
Temhedmn Laws, Vol. 35, No. 13. pp. 2083-X%6. 1994 
Elacvicr Sciam Ltd 

RilltCdiUGIUtBliUill 
-9194 s6.ooto.al 

Sonochemical Lactonization of Olefins with Ceric Ammonium Nitrate 
and Monomethyl Ester of Malonic Acid 

Andrea D’Anniie and Con-ado Trogolo 

Cmtro C.N.R di Studio per la Chimica delle Sostanze Organiche Naturali, Dipartimento di Chimica, Universit& 

degli Studi di Roma “La Sapien&, P.le Aldo More $00185 Roma,. Italy 

Abrlrad- Luctonization of okflns wirh monomet&vl ester of makmic a&i and ceric ammonium nittwte was cmried out 
in acettc octd and in -tawitrile am&r shnple mechanical stirring or vi- dirradiation Compmvtivensvltrorc 
yxuted; fw acttmted olrflns a good drtwnic accelemtioa ~45 observed 

Lactonization of oleks promo&d by Mn(OA& is a widely used methodology of -step synthe& of y- 

lactones.l From a mechanistic point of view, two single dectron tmnsfer (SET) steps are involved (see Scheme 

1) i.e. the generation of carboxyalkyl radical (step a) and the oxidation to carbocation of the radicaI &ct 

formed by addition of the initial radical to olefinic double bond (step b). 

Scheme 1 

step a 
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reagent in various solvents, and it is widely used to genera& u-carbonyl alkyl radicals &rn uubonyl compounds 

or other easily enolizable speck4 Nevertheless, only one example of its use in lactonization dons of alkenes 

at high tv is reported.5 

Westarted~raeearchstudyinetheefficiencydCANinttteayntbsQisofoGcarbomathowy~~ 

fiomolefins.Thefirst~swsrecarriedoutinrceticacidasso1~~CAN,alkene~andmono- 

methyl ester of malonic acid in a 4:l:S molar ratio and keepii for two hours the reaction mixture under 

ultrasound irradiation at 5-10°C or simple mechanical &ring at room teqemtum. Inboththeseconditionsa 

large amount of side products was obsen&, probably due to side oxidation processes of radical adduct. This 

was avoided by adding to the reaction mixture one equivalent of Cu(OAch, which is a fast oxidizer of #condary 

alkyl radicals to MrboMtions.6 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 

As shown in Tab. 1 simple alkyl ok&s afforded low to modest yields of y&tones in the selected reaction 

time, while an ultrasonic acceleration could be excluded. With more polar 01&s, we had modest to good yields 

that were enhanced of a 100/o or more using sonochemksl procedure. 

The trend of the reaction in acetonitie was the same, with a good ultrasonic acceleration for actkted 

ok&s. Moreover, simple snd acetalic enol ethers lmdenMMtbelactonizstioanactian sll~.Thisissn 

important result because tk lactonization ~FJI&OII with Mn@lj in acetic acid was not suitable for these acid 

sensitive substrates ; fimhamom, the parthhr stnzhm of these lactonization products make them important 

intermediates in synthesis of ksed acetal struw highly occu&g in chemistry of bioactive compounds.’ 

Inatypicalexperimenta~22o1ofo1cfin~addedtoasolutionofpotassiumsaltof 

monomethyl ester of malonic acid (0.9 g, 5.1 mmol) in 30 ml of solvent under an inert atmosphere, then CAN 
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(2.2 g, 4.0 mmol) was added (plus Cu(OAcb (0.4 g, 2 mmol) ifthe reaction was carried out in acetic acid) and 

the resulting suspension was stirred at room temperature or sonicated with a probe tramducer (equipped with a 

titanium microtip operating at 200 W/c&) in an ice-bath for two hours. Acetonitrile was evaporated under 

reduced pressure, water (NO ml) was added to the residue and the resulting mixture extracted with CH$Z!lz 

(3x50 ml); the organic phase was then reaumd “in vacua” and residue was chromatographed on silica gel with 

CH#& to afford pure u-carbomethoxy y+ctone. For reactions carried out in acetic acid, the reaction mixture 

was poured in water (100 ml), aud extracted with CH& The organic phase was then washed with a saturated 

N&K!03 solution (3x50 ml), then with water and finally died with Na2SOa. Removal of the solvent “in vacua” 

gave a residue which was chromatographed with CH2Cl2 on silica gel to afford pure a-carbomethoxy p 

lactones. 

Table l- Lactonization Reaction of Alkenes with Monomethyl Ester of Malonic Acid 

and Ceric Ammonium Nitrate 

pta&ct 
acetonilxik acetic acid 

Yiel&a(K) Yieldra (‘96) 

0 ))))BC ckb ))))I,” 

RerliolD 
time @I) 

l-octene 25 20 8 9 

I5 25 12 22 

34 32 20 23 

43 15 21 

58 

41 

84 55 65 

28 51 2 

Cycbhexm 

Qcboctene 

Mcthylene- 
cycbhewme 

1 

2 

3 

Stymna 

U-Methyl Styrae 

tllUMStibeUe 

10 

11 

73 81 _ 

15 52 38 50 

30 49 41 51 

2 

2 

12 2 

13 39 58 35 55 2 

a) A8 yields refus to isolated. pure products. 
b) - carried out at momtenpemtu~~ under snpk nmdu~~~ic~ stiring. 
c) Reactiofl callied out at 5-109: under ultm?ound ilmdiation. 
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