-ketoester (4). 

Methyl Levulinate (4c): yield: 50%; bp 60-6S0/15mmHg (lit.11 85- 

86O/14rnmHg). 

IR (film): v = 1739 (COOMe); 1718 cm-I (C=O). 

IH-NMR (CDCIJTTMS): 6 = 2.19 (s. 3H); 2.70 (m, 4H); 3.68 (s, 3H) 

Methyl I-Oxoheptanoate (4d): yield: 58%; bp 80-8S0/1 SmmHg (lit.I2 

. 1 30°/30mmHg). 

IR (film): v = 1742 (COOMe); 1716 cm-I (C=O). 

IH-NMR (CDCIJrMS): 6 = 0.92 (t, 3H, J = 6.85 Hz); 1.63 (m, 2H); 2.60 (m, 4H); 

3.67 (s, 3H). 

"C-NMR (CDCIJTTMS): S = 13.3, 16.9, 27.4, 36.8.44.2, 51.3, 172.95,208.6. 
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(+)?-SUBSTITUTED 7-BUTYROLACTONES 1359 

Methyl 44xodec-7enoate (4g): 

Methyl 4-oxodec-7-ynoate (4f) (0.2g. 1.02mmol) is added to MeOH (20ml) 

containing quinoline (0.03ml) and Lindlar catalyst. The mixture is stirred under a 

hydrogen atmosphere and the reaction is stopped at 98% conversion (GLC). The catalyst 

and quinoline are removed by filtering the reaction mixture through silica and the solvent 

is evaporated to give (4g) which is purified by Kugelrohr distillation: yield: 0.13g (65%); 

bp 95-105°/0.1 mmHg (lit.I4 1 50°/0.05mmHg). 

IR, 'H-NMR spectroscopic data in agreement with lit. data14. 

I3C-NMR (CDCIDMS): 6 =  12.7, 18.9,20.0, 26.2, 35.65,41.1, 50.2, 125.6, 

131.4, 172.8, 206.8. 

Lactones (5); General Procedure: 

NaBH4 (0.0899, 2.3mmol) and Na2HPO4.12H20 (0.104g, 0.31mmol) are added 

to MeOH (15ml) and the mixture is cooled to Oo. The ketoester (4) in MeOH (15ml) is 

added dropwise and afler being kept at Oo for a further 5 min, the mixture is stirred at 

room temperature until the reaction is complete (IR, GLC), c. 24h. Water is then added 

and the product mixture is extracted with ether (3 x 20ml). The combined ether extracts 

are dried over MgS04 and the solvent is removed to give the lactone (5) which is further 

purified by Kugelrohr distillation. 

Dihydro-Spentyl-2(3ff)-furanone (a): yield: 82%; bp 120-1 30°/1 5mmHQ (lit's 

105-1 07°2mmHg). 

IR, lH-NMR and 13C-NMR spectroscopic data in agreement with lit. data16-17. 

DihydroS-octyl-2(3H)-furanone (5b): yield: 86%; bp 140-144°/0.1 mmHg (lit.15 

148°/0.5mmHg) 

IR, IH-NMR and "C-NMR spectroscopic data in agreement with lit. datal6~l7. 

DihydroS-(6methoxycarbonylheptyl)-2(3H)-none (tie): yield: 60%; bp 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

ex
as

 L
ib

ra
ri

es
] 

at
 0

6:
38

 2
6 

Ja
nu

ar
y 

20
15

 



GAVIN AND GERAGHTY 1360 

13S-145°/0.1 mmHg. 

C13HZ04: Calc. C 71.98, H 6.71; Found C 72.03, H 7.00 

IR (film): v = 1775 (lactone), 1737 cm-l (COOMe). 

lH-NMR (CDCIJTTMS): 6 = 1.45 (m, 14H); 2.31 (m, 2H); 2.54 (t,2H, J = 6.9Hz); 

3.67 (s, 3H); 4.60(m, IH). 

'JC-NMR (CDCIflMS): 6 = 17.7,24.6,24.9,27.7, 28.55,28.7,28.76,28.8,33.7, 

35.3, 51.1, 80.7, 173.8. 

Dihydrob-[(Z)-3hexeny~-2(3H)-furanone (y-jasmolactone) (59): yield: 85%; 

bp 12&135°/0.1 mmHg (lit.14 165°/0.2mmHg). 

IR, 'H-NMR spectroscopic data in agreement with lit. data14. 

I3C-NMR (CDCIflMS): 6 = 14.2, 20.5,23.0, 27.95,28.8, 35.6, 80.3, 127.1, 

133.1, 177.1. 
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