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Abstract Synthetic methods for y-butyrolactone derivatives were 

reviewed. Contents were selected from the recent literatures. 
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1. Introduction 

Recently, there has been an increasingly large research devoted to develop- 

ing synthetic routes to saturated and unsaturated y-butyrolactones. This bas been 

caused by large interests in several attractive biologically active derivatlves 

~ncluding natural products and many of sesguiterpene tumor inhibitors possessing 



a-methylene-y-lactone structural feature, have been synthesized. Total synthesis 

of those natural products was always in hand before the stage of lactonlzation 

or introduction of methylene group at the a-positlon and much more efforts were 

made for a construction of complicated moieties including a stereoselective app- 

roach to the key intermediates in many cases. Although brief excellent reviews on 

the synthesis of unsaturated y-lactones were published already1", we wish to 

describe a general synthesis of y-butyrolactones with references published after 

1975. We wish to illustrate even a simple lactonizatlon if it is a widley appli- 

cable reaction and/or it is the key step for a synthesis of some speciflc target 

molecules, since many facile and convenient methods for introduction of substi- 

tients or conversion to unsaturated derivatives have been well studied. 

2. Lactonization of Y-hydroxy and y-keto acids 

Cyclizatidn of Y-bydroxy and y-keto acids is one of most typical manner for 

a synthesis of y-hutyrolactones and related compounds, with many of works datlng 

2 hack to the late 1800's . A numerous methods for the approach to y-hydroxy and 

y-keto acids have been investigated to synthesize y-butyrolactones. For instances, 

following three major routes exist for this purpose. 

i) selective reduction of keto acids and hemi esters 

ii) Ring opening of epoxides with carbanionic acetate and its equivalents 

iii) The reaction of 0-carbinionic propionate with ketones and aldehydes 

We also wish to refer to a synthesis of same natural products possessing a 

y-lactone unit accomplished through the above methods. 

Actually, it is well known that cyclization of levullmic acid gave a-an 

3 gelicalactone (1) . Acid-catalyzed cyclization of levullinic acid in the presence 
4 of acetic anhydride afforded the acetoxy-y-lactone (2) , 
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Similarly, the +-olefinically unsaturated y-lactone (41, useful in perfu- 

5 
mes, was synthesized by cyclization of the keto acid (3) . cyclization of acetyl- 

6 
acrylic acid yielded the 4-methylene-A"'-butenalide (5) . In the course of a 

synthetic study of marine products possessing a y-butyrolactone skeletone7, the 

8 lactone (8) was synthesized through bramination of the keto acid (6), followed 

by cyclization of the dibromo keto acid (7) with sulfuric acid in 28 % yield. In 

this reaction, sulfuric acid acted as an oxidizing agent as well as a dehydrat- 

ing agent. n 

Meerwein-Pondorf reduction of ethyl 8-benzoylpropionates (9). followed by 

9 
hydrolysis of the y-hydroxy esters gave 4-aryl-y-butyrolactones (10) . Similarly, 

reduction of the 4-oxo-(3-furanyl)hutyric acid (11) with sodzum borohydrlde, 

followed by lactonization afforded the hutyrolactone (12), which bad antiinfla- 

mmatory activity 10,ll 



Hydride reductlo" of tile diastereomerlc keto acid (13) gave the four possi- 

12 ble diastereomers of t r i p h e n y l - y - b u t y r o l a c t o n e  (14) . 

Reduction of the keto acid (15) with lithium in liquid ammonla in the pre- 

sence of ammonium chloride g.ave the 5-oriented y-lactone (16) and the axial al- 

13 coho1 (17) in 69 B yield in a ratio of 41:26 , 

COOH 

(15) (16) (17) 

Reduction of succinic acid, maleic acid and fumaric acid derivatives is also 

effective for a synthesis of y-butyrolactones. Some of works are illustrated 

below. 

R= - H and --. . H 

i) !JaA1HZEt2 
COOH 

ii) H+ 



Reduction of the hemi ester (18) with calcium borohydride (prepared by mix- 

ing sodium borohydride with calcium chloride), followed by the standard work-up 

yielded the lactone (19), which was the key intermediate for the synthesis of 

18 
(?)-podorhizone (20) . 

Cyclization of the henzamide of y-keto-a-amino acids (21a) and (Zlb) with 

10 $ sulfuric acid-acetic acid afforded the &a'8-hutenolides (22a) and (22b), 

respectively. Catalytic hydrogenation of (22) over Pd-C gave the saturated y- 

19 
hutyrolactones (23a) and (23b) . 

Treatment of the ester (24) with sodlum methoxide in methanol at room tempe- 

rature afforded the lactone (25), methylatlon of which with methanollc hydro- 

chloric acid gave the methyl ether (26). Dehydrogenation of (26) with dichloro- 



dicyanoquinone y i e l d e d  p i p e r o l i d  ( 2 7 )  20 

I n  o r d e r  t o  p r e p a r e  t h e  cyc lohexadienone  d e r i v a t i v e  ( 3 1 ) ,  t h e  e s t e r  ( 2 8 )  

was s u b j e c t e d  t o  a p a r t i a l  r e d u c t i o n  w i t h  l i t h i u m  b o r o h y d r i d e  t o  g i v e  t h e  a l c o h o l  

( 2 9 ) .  C y c l i z a t i o n  of  ( 2 9 )  w i t h  p - t o l u e n e s u l f o n l c  a c i d  gave t h e  s p i r o  l a c t o n e  ( 3 0 ) ,  

which was c o n v e r t e d  t d  t h e  d ienone  ( 3 1 )  21 

The s i m i l a r  cyc lohexadienone  s p l r a  l a c t a n e  ( 3 4 )  was a l s o  o b t a i n e d  th rough  

t h e  l a c t o n e  ( 3 3 ) ,  p r e p a r e d  by a c i d - c a t a l y z e d  c y c l i z a t i o n  of  t h e  k e t o  d i a c i d  ( 3 2 )  

22 
i n  t h e  p r e s e n c e  of  e t h a n o l  . 

R1=OCH2C6H5. R2=H and 

R =H, H2=OCH C H 1 2 6 5  

T e t r o n i c  a c i d  ( 3 6 a )  was e a s i l y  o b t a i n e d  by t r e a t m e n t  of  Y-hydroxy e s t e r  

(35a)  w i t h  p e r c h l o r l c  a c i d .  I n  a s m i l a r  manner, t h e  t e t r o n l c  a c i d s  (36b) - (36d)  

'2 3  were a l s o  o b t a i n e d  from t h e  c o r r e s p o n d i n g  e s t e r s  . 
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Cyclization of the y-keto acid (37) gave the conjugated y-methylene lactone 

(381'~. 

Cyclization of the a,y-diketo ester (39a) gave the y-methylene-~"'B-huteno- 

lide (40a), whereas ethyl (2-axacyclohexy1)glyoxalate (39h) gave the benzofura- 

25 none derivative (40h) , 

The dlester (41a), prepared by condensation of pyrrolidine enamine of cyclo- 

hexanone with diethyl ketomalonate, was treated with phosphorus pentoxide in 

rnethanesulfonic acid to give the benzofuranone derivative (42a). In a simllar 

fashion, the y-methylene-~"'~-hutenol1des (42b) and (42c) were obtained from the 

26 diesters (41b) and (41c), respectively , 



0 R COOEt COOEt 
I1 I I 

RCH2-C-CH-C-OH 

COOEt - .&x0 
H 

Following illustration is a synthesis of a-alkylidene-dB'Y-butenolides. Con- 

densation of ethyl B-(3,4-dimethylbenzoy1)propionate with benzaldehydes eave the 

a-benzylidene derivatives (43a)-(43c), treatment of which with sodium ethaxide in 

27 ethanol yielded (44a)-(44c), respectively , 

c ~ 3  &CooEt - &' COOEt p 

CH3 
CH3 

(43) CH3 & CH3 (44) 

Cyclization of 6-carbamoyl acids was also investigated. Treatment of the 

carboxylic acids (45a)-(45d) with acetic anhydride-perchloric acid gave the co- 

rrespondlng isoimidinium perchlorates, deprotonation of which yielded the a-al- 

28 k y l i d e n e - y - a m i n o - ~ ' ~ - b u t e n o l i d e s  (46a)-(46d), respectively . 

Jlalemic monoamide (47) was treated with ketene in the presence of acetlc 

anhydride to give the iminofuranone (43) 29 
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Hydroxya~rylonit~iles and amldes were also used for a synthesis of bas ' -  

butenolides. The acidic cyclization of (49a) and (49b) with ptoluenesulfonlc 

acid gave the corresponding 14a-cardenolldes (50a) and (50h), respectively 
30 

Cyclization of the nitrile (51), obtained by condensition of dlethyl oxalate 

with benzyl cyanide, yielded the lactone (52) 
31 

Hydrolysis of (3)-(-) and (R)-(+)-4-hydroxydodecanitrlle gave, after work- 

up under acidic conditions, (S)-(+)-y-n-octyl-Y-lactone - and (R)-(-)-y-?-octyl-Y- 
32 lactone, respectively . 

(S)-(-) and (R)-(+)- ( S ) - ( + ) -  and ( R ) - ( - ) -  

Treatment of 4-(hydroxymethyl)-B-lactams (53a) and (53b) with methanesulfo- 

nic acid in benzene afforded 5-anilkno-y-butyrolactones (54a) and (54b), respect- 

ively 33,34 



The ketone (56), obtained by oxidation of (55) with m-CPBA, was reacted with 

1-diethylamlnopropyne to give the amide (57), which upon treatment in acetone 

35 underwent ring closure yielding the lactone (58) . 

(55) (56) (57) ( 5 8 )  

R=(CH3j3Si 

Carboxymethylation of ketones or hydroxymetbylation of anids are often used 

for a synthetic approach to Y-butyrolactone derivatives. Carboxymethyl-1,3-cycla- 

hexadione (59) was heated in acetlc anhydride to give the en01 lactone (60), 

36 which was hydrogenated to afford the saturated lactone (61) , 

Ring closure of the keto acid (64), obtained by the reaction of lithiated 

ketone (62) with ethyl bramoacetate, followed by hydrolysis of the keto ester 

(63), afforded the butenolide (65), which was the key intermediate for a synthesis 

37 of (+)-damsin (66) . 
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The keto acid (68), obtained by the cleavage of the prenyl double bond of 

(67) in a straightforward manner with ozone, followed by Jones oxidation, was 

cyclized with sodium acetate-acetic anhydride to give the hutenolide (69). Cata- 

lytic hydrogenation of (69) over 5 $6 Pd-C afforded the *-fused tricyclic lactane 

(70)". q-tx,,-RQ 
RO 

COOR 
(67) (68) (69 )  (70) 0 . . 

R=CH2C6H5 

Carboxymethylatian of the ketone (71) wlth hromoacetic acid, fallowed by re- 

duction of the resulting keto acid (72) with sodium borohydrlde gave the lactone 

(73), which was the key intermediate for the synthesis of the aromatic analogue 

39 of strigol (74) . 
H 

@ - - 
OH 

OH OH (74) 
(71) (72) (73) 

Carboxymethylation of phenylthioacetone with iodoacetic acid, followed by 
CH3 

reduction of the acid (75) gave the lactone (76). Thermal decomposition of the 
40 sulfoxlde (77) ylelded the butenolide ( 7 8 )  . 

i 
CH2COOH C61y C H S  
I 

C6H5-S-CH-COCH3 - 
C9 

3 m04 Cli3 5'mo - CH3 
(76) (77) (75) (78) 

The lactone (SO), the key intermediate for a synthesis of hop ether (81), 

was easily obtained through hydrolytic recyclization of (79)41. Reduction of the 

hicylo keto ester (82) with sodlum borohydrlde and sequential treatment with 

rnethanolic potassium hydroxide afforded the lactone (8314', which was the l-deoxy- 

prostagrandin intermediate. Slmilar lactonization was seen in the course of the 

total synthesis of (+)-marasnic acid. Reduction of (84) with diisobutylaluminium 



hydride gave t h e  hemiacetal  ( 8 5 ) ,  which was e a s i l y  converted t o  t h e  herniacetal 

(86)  by exposure t o  t r i f l u o r o a c e t i c  ac id43.  The hemiacetal  (85) was converted t o  

(')-marasnic ac id  ( 8 7 ) .  

t COO- Hu 

' OAc 
(82)  

t 
COO- Bu 

HO 

OHC H 

AS Seen i n  t h e s e  i l l u s t r a t i o n s ,  l a c t o n i z a t i o n  of hydroxy a c l d s  should be 

t r e a t e d  a s  an  exce l l en t  procedure i n  a l l  c a s e s ,  i f  they were e a s i l y  a v a i l a b l e .  

Cleavage of epoxides wi th  carbanionic  a c e t a t e  o r  i t s  equ iva len t s  has been examined 

f o r  t h i s  purpose.  The r eac t lon  of cyclohexene oxide wi th  5-hutyl  l i t h i y e t a t e  

af forded the hydroxy e s t e r  ( 8 8 ) ,  which was cyc l i zed  t o  t h e  l ac tone  (89)44 .  The 

y i e l d  of (88)  r a i s e d  by t h e  use of diethyl-5-butoxycarbornethylalane (Et2A1CH2C00- 

t -Bu). For t h e  purpose of r i n g  opening of hindered epoxides ,  d ie thyle thoxyethynyl-  

a lane  ( 9 0 ) .  Et2A1C*C-OEt, was employed as  t h e  e f f e c t i v e  carbanionic  a c e t a t e  equi-  

v a l e n t .  Thus, t h e  r eac t ion  of t h e  epoxldes (91a)  and ( 9 l b )  with ( g o ) ,  followed 

by a l coho lys i s  and r ing-c losure  a f fo rded  t h e  corresponding y-butyrolactones 

(92a)  and (92b), r e s p e c t i v e l y .  
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t 
COO- Bu 

COOCH 
I H 

These reactions were extended to the ring opening of a-oxygenated epoxides. 

The reaction of the e-hydroxy epoxide (9%) and its silyl ether (93b) with 

dilithlaacetate gave a mixture of (94a) and (94b), after cyclization of the reac- 

tion intermediates with p-toluenesulfonic acid, in a 3:l ratio. However, the same 
45 

reaction by the use of (90) instead of dilithioacetate gave exclusively (94b) . 
45 

Ring opening of the epoxide (95) was also investigated . 



Treatment of the epoxide (96) with dimethyl sodium malonate in methanol and 

successive work-up under hydrolysis conditions gave the lactone (97), which was 

converted to the a-methylene-y-lactone (98). In a smilar way, the lactones (99) 

46 and (100) were also prepared , 

The reaction sequences of the reactlon between dianlon of phenylthioacet~c 

acid and propene oxide yielding a-phenylthio-y-butyrolactones provide a general 

47 method f o r  a synthesis of a variety of A""-butenolides . 

Similar typical illustrations are shown below 

COOEt 

CH3 CIi3 

P C1 COOEt 

+ CHZ(C00Et)2 -_) 

C1-C-21 

C1 
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R1=C6H5, allyl, Bu; R2=H. CH3; R =W, CH3,  E t ,  P r ;  R -R =-(CH ) - 3 2 3 2 5 



CH 

ii) Li/NH3 

+ OC!I~C~H~ iii) H OH 
CH2 

u (?)-Vernomein (?)-Vernolepin 

i) LiCH2COOLi 
OH -, 

ii) CHZN2 
0 

60 

iY) OH- 
OH OH 

In the above cases, epoxides behave as an electrophile whereas in the 

following illustration, epoxide acts as a nucleophile. Lactonization of the epoxy 

ester (101). obtained through condensation of methyl methacrylate with tetramethy- 

lene bromide and following epoxidation of B,Y-unsaturated ester, afforded the 

61 spiro-8-methylene-y-butyrolactone (102) . 

(101) 
(102) 

y-Hydroxy acids can be easily obtained by the reaction of lithium B-lithio- 

Propionate, obtained from 6-bromopropionic acid, with aldehydes or ketones. These 
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acids underwent cyclization with p-toluenesulfonic acid to the corresponding 

62 y-butyrolactones . 

The reaction of dianion of itaconic acid monoester or trianion of itaconic 

acid with aldehydes or ketones provides a direct method for a preparation of a- 

methylene-y-lactones 63264. One example is illustrated below. 

Canadenosolid (103a) and epi-canadenosolid (103b) were prepared by this 

0-CH(OEt)CH3 
I 

i) 9-CqH9-CH-CHO HOOC .. 
COOLi > 

cooLi ii) H+/H~O HO 

0 

H 
n-C H 
- 4 9  n-C H - 4 9  

Condensation of diethyl lithiosuccinate with a-keto esters afforded y-butyro- 

65 
lactone 3,4-dicarboxylate (104) . 



I,i COOEt 0 w I1 
EtOOC + R-C-COOCH3 .-, " O o C h  

(104) c~s/trans mixture 

H=CH3. Pr, C6H5CH2 

The lithio salt of ethyl 3-pyrrolidinylpropenoate (105), obtained by treat- 

ment of (105) with ?-butyllithium in tetrahydrofuran at -113 'C, was used for a 

direct synthesis of the p y r r o l l d i n o - b a " - b u t e n o l i d e s .  Thus, y-methyl (10tia) and 

ti6 y-phenyl derivative (106h) were obtained , 

0 RCHO 

)9 
, Q 

COOEt Li COOEt 
R 

Following reaction is useful for a synthesis of y,y-disuhstituted A'"- 

butenolides. The reaction of lithiated carboxylate (107) wlth benzaldehyde and 

67 cyclohexanone afforded (108) and (109). respectively . 

Condensation of 1,3,6-trilithiosuccinanilide (110) with benaophenone gave 

68 the lactone (Ill), after work-up under acidic conditions . 
0 
I 1  

Li Li Li i) (C6R5)2C=0 
C6H5N-CO-CH-CH2-CO-NC 6 H 5 

* )  H+ 

(110) C6H5 
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In the course of the study of a method for a synthesis of o,B:unsaturated 

carbonyl compounds, 0-acyl-a-keto-y-lactones such as (112), precursor* of a- 

methylene ketones, were synthesized by hydroxymethylation of a,y-diketo esters 
69 

A typical illustration is shown below 

(112) 

Some y-butyrolactones possessing negative group at the 8-position were syn- 

thesized through hydroxymethylation-cyclization procedure. 

i ) parafomldehyde COOH Ref. 70 
C H -CH-CH2COOH 
6 5  I 

+ 
CN ii ) H+ 

The Reformatsky type reaction of the methyl bromomethacrylate derivative 

(113) by the use of zinc dust or zinc/copper couple gave *-fused a-methylene- 

Y-lactone (115). In the case of the same reaction of E-isomer (114) yielded a 

72 mixture of (115; 46 %) and (116; 12 %) . 



3 .  O x i d a t i v e  l a c t o n i z a t i o n  of d i a l s  

O x i d a t i v e  c y c l i z a t i o n  o f  t e t r a m e t h y l e n e  g l y c o l s  i s  sometimes u s e d  f o r  a  

s y n t h e s i s  o f  y - b u t y r o l a c t o n e  derivatives. The r e a c t i o n  would p r o c e e d ,  most 'pass- 

i b l y ,  & o x i d a t i o n  of l a c to l  i n t e r m e d i a t e s .  

C a t a l y t i c  o x i d a t i o n  o f  t e t r a m e t h y l e n e  g l y c o l  i n  t h e  p r e s e n c e  of  I n ,  T1, G a ,  

A 1  or Zn a t  545  'C gave y - b u t y r ~ l a c t o n e ~ ~ .  y - B u t y r o l a c t o n e  was also o b t a i n e d  by 

p a s s i n g  a s t r e a m  of hydrogen ,  t e t r a m e t h y l e n e  g l y c o l  d i a c e t a t e  o r  monoace ta te  and 

methanol  a t  190-200 "C i n  t h e  presence  of copper  chromite-magnesia  c a t a l y s t  can- 

74 
t a i n l n g  magnesium o x l d e ,  magnesium hydroxxde and manganese mono-oxide . 

C a t a l y t i c  o x i d a t i o n  of  t h e  d i o l  ( 1 1 7 )  u n d e r  a tmosphere  of  oxygen i n  t h e  p r e -  

s e n c e  of p l a t i n u m  c a t a l y s t  a f f o r d e d  t h e  l a c t o n e  ( 1 1 8 ) ,  which was t h e  key i n t e r -  

75 
m e d i a t e  f o r  t h e  t o t a l  s y n t h e s i s  o f  ('j-damsm ( 6 6 )  . 

S i l v e r  c a r h o n a t e j c e l i t e  is q u i t e  u s e f u l  f o r  a c o n s t r u c t i o n  of y - l a c t o n e  

moie ty  t h r o u g h  a p a r t i a l  o x i d a t i o n  of d l o l s .  Some t y p i c a l  i l l u s t r a l o n s  are  shown 

& 'OH fiO 



HETEROCYCLES, Vol 14, No 5, 1980 

n - C 7 H 1 5 ; t " c  Ref. 78 - 
OH - 

H' OH 
H 

This ox ida t ive  l a c t o n i z a t i o n  was w e l l  app l i ed  t o  a  s y n t h e s i s  of t h e  key 

in termedia te  (121) l ead ing  t o  a- and 5-santonin.  The d i o l  (120) ,  obta ined by t h e  

reduct ion of t h e  ke to  e s t e r  (119) ,  was oxidized with s i l v e r  c a r h o n a t e / c e l i t e  t o  

79 give  (121) . 

@+$)+$Ao COOEt OH OH 

Oxidation of t h e  d i o l  (122) with a l k a l i n e  potassium permanganate gave a  

80 
s t e reo i somer ic  mixture of t h e  s p i r o  l ac tone  (123) . 

R H= . - CH and 3 

Manganese d ioxide  is very e f f e c t i v e  f o r  a ~ ~ n t h e s l s  of a-methylene-y-lactone 

moiety through a  p a r t i a l  ox ida t ion  of a-methylene-1.4-glycols. Dianion of metha- 

l l y l  a l coho l ,  prepared by t rea tment  of me tha l ly l  a lcohol  wi th  potassium t-bu- 

toxide-1-butyl l i th ium,  was r eac ted  with ketones t o  g ive  t h e  d i o l s  (124) .  Oxida- 

t i o n  of (124) with manganese d ioxide  a f f o r d e d  y-substuted a-rnethylene-y-lactones 

( 1 ~ 5 ) ' ~ .  

CH2 
II 

0 
II OIf Mn02 

- C H ~ - C - C H ~ O -  + R1 

R2 

R2 (124) (125 



Similarly, oxidation of the diol (126) with manganese dioxide afforded the 

desired a-methylene-y-lactone (127), whlch was further converted to confertin 

( 1 2 ~ ) ~ ~ .  

Horse liver alcohol dehydrogenase-catalyzed oxldatmn of &-1,2-bis- 

(hydroxymethy1)cyclohexane and +-1,2-bis(hydroxymethyl)cyclohexa-4-ene, invol- 

vlng FMN-mediated recycling of catalytic amounts of NAD+ coenzyme, gave o p t i -  

83 cally pure lactone, respectively . 

4. Cyclization of B,y- and y,6-unsaturated acids 

In this section, we describe a synthesis of y-butyrolactones by the use 

of 6,y-and y,6-unsaturated acids and esters as starting rnaterlals. Two major 

procedures exist for this purpose. 

i) Acid-catalyzed cyclizatlon 

ii) Cyclization involving halogenation, hydrasulfenylation and hydroseleny- 

lation 

-- ' a 0  X=halogen, RS, RSe 
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First, we describe an acid-catalyzed lactonization and then wish to refer 

to recent advances in halolactonization and sulfenyl- and selenyl-induced lacto- 

nization. At the first of this sectLon as a typical illustration, ring closure 

of the diester (129) should he shown. The diester (129), derived from l-methyl- 

cyclohexene and dimethyl acetylenecarboxylate, was cyclized wlth 80 % sulfuric 

acid to give the lactone (130)'~. 

Decarboxylation of (132), obtained by hydrolysis of the ester (131) with 

84 copper-quinoline at 120 'C afforded the a-methylene-y-lactone (133) . 

(131) R=CH3 
(133) 

(132) R=H 

Treatment of a mixture of (134a) and (134h) with an acid afforded a mix- 

85 ture of the lactone (135a) and (135b) in a ratio shown below . 

rith SI 

acid 135a1134b 

SnC14 60140 

90 % H2S04 80120 

98 % H2S04 9614 

llfuric acid-acetic acld /or BF3 a ffor ded 



the lactane (137) in 70-75 $ yield. Similarly, the cyclohexadieneacetic acid 

86 derivative (138) gave the lactone (139) . 

COOH - 
S02C6H5 

Thls acid-catalyzed cyclization was applied to a synthesis of o-rnethylene- 

87 Y-lactone (141). Cyclizatlon of (140) gave (141) with stereoselectivity . 

Treatment of the dicarboxylic acid (142) with conc. sulfuric acid yielded 

the lndenofuranocarhoxylic acid (144) through intramolecular alkylation and 

88 concomitant lactonization of the intermediate (143) . 

Hydrolysis of the ester (145) under acidic conditions gave 64 % yield of 
89 the lactone (146), which exhibited a strong inhibition of Shay ulceration . 



L 
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Ring closure of the hydroxy esters (147a) and (147h) with conc. sulfurlc 

acid gave the lactone (148a) and (148b), respectively. These were converted to 

the corresponding a-methylene-Y-lactones (149) and (141), respectively, by 

90 
treatment with sodium carbonate . 

CH 
I 3  

(147b) (148b) 

Cycloalkylidene-Meldrum's acid (150) was treated with sulfuric acid to give 

the lactone ( 1 5 1 ) ~ ~ ~  possibly the corresponding B,y-isomerization. (151) 

was further converted to (141). 

It might he rather exotic to show the following example. Nitration of methyl 

6-3,4,5-trimethylphenyl-8,B-dimethylpropinat with potassium nitrate in sulfuric 
92 

acid gave the nitrated spiro y-lactone (152) . 

(152) 
93 

Dihydromuconic acid was converted to y-carboxymethyl-y-lactone (153) - COOH H+ 
HOOC - ( 0 0  

COOH 

(153) 



~alolactonization~~ of (,&-unsaturated acids is widely applied to a synthesis 

of Y-hutyrolactone derivatives. Although this cyclization originates from the 

work of Fittig's and has long history, many typical illustrations can he found 

in the recent literatures. In the study of the hromolactonization of the norbor- 

nene dicarboxylic acid, ~anganathan'~ found that the structure of the particular 

lactone formed was dependent on the pH of the reaction medium. On the reaction of 

(154) with bromine in aqueous solution at pH 3, the prefered course of reaction 

involved more highly suhstituted carhoxylic function to give (156) as the product; 

in contrast, the same reaction in sodium bicarbonate at pH 8 proceeded with the 

least suhstituted carhoxylic function to give (155) as the product 

In the lactonization by this method, 8-lactane (157), kinetically favoured 

product, easily isornerized to thermodynamically more favoured y-isomer (158) by 

96 heating at 130 'C through concomitant l,2-bromine migration . 

(157) (158) 

In the application of this lactonization, the hydroxy 

were cyclized to the corresponding iodolactones (160a) and 

OR PH 

(-)qv COOH w0 
acids (159a) and (159h) 

97 (160h), respectively . 
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In t h e  s y n t h e t i c  s t u d i e s  d i r e c t e d  t o  f r u l a n o l i d e  (163) ,  t h e  unsa tu ra t ed  ac ld  

(161) was converted t o  t h e  iodolactone (162) by t rea tment  wi th  potassium t r i -  

ibd lde  i n  sodium bicarbonate  aqueous s o l u t i o n .  Dehydroiodonation t o  y i e l d  (163) 

98 
was e f f e c t e d  by t rea tment  with DBN . 

COOH 

Iodolactonizat ion of t h e  ac id  ( 1 6 4 ) ,  followed by dehydroiodonation of t h e  

iodolactone (165) with DBU, gave t h e  t r ionone  ( I % ) ,  which was used in t h e  

t o t a l  s y n t h e s i s  of (')-"ernolepin (167a) and (2)-vernomenin (167b) 
99 

Bromolacton~zat ion of t h e  Diels-Alder adduct (168) of dimethyl fmara te  and 

trimethylsilylcyclopentadiene gave t h e  bromolactone (169) ,  which was f u r t h e r  

100 converted t o  (170) . 

Iodo lac ton iza t ion  was used f o r  t h e  separation of t h e  Birch reduct ion pro- 

duct  (172) from t h e  mixture of t h e  s t a r t i n g  m a t e r i a l  (171) and t h e  t e t r ahydro  

groduct .  The des i r ed  dihydro product (172) was sepa ra ted  by conversion l n t o  t h e  

n e u t r a l  iodospiro  l ac tone  (173)101. Unsaturated a c i d s  can be customarily regene- 

r a t e d  from ha lo lac tones  102, 103 



CH. 

Iodolactonization of 1-methyl-3-cyclohexenoic acid (174) with iodine and 

potassium iodide in aqueous sodium bicarbonate afforded the iodolactone (175)lo4, 

which was the key intermediate in a synthetic study directed toward the formation 

of trans-8-methyl-1.5-hydroindandione (176). 

0 

The following conversion, through iodolactonization and dehydroiodonation, 

105 was reported by Trost aimed at the prostanoid synthesis . 

The Diels-Alder adducts (178) and (179), obtained by the reaction between 

1-methoxycyclohexa-l,3-diene (177) and fumaroyl chloride, were determined by 

Separating their methyl esters and then converting each to the bromolactones 
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Iodolactonizat ion of a lkeno ic  a c i d s  (182a)-(18c) proceeded wi th  high s t e r e o -  

107 
s e l e c t i v i t y  t o  g ive  (183a)- (183c) ,  r e spec t ive ly  . 

HOOC ___) 

CH3 

1 1 R 7 r >  

20 : 1 

The novel sp i robis -y-methylenebutyrolac tone  (185) was prepared through 

iodo lac ton iza t ion  of d i e t h y l  d i a l ly lma lona te ,  followed by dehydroiodonation of t h e  

108 
l ac tone  (184) . 

I*?*, 0  0 

(184) (185) 

One of important  a p p l i c a t i o n  of t h i s  l a c t o n i z a t i o n  is i l l u s t r a t e d  i n  a  s t e -  

r eocon t ro l l ed  s y n t h e s i s  of thromoxane B2 from ~ - g l u c o s e ~ ~ ~ .  The amide (186) was 

109 t r e a t e d  with iodine  t o  g ive  t h e  iodolactone (187) . 
0 

Hydrosulfenyla t ion and hydroselenyla t ion a r e  app l i ed  t o  a  s y n t h e s i s  of 

Sulfenyla ted  and s e l e n y l a t e d  Y-lactones from a lkeno ic  ac id .  Some i l l u s t r a t i o n s  

a r e  shown below. 



- COOII 
N-PSP 

o r  N-PSS 

Ref .  112 

: H 

coon 

0' 
N-PSP 

> 
or N-PSS d' 

c6H5sefl, 
N-PSP= 

N-SeC6H5 ; N-PSS= N-SeC6H5 d 0 6 0 

5 .  L a c t o n i z a t i o n  of a c i d s  and e s t e r s  p o s s e s s i n g  a l e a v i n g  group  a t  y - p o s i t i o n  

I n  t h i s  s e c t i o n ,  we d e s c r i b e  a c y c l i z a t i o n  of  y - s u b s t i t u t e d  b u t y r i c  a c i d  and 

e s t e r s  a s  shown below.  
7, 

! a, Y-halogen, m i n o ,  a.lkoxy1 o r  

hydroxyl  g roup  

The most t y p i c a l  example is i l l u s t r a t e d  i n  a  s y n t h e s i s  of  y-forrnyl-y-butyro- 

114 l a c t o n e  ( 1 8 9 )  by b r o m i n a t i o n  of (188)  . 

OHC 

CHO 
( 1 8 8 )  

( 1 8 9 )  

The e s t e r  ( 1 9 0 )  was h e a t e d  i n  methanol  i n  t h e  p r e s e n c e  o r  a b s e n c e  of  s u l f u -  

r ic  a c i d  t o  g i v e  t h e  l a c t o n e  ( 1 9 1 )  115 

P r e p a r a t i o n  of l a c t o n e s  t h r o u g h  t h e  s i m i l a r  p r o c e d u r e  is i l l u s t r a t e d  below 
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yOOCH3 COOH Ref. i) Br2 or C12 
H-C -CH(COOCH3)2 

I .. . ..-. 

CH2CH2COOCH3 
0 CH3 COOEt 
11 I I Br2 EtOOC 

+ 
EtOOC 

CH3-C-CHCH2C-CH2CH2COOCH3 - 118 
I 0 
COOEt COCH3 

R1=CH3, Et; R2=CH3, Et, C6H5 

122 
Br COOH 

'=sH5 

y 3  
COOEt 

H+ 
(EtOOC)2C-CH2-F-CH(OCH3)2 -, 12 3 

Br 

NBS 124 
CH3CH=C(CH3)COOH Br 

Bz202 ~~ - 

CH 
3, NBS Br-CH2\ 

C=CH-COOCH3 - C=CH-COOCH3 - 125 
cR3' Br-CH2 / 



Ethoxyl and alkoxyl groups a r e  a l s o  used a s  a  l eav ing  group i n  a c y c l i z a t l o n  

providing r - l ac tones .  Sapon i f i ca t ion  of t h e  d i e s t e r  (192) gave t h e  d i a c i d ,  which 

underwent thermal decarboxylation wi th  e l imina t ion  of e thano l  t o  g ive  t h e  y- 

ethoxy-y-hutyrolactone ( l 9 3 ) l Z 6 ,  

(Et0)2CH-CH2-CHCOOEt 
I EtO 
COOEt 

(192) (193) 

n-Butylation of  (194) with d i b u t y l  copper l i th ium,  followed by t rea tment  w i t h  - 
127 acid  af forded t h e  y-butyrolactone (195) , &so i )  BuZCuLi - 

O< ii) n+ HO 

0 Jx,- H k  : V 

(194) (195) 
OH 

Hydroxy a lkenoic  a c i d s  a r e  a l s o  used f o r  a  s y n t h e s i s  of Y-butyrolactones 

under a c i d i c  cond i t ions .  The hydroxy a c i d  (196) is e a s i l y  converted t o  t h e  o- 

128 methylene-y-lactone (197) by t rea tment  with an a c i d  , 

H+ a -  Coon B o 

(196 (197) 

129 I n  a  s i m i l a r  f a sh ion ,  t h e  lacrone (198) was converted t o  (199) . 

Treatment of (200a)-(200.2) wi th  p e r c h l o r i c  ac id  y ie lded  t h e  l ac tones  

(20la)-(ZOlc) , respectively130. 
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/ COOCH, 

Quaternary  ammonium and diazonium s a l t s  were a l s o  used a s  a l eav ing  group 

i n  t h e  s y n t h e s i s  of y- lac tones  as i l l u s t r a t e d  below. 

HN02 
HOOC > 

nooc' 
H3C.N'CH3 

.. CH(COOEt)2 i )  CH31 
I 

ii) KOH 

,,&COOH HN02 
(R)- HOOC 

~ O O H  

6.  Formation of y-butyrolac tones  from cyclopropanecarboxylic a c i d s  

A rou te  f o r  a s y n t h e s i s  of y-hutyrolactone d e r i v a t i v e s  by ac id  and metal-ion 

rearrangement of f u n c t i o n a l l y  s u b s t i t u t e d  cyclopropanes o r i g i n a t e s  from t h e  i n i -  

t i a l  work of ~ u d r l i k ' s ' ~ ~ .  A rearrangement of t h e  e s t e r  (202) forming t h e  a- 

135 
methylene-y-lactone was examined i n  d e t a i l  . 

X ac id  y i e l d  of l ac tone  

OH HC104  67 % 

OMS Lic104 68 % 

B r  AgClO, 74 % 

I Agc1O4 8 1  % 



The c y c l o p r o p a n s  a o y l a l  ( 2 0 3 )  was h e a t e d  i n  aqueous  a c e t o n e  a f f o r d e d  a- 

carboxy-y- lac tone  d e r i v a t i v e  (204)  1 3 6 ,  137  

T r a n s f o r m a t i o n  of  (205)  t o  t h e  c o r r e s p o n d i n g  a -methy lene-y- lac tones  was 

c a r r i e d  o u t  by  t r e a m e n t  w i t h  t r i r n e t h y l s i l y l  i o d i d e ,  f o l l o w e d  by d l s t i l l a t i v e  

t h e r m o l y ~ i s ' ~ ~ ,  

I n  t h e  c o u r s e  o f  s y n t h e t i c  s t u d i e s  of  eburanornlne,  an i n d o l e  a l k a l o i d ,  

139  ( 2 0 7 a )  and (207b)  were c o n v e r t e d  t o  ( 2 0 8 a )  and ( 2 0 8 b ) ,  r e s p e c t i v e l y  , 

E t  E t  

7. Formation o f  y - b u t y r o l a c t o n e s  by i n t r a m o l e c u l a r  Knoevenagel  t y p e  r e a c t i o n  

I t  might  b e  n o t e d  t h a t  t h e  i n t r a m o l e c u l a r  Knoevenagel t y p e  r e a c t i o n  o r  i n -  

t r a m o l e c u l a r  W i t t i g  r e a c t i o n  might  b e  r a t h e r  c l a s s i c a l  methods f o r  p r o v i d i n g  baa ' -  

b u t e n o l i d e s .  A s  t h e  most t y p i c a l  i l l u s t r a t i o n ,  a f o r m a t i o n  o f  t h e  b u t e n o l i d e  

(210)  s h o u l d  b e  g i v e n .  B a s e - c a t a l y z e d  c o n d e n s a t i o n  o f  a-bydroxy k e t o n e  ( 2 0 9 )  w i t h  

d i e t h y l  malona te  i n  t h e  p r e s e n c e  o f  sodium e t h o x i d e  i n , e t b a n o l  gave  ( 2 1 0 ) ~ ~ ~ .  I n  

a s imilar  manner ,  c o n d e n s a t i o n  o f  1 - a c e t y l c y c l o h e x a n o l  w i t h  4 -methoxyphenylace ty l  

c h l o r i d e  i n  benzene  c o n t a i n i n g  p y r i d i n e  a f f o r d e d  t h e  y -sp i ro -be" -bu teno l ide  

( 2 1 1 ) ~ ~ ~ .  T h i s  r e a c t i o n  was a p p l i e d  t o  a s y n t h e s i s  of a - a l k y l - ~ ~ " - h u t e n o l i d e s  

( 2 1 2 ) .  R e a c t i o n  o f  ( 2 0 9 )  w i t h  d i e t h y l  a l k y l m a l o n a t e  i n  t h e  p r e s e n c e  of  p o t a s s i u m  

c a r b o n a t e ,  f o l l o w e d  by c y c l i z a t i o n  o f  ester i n t e r m e d i a t e s  y i e l d e d  t h e  o - a l k y l -  

b u t e n o l i d e s  (212)14'.  T h i s  r e a c t i o n  was a l s o  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  
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142 potassium carbonate at 210-220 "C . 

CH3 
CH3 0 COOEt 
I I1 

cH -c -c-cH 3 + cH2(cmEt)Z- [cH3+:3 V c o o ~ t  j 
AH CH, 

H=Et, Pr, Bu, Pentyl (212) 

(211) 
Esterification of (209) with butyroyl chloride, followed by cyclization in 

the presence of potassium carbonate or sodium ethoxide gave (212; H = ~ t ) l ~ ~ ,  a- 

Phenyl-y,y-dimethylbutenolide (213) was prepared by this as shown below. 

The acetoacetate (214), prepared by the reaction of ketene dimer with di- 

methyl malate, was cyclized with potassium t-butoxide afforded the oxofuranone 

(215), which was the key intermediate for the synthesis of (RS)-carlosic acid 

(216), isolated from Penicillium charlesii 144 

3 

Intramolecular Wittig reaction is also applied to a synthesis of some dasB-  

145 butenolides. One typical example is shown below , 



8. Lactonlzation involving metal-induced carboxylation 

In this section, we describe a formation of y-butyrolactone derivatives 

through insertion of CO and C02 or carboxylation of metalated intermediates. 

Vinylmercurials are known to give a,%-unsaturated esters by the reaction wlth CO 

in the presence of ~ d - c o m p l e x ~ ~ ~ ,  This reaction was effectively applied to a syn- 

thesis of 0-chloro-~~"-butenolide (217) by the reaction of CO in the presence 

147 of Li2PdC14 in TRF in good yield . 

147 
By this reaction, a variety of 0-chloro-A~'~-hutenolides were prepared . 

The a-ethylidene-y-lactone (218) was formed by the reaction of butadiene with C02 

148 in the presence of Pd[Ph2P(CH2)2PPh2]2 through C02 insertion mechanhI , 

(218) 

Cyclodimerlzation of methylene~yclopro~ane occurred in the presence of C02 

and Pd(0)-phosphine complex catalyst to give the ~~~%-butenolides as outlined 

149 below . R 

-P; + c02 =+.a + Rdo 
R 

R 

y-Ethyl-a-methylene-y-lactone (219) was directly obtained by the reaction 

150 of Ni(CO)4 in moderate yield . 
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(219) 

The reaction of the alcohol (220) with methyl iodide in benzene in the pre- 

151 
Sence of rhodium trichloride gave y-isopropyl-y-lactone (221) . 

(220) 
Palladium catalyzed synthesis of 8-methyl-~"~-hutenolide was achieved by 

the reaction of iodoalkenol with CO in the presence of PdC12(PPh3)2, potassium 

carbonate and hydrazine15'. By this method, a variety of 5.y-disubstituted 

butenolides were synthesized. 

Stirring methyl iodide and phenylacetylene with CO~(CO)~ in benzene in the 

presence of sodium hydroxide containing phase transfer catalyst, cetyltrimethyl- 

153 
ammonium bromide, under atomosphere of CO afforded y-hydroxy-Aa"-butenolide . 

Tltanium catalyzed hydromagnesiation reactlon of olefinic alcohol providing 

y-lactones was presented by ~ i s c h l ~ ~ .  Treatment of 1-vinylcyclohexanol with 

ethylmagnesium bromide in the presence of cyclopentadienyltitanium chlortde 

followed by treatment with C02 gave (222). 

9. Ring expansion of cyclohutanone derivatives 



Ring e x p a n s i o n  o f  c y c l o b u t a n o n e  d e r i v a t i v e s ,  somet imes ,  p r o v i d e s  a u s e f u l  

method f o r  a p r e p a r a t i o n  o f  y - b u t y r o l a c t o n e s  and h a s  been  a p p l i e d  t o  a s y n t h e s i s  

o f  key i n t e r m e d i a t e s  l e a d i n g  t o  n a t u r a l  p r o d u c t s .  The B a e y e r - V i l l i g e r  r e a c t i o n  

o f  b romocyc lobu tanone  ( 2 2 3 )  by t h e  u s e  o f  m-CPBA g a v e  a-bromo-y-lactones  ( 2 2 4 ) ,  

155  which were e a s i l y  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  a - m e t h y l e n e - y - l a c t o n e s  , 

T y p i c a l  i l l u s t r a t i o n s  are shown below 

R e f .  156  

T h i s  r i n g  e x p a n s i o n  p r o v i d i n g  Y - b u t y r o l a c t o n e s  was e f f e c t i v e l y  a p p l i e d  t o  

a s y n t h e s i s  o f  t h e  key i n t e r m e d i a t e  ( 2 2 5 )  l e a d i n g  t o  (? ) - ivangu l ln160  a n d  ( 2 2 6 )  

l e a d i n g  t o  ( ? ) - e r i o l a n i n  16  1 
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t-B"0OH 

THPO 
H' 

(225) 

h 
10. Methods starting from furan derivatives 

Many convenient methods for a conversion of furan derivatives including 

tetrahydrofurans to y-butyrolactones have been reported. Electrochemical oxi- 

dation of tetrahydrofuran in the presence of alkali metal bromides on a Pt anode 

gave ~-butyrolactone~~~. Oxidation of totrahydrofurfuryl alcohol by molecular 

oxygen also gave y-butyrola~tone~~~. Liquid-phase ox~dation of tetrahydrofurfuryl 

alcohol in the presence of B203 gave y-butyr~lactone'~~. 2-Hydroxytetrahydrofurans 

165 Can be easily oxidized with silver carbonate-celite in xylene under reflux . 

2-Alkoxytetrahydrofuran derivatives are also oxidized by the use of m-CPBA in the 

presence of BF3.Et20 to y - b ~ t ~ r o l a c t o n e s ~ ~ ~ .  Liquid-phase catalytic oxidation of 

tetrahydrofuran-2-carboxylic acid with oxygen by using B203 as a catalyst in 

chlorobenzene gave y-carboxy-y-hutyrolactone164. Fnran was easily converted to 

~~,'-butenollde by bromination in acetic acid containing acetic anhydride and 

sodium acetate, followed by thermolysis of the resulting black tar 
167, 

0 /cat. 2 
HOOC ' HOOC 



P h o t o c y c l o a d d i t i o n  o f  f u r a n  and benza ldebyde  o r  p r o p i o n a l d e h y d e  gave  t h e  

o x e t a n e  (227a)  and ( 2 2 7 b ) ,  which were e l e g a n t l y  c o n v e r t e d  t o  t r a n s - a - a l k y l i d e n e -  

Y- lac tones  ( 2 2 9 a )  and ( 2 2 9 b ) ,  r e s p e c t i v e l y 1 6 8  as o u t l i n e d  below. M e s y l a t i o n  of 

t h e  i n t e r m e d i a t e  ( 2 2 8 b ) ,  f o l l o w e d  by o x i d a t i o n  of t h e  m e s y l a t e d  p r o d u c t s  w i t h  g- 

CPBA i n  t h e  p r e s e n c e  of  BF3.Et20 gave  t h e  2 - s u b s t i t u t e d  y - b u t y r o l a c t o n e  ( 2 3 0 ) .  

Trea tment  o f  (230)  w i t h  DBU gave  a  m i x t u r e  of (229b)  and t h e  *-isomer (231)  i n  

168  r a t i o  of 23 : lR  . 

P h o t o o x i d a t i o n  o f  3 - c h l a r o  or 3-bromofuran i n  methanol  gave  0 -ch loro  o r  B- 
1 6 9  b r o m o - y - m e t h o x y - ~ ~ ' ~ - b u t e n o l i d e  . 

- 
P h o t o o x i d a t i o n  o f  t h e  f u r a n o e r e m o p h i l a n e  ( 2 3 2 a )  and l i q u l a r o l  ( 2 3 2 b ) ,  

f o l l o w e d  by h y d r o l y s i s  a f f o r d e d  ( 2 3 3 a )  and ( 2 3 3 b ) ,  r e s p e c t i v e l y .  These were re- 

duced w i t h  sodium b o r o h y d r i d e  t o  a f f o r d  e r e m o p h i l e n o l i d e  ( 2 3 4 a )  and its 6 E 0 H  

170 d e r i v a t i v e s  ( 2 3 4 b ) ,  r e s p e c t i v e l y  . 
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Oxidation of t h e  furan (235) with lead t e t r a a c e t a t e  af forded t h e  d l a c e t a t e  

171 
(236) ,  thermolys is  of which gave t h e  butenol ide  (237;  74 %) and (238;  17 %) . 

The acyloxyfuran (239) rearranged i n  t h e  presence of BF3.Et20 t o  g ive  t h e  y-  

172 acyl-A' '-hutenolide (240) . 

Treatment of t h e  ethoxycarbonylfuranone (241) with aqueous potassium bydro- 

173 xide gave t h e  8-hydroxy-ba"-hutenolide (242) . 

(241) (242) 

L l t h i a t e d  2-t-hutoxyfuran was r eac ted  with ke tones ,  9.. benzaldehyde gave 

174 
Y-alkylidene-A~'*-butenolide, a f t e r  t rea tment  with p- to luenesulfonic  ac id  . 

11. Miscellaneous rou tes  t o  y-hutyrolactones inc lud ing  in t roduc t ion  of s u h s t i -  

t u e n t s  

Although most of r e p r e s e n t a t i v e  methods providing y-butyrolactones were 

described a l r e a d y ,  some o t h e r  unique methods f o r  a cons t ruc t ion  of Y-hutyrolactone 

and methods f o r  in t roduc t ion  of s u b s t i t u t e n t s  at t h e  a -pos i t lon  should he des- 

c r i b e d  i n  t h i s  s e c t i o n .  I n  t h e  course of a t o t a l  s y n t h e s i s  of c o n f e r t i n ,  Semmel- 

back repor t ed  a  l a c t o n i z a t i o n  procedure.  Cycl iza t lon of t h e  sulfonium sal t  (243) 

with zinc-copper couple a f fo rded  t h e  &-fused a-methylene-Y-lactone (244) ;  

whereas t rea tment  of (243) wi th  excess  bis(l,5-cyclooctadine)n1~kel(0) gave (245) .  



l-Alkenes were reacted  with t r i c h l o r o a c e t i c  a c i d  or d i c h l o r o a c e t i c  a c i d  i n  

t h e  presence of  c a t a l y t i c  amount of  d i ch lo ro  tris[triphenylphosphin]rhuthenium(U) 

176 i n  t o luene  af forded y-alkyl-a-chloro-y-lactones . 
C1 

R-CH=CH2 + XC12C-COOH ) 
H 

X=H,  C 1  R'P-C4HS, ;-C6HI3, ;-C8H17 

d: 
3-(a,B-EPoxy)-6-lactams were found t o  be e a s i l y  conver t ib l e  t o  a-amino- 

177 methyl-A~"-butenol ides  as o u t l i n e d  below . 

R1=C6H5, R2=H; H1=C6H5, R 2  =CH 3 ; R 1 2  -R =-(CH 2 3  ) - ;  R 1 2  -H =-(CH ) - 2  4  

In t ramolecular  Diels-Alder r eac t ion  of (246) gave t h e  l ac tone  (247) 178 

Int roduct ion of methylene group a t  t h e  a-posi t ion  is a l s o  one of important 

s u b j e c t s  in th is  f i e l d .  F i n a l l y ,  only recent  r e p r e s e n t a t i v e  methods were shown 

below. 



aSH ii) c6H5cHo " - 
iii) C1CM)Et 

H MOH 
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Ref. 180 

SC6H5 e l e c t r o  ox. 
182 

ir 

eo SeC6H5 3 0 2  

n 

12. Conclusion 

A s  mentioned above, t h e r e  have been repor t ed  a number of d i r e c t  methods 

providing y-butyrolac tones .  Many of them were prepared f o r  t h e  purpose of pre- 

pa ra t ion  of b i o l o g i c a l l y  a c t i v e  compounds, s i n c e  many of them showed a t t r a c t l v e  

b i o l o g i c a l  a c t i v i t i e s .  Furthermore,  approaches t o  n a t u r a l l y  occur r ing  s e s q u i t e r -  

pene y-lactones have been inc reas ing ly  developed. Now, s y n t h e t i c  s tudy toward 

n a t u r a l l y  occurr ing sesqu i t e rpeno id  y- lac tones  should be t r e a t e d  a s  another  

s u b j e c t ,  s i n c e  a  cons t ruc t ion  of y-butyrolactone u n i t  a s  a  p a r t i a l  s t r u c t u r e ,  

have been w e l l  s t u d i e d  a l ready.  Recent advances i n  t h e  s y n t h e t i c  chemistry of 

se squ i t e rpeno id  y-lactones w i l l  be d icussed i n  another  paper .  
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