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SYN'IHESIS OF SATURATED Y-LACTONES. A REVIEW 

Raphael Ikan and Vera Weinstein 

Department of Organic Chemistry, Laboratory of  
Natural Products, Hebrew University of Jerusalem 

and U z i  Ravid 

Frutarom Chemical Company, Haifa, Israel. 

y-Lactones a re  ubiquitous natural  products. They have commanded 

continuous at tent ion owing t o  t h e i r  economic values and t h e i r  being con- 

venient models for many new synthet ic  approaches. 

The aim of this review is t o  br ing together various synthet ic  routes 

fo r  the preparation of saturated y-lactones i n  a flow chart  format. 

1-3 1. From Cyclopropanes 
COOC H 

5 1 . ~ i ( ~ ~ i g ) 2 ~ u  ocr 2 .Hydrolysisb 

Lithium dimethyl copper opening of cyclopropyl lactone followed by hydro- 

l y s i s  and decarboxylation gives spiro-y-lactone. 

Q++l CN R, 
L 

k I O O H  

H+ 
.IL-.c 

H+ 

Q(y2 0 

Cy clopropane carboxy li c acids undergo acid- catalyzed rearrangement t o  

y-butyrolactones. 
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IKAN, WEINSTEIN AND RAVID 

2. From C y c l o b ~ t a n e s ~ - ~  

83% 

90% 

R2' - 0  " NaOH 

Treatment of cyclobutanone with basic  hydrogen peroxide i n  methanol 

solution a t  room temperature allows smooth conversion t o  Y-butyrolactone. 

This method is highly s tereoselect ive and allows the presence of double 

bonds i n  the s ide chains, e.g. 

Ho-U 
7 3. From Cyclopentanone 

K C r  0 
2 2 7  - 

"ZS04 

80% 

20% traces  H O  -S03Na 

Anodic oxidation of sodium b i s u l f i t e  addition product of cyclopentanone 

affords a mixture of  y- and 6-lactones. 

8-13 
4. From Olefins and Epoxides 

72% 
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SYNTHESIS OF SATURATED y-LACMNES. A REVIEW 

Acetic anhydride has dramatic effect  on both, ra te  and yield of the 

reaction. 

of acetic anhydride, i n  i t s  absence and during 24 hours, the yield drops 

t o  25%. 

Thus 72% yield is obtained within 90 minutes i n  the presence 

The reaction of ceric s a l t s  and carboxylates with al iphat ic  and aromatic 

olefins has broad synthetic u t i l i t y  for  the fac i le  preparation of 

y-lactones. 

1. NaCH(COOEt) 

The y-lactone is  formed as a by-product in the oxidation reaction of 

the olefin. 

+ cH2=c=o BF3 . R G O  

Addition reaction of 1,2-epoxides with ketene, i n  presence of BF 

catalyst  affords y-substituted-y-butyolactones i n  10% yields. 

5. From Unsaturated Acids 

as 3 

14 

37% 39% 
This synthesis furnishes a mixture of alkyl-y-lactone and furan- 
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I K A N ,  WEINSTEIN AND R A V l D  

propionic acid. 

6. From Hydroxy Acids 15,16 

11 60-85% 
microbiol. 0 

R-C- (m,) 2-COOH - 
The product i s  op t i ca l ly  act ive.  

b HOCH2CH2 CH2COOH __t 

1 KBH OH 4, @$OH 

@- COM2-!-CH3 2 .  H+ 
COOH 

0 

97% 

17 7. From Diacids 

o+ 2AgBr 
/CH2CooAg 

H C  

CH2COOAg 
2 \  

30-40% 

This is  a modified Hunsdiecker decarboxylation. 

8. From Halo Acids 18 

(ai,) 2mOH 50% 
CF2=CFCOOCH3 w 

Photochemically i n i t i a t e d  react ion of 2-propanol with methyl-trif luoro- 

acrylate  i n  l iquid phase affords  f luorinated y-lactones i n  good yields .  

C1CH2CH2CH2COOH + A 0 + H C 1  

19 9. From Amino Acids 

COOH 

H2N H 

CH2CH2COOH 

2. NaBH4 

3.TsC1 P 
4. R2CuLi 
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SYNTHESIS OF SATURATED y-LACTONES. A REVIEW 

This route appears t o  be an at t ract ive one because the s ta r t ing  materials 

are available and the product is opt ical ly  active. 
20,21 10. From Amides - K R 

y-Lactones are formed by thermolytic homolysis of N-chloro amides. 

50% 

Lactonization i s  most conveniently effected by photolysis of the amide 

i n  the presence of excess of iodinating agent such as iodine with 

- t-butylhypochlorite or lead tetraacetate.  

22-24 11. From Esters 

NZCH-CO-O-C(CH3) * Go + c)CH,co-o-c(~3)3 

By photolysis of t-butyl e s t e r  of diazoacetic acid. 

R. 

70% 
H 

R1, / 

R2 ' 'COOEt 
y-rays c= c 

By irradiation-induced addition of alcohol t o  a,B-unsaturated ester .  

%C-C=O 
1. MeONa COOEt 

CH,hCH-CoOEt + HOMZ(OCH2)nOCH20H 2- a 
0 

By base-catalyzed aldol condensation of substi tuted malonic and aceto- 

acet ic  e s t e r  with paraformaldehyde. 
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IKAN, WFINSTEIN AND RAVID 

25 12 .  From Hydroxy Esters 

R1, p3 
/ t  CH-C-CH2-COOR4 H2S04 ~ : s o  70-90% 

R2 R2 OH 

The y i e ld  i s  high when there  i s  a t  least one secondary or t e r t i a r y  alkyl  

group on carbon 3 (R 

the synthesis of y,y-disubsti tuted y-lactones. 

13. From Cyclic Anhydrides 

o r  R 2 ) .  The method i s  especial ly  su i t ab le  f o r  1 

26 

Cyclic anhydrides may a l s o  be reduced t o  y-lactones with sodium o r  sodium 

amalgam i n  alcohol; sodium borohydride however, is an exceptionally 

mi Id reducing reagent. 

14; From Ketones and y-Hydroxyketones 27,28 

( a 3 )  2CHCOCH3+H2C=C=0 BF3 . H : q - j L o  41% 

H3C 
By react ion of ketones with ketenes i n  presence of boron t r i f l u o r i d e .  

n R a / N i  86% 
225OC 

H O - a 2  c0a3  

29 15. From Dialdehydes 

30 16. From Glycerides 

0 0  0 
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SYNTHESIS OF SATURATED y-LrAACMNFS. A REVIEW 

By cyclization of y-hydroxy acid moiety of glycerides. 

31,32 17. F m  1,4-DiOlS 

HO(CH2)40H % ($0 95% 

Silver  carbonate i n  Celite oxidizes primary 1,4-diols into y-lactones 

in good yields. 

18. From 6-Allenic Alcohols 33 

This is a selective oxidation method of 6-allenic alcohols. 

19. From l,?I-Chlorohydrins 34 

20. From Ethers 35,36 

oo 100% 0 2  0 0 

Tetrahydrofuran is oxidized smoothly t o  y-butyrolactone i n  quantitative 

yield. 
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IKAN. WEINSTEIN AND R A V I D  

37 21. From Lactols 

m-C1-C H CO H 94% 
M 3 0 0 4 H g  BF3* Etz0 3 * f l C 4 H 9  0 0  

Treatment of protected l a c t o l  with m-chloroperbenzoic acid i n  methylene 

chloride containing a c a t a l y t i c  amount of boron t r i f l u o r i d e  e the ra t e  

fOrms y-lactones i n  good yields .  

38 22. From 6-Lactones 

fJ= H2S04b 
0 A R O  

39 23. From bis-Lactones 

a 

RQo 

COOH 

1.reduction 
'$7'8 H 2. H+ 

81% 

91% 

Treatment of bis-lactone with NaBH4 i n  aqueous potassium hydroxide 

solut ion leads a f t e r  acidicat ion t o  pure .trans-tetrahydro-2-(n-octyl) - 

5-0x0-3-furanacetic acid i n  91% yield.  

24. By Wittig-type Synthesis 40 

Ph3P+C1(CH2)3COOH + Ph3h(CH2)3COOH !!%+ 62% 
A 0 c1- 

y-Butyrolactone is formed through an inte-mediate  phosphonium salt.  

I 
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SYNTHESIS OF SATITRATED y-LACTONES. A REVIEW 

41 25. By Claisen Rearrangement 

H 
89% 

HW2C ' c=c ' + CH3C(OEt)3 __L 
/ \  

H CH20H 

42,43 26. By Grignard Synthesis 

0 
I t  

b 0 0 c 6 H 1 3  30% 
C6H13M8X 

(X3-C-CH2(X2COOC2H5 

44 27. By Reformatzky Synthesis 

ROOC 
I t  1 .BrCH COOR/Zn 
0 

R1-CH2-C-CH2CH2COOR 2. H+ 

45,46 28. By Stobbe Condensation 

1. OR- 

CH2COOC2H5 ' l1 3. H+ 3. 0 81% 
CH2COOC2H5 1 2. SOC12 QC6Hl3 + CH3COCH C H 

47 29. From Ally1 Nickel Complexes 

32% 

There is remarkable solvent effect on C02 absorption; 90% i n  DMF; 

1% i n  C6H6' 
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Some of  t h e  synthetic methods mentioned i n  
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