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Abstract  - Synthesis of a - ~ t h y l e n e -  %butyrolactone moiety present  i n  

numerous na tura l  products displaying a wide range of biological  a c t i v i t y  

has been reviewed here embracing the period from 1980 to the middle of 

1985- 

The wide range of b io logica l  a c t i v i t y  (e.g. antitumor1, microbial 

growth inhib i tor4 ,  schistosomicida15, a l l e r g i c  contact dermati t is  6-11 

a n t ~ f e e d a n t ~ ' ~ ' ,  vertebrate plant growth inhibi tors15 and 

16 ant i inf  l ama to ry  ) displayed by a large number of compounds possessing a-methyl- 

ene-y -butyrolactone moiety has a t t r ac t ed  the a t ten t ion  of synthe t ic  organic 

chemists f o r  t he  synthesis  of this moiety during the p a s t  two decades. Several  

reviews have already appeared1', the present  a r t i c l e  dea ls  with the l i t e r a t u r e  

accumulated during the last f ive  years. 

1. I n  a preformed "/-lactons moiety the formyl group has been introduced using 

sodium hydride and e thy l  formate and the resul t ing enola te  (1) on ref luxing with 

18 formaldehyde fo r  3 h furnishes the a - ~ t h ~ l e n e - ^ l - l a c t o n e  ('a) i n  98% yie ld  . 
The react ion with benzaldehyde and propionaldehyde r e s u l t s  i n  the formation of a 

mixture of the corresponding and U -& (subs ti tuted ylidene) - f-butyro-  

lactones (2b). 



2. Tade &.I9 have employed the s t r a t e g y  f o r  the synthesis  of 6-methylene-7/- 

butyrolactones which requires the introduction Of carbonyl group a t  t he  l a s t  

stage. Thus they have developed a new method f o r  the synthesis  of 3-methylene 

oxolanes (4) through the reductive cycl iza t ion  of 2-[(2-propynyl)oxy] e t h y l  

bromides (3) by a cobalt  complex. 

-cf Cr03,Py,CH2C12 

Cobalt Complex n3 h,r'Zflux R 
(3) (Cobaloxime 1 ) R1 

R2 &5R3 R2 
( 4 )  

SCHEME 2 

3. The a l l y l i c  ~nethanesulfonic e s t a r  (5) is converted i n  s i t u  t o  the v inyl  

bromide (6) by treatment with nickel  carbonyl which undergoes carbonylation t o  

20 give the 6-methylene- y-lactone (7) . 

SCHEME 3 
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4. Palladium-catalyzed carbonylation of homopropargyl alcohols (8) is  one of the 

m a s t  usefu l  and well-documented t r ans i t i on  meta l  catalyzed synthesis of &-methyl- 

ene- Y - b u t y r ~ l a c t o n e s ~ ~ ,  but  S t i l l e  and Martin have reported the same could be 

obtalned i n  high y i e ld  from the palladiumcatalyzed carbonylation react ion of 

alkyl-subst i tuted 3-bromo-but-3-en-1-01s (9) as shown i n  scheme 422 below. 

Optical ly ac t ive  epoxides furnish the  corresponding lactones i n  an op t i ca l ly  pure 

s t a t e .  

R1 C"2 I' i,CuI,THF, ether, - 78°~.to r.t. 
> O  + /Cp,~~l, SiMe3 

R2 +Q S . 
%( "!3 

5. 2-Carbethoxy-allylation of c a r b o n ~ l  compounds i s  one of t he  widely used 
23 

procedure f o r  the construction of 6-methylane-f-butyrolactone moiety . 
Sakurai & while demonstrating the use of a l l y l s i l anes  have developed a new 

method f o r  the preparation of 2 - a l k ~ x ~ c a r b o n ~ l a l l ~ t r i m t h y l s i l a n e s  WNch has been 

employed f o r  the introduction of 2-alkoxycarbonylallyl group i n t o  e l ec t roph i l i c  

centres i n  a s ingle  s t e p  by react ion with acetals o r  carbonyl compounds. 

iii, B p  CH2 Cl2 
3 

i v ~  NaOMe , 
-78'~ 

MeOH 



i) EtONa, EtOH, 30min,gentle heat 
CH2(C00Et)2 ii)Me3SiCH2 CL, 24h,reflux C ~ e 3 ~ ~ ~ 2 ~ ~  (COOEt)2 

(iii) NaH, PhH,I '5h 
(iv)CH2Br2 j-eflux, 5h 

PhCH(OMe)2 
C%=C CH2 CHPh 

B F30Et2 I I 
CO OMe 
I 

O E ~  

( V )  KOH ,Hz 0 
(vi)Me3Si 
(viiNeOH i 
P 

SCHEME 5 

In a s imi l a r  method reported by Okuda & a l l y l i c  chromium species derived 

trom the  react ion of e thy l  d -(bromomethyl) acry la te  with C r ( I 1 )  reagent is 

condensed with aldehydes t o  obtain d -methylene- ^ / -b~t~rolac tones .  

6. Yamamoto at &.26 have made use of t he  preformed lactone moiety f o r  the 

preparation of (2) and (E)-alkylidene-+butyrolactone moiety. Titanium (IV) 

chloride mediated react ion of 4.5-dihydro-2- ( t r imethybiloxy) -%-(trimethyl~ilyl) 

furan (10) wi th  acetaldehyde gave d i a s t e r e o m r i c a l l y  pure ( 3 ~ * ,  1 '~~)-4 ,5-d ihydro-  

3-(1'-hydroxyethyl)-3-(trimethybilyl) -2(3H)-furanone (11) which afforded 

se lec t ive ly  e i the r  (2)-or (E) -d -ethylidene-?j-butyrolactone (12) under appropriate 

reaction conditions. 
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SCHEME 6 

7. An d -acry l i c  es ter  cation equivalent (13) has been employed i n  the cons-- - 
27 

ction of a -mthylene- y'-butyrolactone moiety 

Cyclohexanone lithium enolate reacts a t  -78-c with the suspension of (13) i n  THE 

solution t o  give diastereomeric adducts (14) which under suitable reaction 

conditions can be transformed into  and --&-ethylene- f-butyrolactones 

(15) and (16) as shown i n  the scheme 7 .  



OEt 

PF6- 

(13) 

(15) 

SCHEME 7 

8. Otera k v e  employed acid-catalyzed t h i o a l l y l i c  rearrangement as the 

key step i n  the construction of d-m%thylene-f-lactone moiety. (3-Siloxyketones 

(17) Were converted i n t o  d -methoxyallyl su l f ides  (18) through the Paterson 

olefinat ion whose hexane solut ion when refluxed i n  the  presence of s i l i c a  g e l  

gave (19). On subsequent treatment of (19) with 30% H ~ S O ~  followed by Jones 

oxidation furnished (20) whose desulfonylat ion was ef fec ted  with DBU i n  e the r  t o  

give the desired compound (21)  . 
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1 Si02'hexane 
ref lux 

R* 
30% H2 SO4 

R' 

SPh 
B u ~ e ~  S ~ O  

acetone,r.t. 

hMe * Rw SPh 
(19) OH 

Cr 03- H2SO4 
acetone, O'C 

9. Stereoselective radical cyclization of (22) i s  the key feature i n  the method 

developed by Moriya .1.29 for the synthesis of d-methylene-)/-lactone moiety. 

The bromoacetals (22) were prepared by the reaction of butoxyallene with excess 

a l l y l i c  alcohols i n  presence of NBS. The vinyl radical (23)  was generated by 

tri-n-butyltin hydride. 



L J 
SCHEME 9 

10. The u t i l i t y  of a l ly l s i lanes  i n  the preparation of a-mathylene- q-butyro- 

lactones has been demonstrated by l toh  & ,1.30 2-Bromoallyltrimethylsilane (24) 

was converted i n t o  a Grignard reagent which on reaction with epoxides (25) 

provides 2-(2-hydroxyetnyl)allylsilan& ~ 2 6 )  which could be e a s i l y  elaborated t o  

the d i o b  (27) and then to the lactones (28) as s h m  i n  the schem 10. 
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11. IcNhara a+ ,la3' have successful ly demonstrated the use of r e t r - ~ i e l s - ~ ~ e r  

reaction i n  Putting the exornethylene group i n  a l/-butyrolactone as  shown i n  

scheme 11. 

Br CH2COOMe 

COOMe 
COOMe 

Diisobutyl aluminium hydride, 
Toluene ,- 5 0 ' ~  

i )  Na BH4THF, r.1. 

ii) le/;NaOH in 
dioxane 

COOMe 

h: COOMe 

SCHEME 11 



12. mlsuist a+ &32 have demonstrated th.e u t i l i t y  of (3-amino e a t e r  enolate 

such as  (29) which can be alkylated with a va r i e ty  of a l l y l i c  halides t o  furn ish  

protected a c r y h t e  e s t e r s  L30) wNch may be conveniently converted i n t o  d -methyl  

ene- 7 -1actones. 

OLi 
I 

(iii)KOH,Me OH, Hz0  

(iv)KI,12 , Na HCOsH 20 I 
R1= -CH-CH=CH - R2 

I 

R7 CH-I  R2 - 
SCHEME 1 2  

13. 1.2-C-IsoPr~pylldene furanose derivat ives have been.converted i n t o  syn o r  an t i  

form Of d -rnethylene- S'-butyrolactones v i a  2-Gmethylene glycofuranosides which 

are hydrolysed under neu t r a l  conditions33. 
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xo 
n-BuLi.l.2-dimethoxymer t hane 

then H2, Pd-C,EtOH 
p+,"7-a* 

0 
C HZ OR 

phcH20D0R 
Ph CH2O 

Ag2C4- Celite - 
benzene 

OMe 
SCHEME 13 

14. Many years ago i t  was reported t h a t  cyclocarbonylation of ace ty lenic  alcohols 

(31) by a s toichiometric  Ni(CO)4 react ion leads t o  poor yields of d-methylens--i- 

34 butyrolactone (32) 

Ni(CO)L, 8 0 O ~  

HOAc ,H20 

Murray ,1.35 repor t  t h a t  palladiumcatalyzed c y c l ~ c a r b o n ~ l a t i o n  of ace ty lenic  

alcohols provldes good yields of the corresponding lactones. The general 

procedure used f o r  t he  preparation of ethynyl alcohol is shown i n  equation (1). 

'These authors have s tudied  various c a t a l y t i c  system but  the bes t  



cyclocarbonylation catalysc system has proved t o  be palladium chloride, anhydrous 

stannous chloride and 2 equivalents of a tert iary  phosphine i n  acetonitri le .  

[ 01 ethynylation CO Olefin - Epoxide + Ethynyl alcohol -i, d-~ethylene-$lactone.. (1) 

15. The reaction of lithium enolates derived from 6-ketoesters with complex 

cation (33) provides a f a c i l e  route 3.4-disubstituted d-meth~lene-Y)-butyro- 

36 lactones . 

&COOMe + + FP T H ~ - 7 8 z [ ~ ]  COOMe 

(BFA Salt ) 
(33) I 

HBF& Et20 aq Me2C0 

MeOOC MeOOC 

COOMe R 

SCHEME 15 
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16. Another appl ica t ion  of a l ly l s i l anes  f o r  the preparation of a - ~ t h y l e n e - q -  

lactones h3s been c i t ed  by Pu j i t a  ,1.37 2-Substituted a l l y l s i l a n e  (34) on 

t r e a t m n t  wi th  iodosobenzene and BF3 e thera te  i n  dioxane furnishes the conjugated 

enal  (35) i n  good yield, from which d-mthylene-"/butyrolactone w a s  synthesised 

as  shown i n  t h e  scheme 16. 
AcO 

C ~ H S I = O  
SiMe3 

BF3-OE t2 
Ph 

dioxane (35) 

I Sodium Chlorite, 
2-methyl -2- 
butene 

( i ) NaOH2H20,MeOH 

(ii) DCC, Py Ph 

SCHEME 16 

A,,,, 
17. P a l l a d i u m ~ a t a l ~ z e d  intramolecular carboalkoxylation of homoallylic chloro- 

£0-tes furnished d-methylene-i-lactones i n  poor t o  moderate yields3'. The 

s t a r t i n g  mater ia l  (36) can be mde from the homoallylic alcohols and phosgene. 

PdCl 

SCHEME 17 



18. d -Methylene- 7/-butyrolactones have been prepared through i sowzo l ines  as  

39 shown i n  schsme 18 . Cycloaddition reac t ion  of the n i t r i l e  oxide (37) with the 

appropriate alkene furnishes the isoxaaoline product (38) which is cleaved by 

hydrogenolpis and the r e su l t i ng  (j -hydroxyketone on methylenation provides horn- 

a l l y l i c  alcohol (39). Cleavage of the tetrahydropyranyl group followed by manga- 

nese dioxide oxidation of the d i o l  furnishes d-methylene-?/-lactone (40). 

(iii) p-TsOH,MeOH 

R 

SCHEME 18 

19. New c h i r a l  reagents such as  2-[(tributylstannyl) methyl] propenamides have 
40 been used fo r  a s p m e t r i c  synthesis of -/ -alkyl- d-methylen- y-butyrolactones 

Reaction Of ~-[(S)-d-methylbenzyl]-2-[(tributylstannyl)methyl ] propenamide 

- - - 4  with isovaleraldehyde i n  the presence of 4 equivalents of BF3 OEtZ 

furnished / -hYdrOxy-U-methyleneamide (42) i n  80% yie ld ,  which on ac id ic  hydro- 

lysis f u r n i s k d  Y'-isobutyl-a-mthylene- \ / - b ~ t ~ r o l a c t o n e  (43) i n  81% yield. 
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