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[57] ABSTRACT 

The present invention provides antineoplastic u-mcthylenc-

y-butyrolactones represented by the general formula [I] 

wherein R, is a phenyl group optionally substituted with one 

or two groups selected from the group consisting of halide, 

(C5-C,)ntkyl, ((,,(,,)alkoxy, phenyl, nitro and amino;, R 

represents hydrogen, halide, (C5-.C.jalkyl or heazvl; X 

represents N; or wherein R, is a phenyl group optionally 

substituted with one or two groups selected from the group 

consisting of halide, (C5-C4)alkyl. (Cr-C..) alkoxy, nitro 

and amino; l(, represents (1, F, or bensyl; X represents CII. 

These ee-metbylene-y-butyrolactones may be administered 

with an inert diluent or with a pharmaceutically acceptable 

carrier in controlling the growth of a neoplasm in a patient 

afflicted with a neoplasm disease. 

4 CIaIIIIta, No Drawings 
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ANTINEOI’LASTIC a-METHYLIf NE-y-
IIUTYR0LACrONES 6. 

TECIINICAI. FlEt.l) ol lIlt; INVENTION 

’the present invention relates to the therapeutical appli-
t)o2c4 

cation of a-metlrylene-y-butyrolact.oae derivatives. oct,2- 

BACKGROUND OF THE INVENTION to 
).(Ra = 

HN 

a-methylene-y.hutyrolactone constitute an important 
N" 

group of natural products which possess wide-ranging bio- I 0 

logical activities, including antineoplastic, bactericidal, 
fungicidal, antibiotic antibiotic and anthelminthic properties to UI In] 
(Hoffmann Cl at., Angew. Chew. mt. Ed. Engl., 1985, 24, 
94). The present invention relates to the synthesis and 
measurement of novel antincoplastic ce.methylene.y-
butyrolactones to be used in cancer therapy. 

20 

A number of sesqroiterpenes hearing a-methylene-y- -cttp r) 0 

butyrolacloue functionality such as helenaliry, and clephart- 
loput have exhibited significant antitumor activities(Lee et 

R, 

al., J. Med. Chew., 1972, 15, (.09). It was soon characterized Intl 

that the structural requirement for the cytotoxicity is 25 

O=U-c=CH0 moiety which acts as an alkylating agent 
by a Michael-type reaction with biological cellular nucteo-
philes or selphyiltyl-coutaining enzymes, leading to the 
breakage of DNA/RNA or the inhibition of enzyme so 
uctivities(Kttpchaa et al., Science, 1970, 168, 376). Other o 
clinically useful alkylating drugs against human malignancy 1°/I 

are nitrogen mustards: uracil mustard, chloroanabncil and 
cyclophosphantide. Their utilization is, however, limited by For the formula [I], R, is a phenyl group optionally 
the poor selectivity and thur serious side effects such as Issue 35 

 substituted with one or two groups selected from the group 
marrow toxicity. The individual drugs also produce distinc- consisting of halide. (C -C.,) alkylA(’-C,)atkoxy, phenyl, 

live toxic effects on the intestine, kidneys, heart and other ellen and ammo; It0 represents hydrogen, halide, (C,-CZ 

organs. Therefore, efforts have been wade wordwide to alkyl or benzyt, X represents CH or N. 

discover more active and less toxic antineoplastic agents. 40 
For the Ibflnttla [II], R, is a methyl or a phenyl group 

Certain ca.methylene.y-butyrotactones had been prepared optionally substituted with one or two groups selected from 

and screened (Lee et al., J. Med. Chem., 1977, 20,911; the group consisting of halide, (Ca-C,) alkyl, (C.-C,) 

Heindel et al., J. Pharm. Sci., 1981, 70, 84; Sanyal et al., J. 
alkoxy, phenyl, nitro and amino. 

For the formula [tlt], Rr is n methyl or a phenyl group 
Med. Chem., 1986, 29. 595) . Recently, we described the 

45 
optionally substituted with one or two groups selected from 

synthesis and cyeotoxicity of certain oracil a-methylene-’ the group consisting of halide, (Ct-C..) alkyl, (Ca-C,) 
butyrolactanes and uncovered that an aryl sabstituent at alkoxy, phenyl, nitro and amino; R represents hydrogen, 
5 -position of the a-methylene-y.butyrolaetone ring halide, (C2-C4) alkyl, pheoyl, nitro or amino; R represents 
enhanced the antitumor potency (C/tin. P/uarm. J. 1991, 43, hydrogen, halide. (Cr_(...) alkyl, phenyl, nitro or amino; R5 
447; Kaohsiung J. Med. Sci., 1993, 9, 707). The present 50 

represents hydrogen, (C-C.jalkyl, (3-methytene-2-oxo-5-

invention describes the preparation of certain novel furanyl)methoxy, hydrrrxyl, or (C0.-C,)alkoxy. 

ee-mcthykae-y-butyaolactones as antineoplastic agents. All For the formula [IV], R, is a hydrogen; R6 represents 
compounds were evaluated in vitro against a total of 56 hydrogen, halide, ((.,-(’,)alkyl or (Cr_.C,)alkoxy; n repre-

human tumor cell lines derived from nine cancer types. seats (C5-CaIalkyl. 

s The present invention also provides a cost-efficient 

DETAILED DESCRIPTION OP THE method for the preparation of formula [I-M. 
INVENTION Formula [I-W] may be administered with an inert diluent 

or with a pharmaceutically acceptable carrier in controlling 

The present inventors have discovered four classes of the growth of a neoplasm to a patient afflicted with a 

novel compounds with excellent antineoplastic activity. An 60 neoplasm disease_ 

a result of intensive studies, it has been found that corn- This invention included the preparation and the antitumor 

pounds represented by the formula [I-IV] have shown not evaluation of novel ee-nretbylene-y-butyrotaetones which 

only potent but also selective in inhibiting cancer cells, have been proved to be active against the growth of leakc-
mci (CCRF-CEM, ilL-fill, MOLT-4, etc.), coton(COLO 

The present invention provides aotiaeoplustic 65 2(5, HCT-116, H’l’-29, etc.) cancer cell lines, etc. These 
n-methylene-y-bniyrolactones represented by the general active compounds, as free type or their pharmaceutically 
formula [I-IV]: acceptable salts, may he administered parenleratly or orally 
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in a suitable pharmaceutical form. They also may be admin-

istered along or in conjunction with other antitumor agents, 

in combination with any pharmaceutically acceptable car-

rier. 

As used barrio, the pharmaceutically acceptable salts 

include salts with inorganic acids, such as hydrochloride, 
hydrobronoide, sulfate and phosphate; those organic acids, 

such as acetate, maleate, turtarale, methauesutfonate; and 

those with amino acids, such as arginine, aspurtie acid and 
glutamic acid. Suitable pharmaceutical forms include sterile 
aqueous solutions or dispersions, sterile powders, tablets, 
troches, pills, capsules, and the like. In addition, the active 

compounds may be incorporated into sustained-release 
preparations and formulations. The pharmaceutically 
acceptable carrier includes any and all solvents, disintegrat-

ing agents, binders, cxcipieuls, lubricants, absorption delay-

ing agents and the like. Although the compound of the 
present invention may also be present as a hydrate or as a 
stereoisomer, it is a matter of course that these hydrates and 
stereoisorners am also included in the scope of the present 
invention. 

The new compounds can be prepared according to the 

following reaction schemes and protocols. 

PART A 

Preparation of 5-Aryt-3-methylene-2-oxo_5-
(pyrimidin-1-ylmethyl)-tctrahydrofuran 

t) 

1) 

(t 

°’ 

R,C1ab, 

if 

_JL.. 
R2ttN 

I (1i,CC(XtC5tl5 

-1, ttCI 

QIaCOR, 

Uracil or its derivative was either silylated with 
hexamelhyldisilazane(HMDS) and a catalytical amount of 
ehlorotrimethylsitane(TMSCI)followed by the alkylation or 
was directly alkylated with a commercially available aryl 
bromomcthyl ketonc(2-bromoaeetophenone, R,=C0H,; 
2-bromo-4’-lluoroacetophenone, R,=C0H0F; 2-bromo-4’-
ehloroacelophcnone. R,=C6H4CI; 2-bromo-4-
bromoaeetophenone, R1=C011413r; 2-bromo-4’-
iodoacetc,phenone, 8 (’,fl41; 2-bromo-4’-

methytacetophenone, R,=C5H,:CH3; 2-bromo-4’-
nitroacclopbcnonc, Rr=C0H,NO0; 2-bromo-4’-
methoxyacetophenone, R,=C61 I.,0C11,; 2-1,romo-4’-
phenylacetophenone, R =C6HaC0Ha) in the presence of 
potassium carbonate (K.,(’),) and N,N-dimethylformannicla 
(DM1’) to afford the 1-ketonyl pyrimidines. Reformatsky-
type reaction between ethyl 2-(hroinomethyl)aerylale and 
the respective 1-ketouyt pyrimidiaes under nitrogen atmo-
sphere produced the desired 5-nryl-3-mnthytene-2-oxo-5-

10 
(pyrimidin-1-ylmcthyl)-letrahydrofnrao in good yield. 

EXAMPLE 

5-(5-llromouracil- I -ylmethyt)-3-mnthylene-2-oxo-5-
p-phenyl-phcnyl)-tctrahydrofuran (1) 

flromouraeil(1.91 g, 10 mmol), potassium carbonate 
15 (1.38 g, 10 mmol) and dry NN-dimclhylformumide (DMF) 

(41) ml) were stirred at room temperature under nitrogen 
atmosphere for 30 mm. To this solution, 2-bromo-4’-
phenylacetophem,ne(2.75 g, It) mmol) in dry DMF(ll) ml) 
was added at one portion. The resulting solution was stirred 

20 at room temperature for 48 It (monitored by TLC) and then 
poured into ice water (50 ml). The resulting pale yellow 
solid was littered, washed with cold water(lO ml), and 
crystallized from methanol to afford I -p-
phenylphenaeylnraeit(la) (1.94 g, 63%). 

25 To the mixture of la(307 mg, 1 mmol), activated zinc 
powdcr(Aldrichfi 32,493-0,-100 mesh, 99.998%) (85 mg, 
1.3 mmol), and p-hydroquinoae(2 mg) in dry 
tetrahydrofuran(FIIF) (20 ml) was added dropwise a solu-
tion of ethyl 2-(bromomelhyi)acrylat4260 mg, 1.3 mmol) in 

30 dry Tl-IF(5 nil). ’rho reaction mixture was reflexed under 
nitrogen atmosphere for 4 It. After cooling it was poured into 
an ice-cold 5% HCI solution (100 ml) and extracted with 
diehloromethann(50 rnla3). The diehloromethane extracts 
were combined and washed with saline, dried over anhy-
drous magnesium sulfate, and then evaporated 10 give 

35 
white solid which was crystallized from ethyl acetate. The 
white crystal was died in vaccuo at 80° C. over PM, 
afforded the title compound in a quantitative yield. 

mp 238-241° C.; yield 69%; 
UV X max: 257.2(0.1 N llCt/Cll,OH), 257.0(C1130I1), 

40 254.2(0.1 N NaOH/CH,OH); 
’11-NMR(DMS04): 83.40 (m, 211,4-Cl-I0), 4.26 & 4.31 

(25,21-I, N0I0), 5.73 (r, ill, vinylic [I), 6.04 (1, 111, vinylic 
II), 7.57 (m, 911,Ar�H), 7.89 (s, li-I, 6-Cl), 11.79 (his, Ill, 
NH); 

45 Anal, for C00ll,,N0O4IIr: Caled.: C, 58.29; if, 3.78; N, 
6.18. Found: C, 58.43; if, 3.50; N. 6.01. 

EXAMPLE 2 

3-Mcthylenc-2-oxo-5-(p-phcrtylplacoyl)-5-(thymin-
50 1 _ylmethyl)_tetrahydrofuran (2) 

The title compound was synthesized from thymine and 
2-hromo-4-phenylueetophenone according to the proce-
dures described above for the preparation of 1: 

nip 217-219° C.; yield 93%; 
55 8 1.71 (d, 311, (110), 3.40 (m, 211, 

4-CI L), 4.10 & 4.34 (d, 211, NCH0), 5.70 (I, 11, vinylic I-I), 
6.01 (t, ill. vinylic 11), 7.29 (d, Il-I. 6-Cl). 737 (m, 911, 
Ar-11), 11.29 (brs, 111, Nil); 

Anal. for C,,H00N..04: Calcd.: C, 71.12; H, 5.19; N, 7.21. 
60 Found: C, 71.31; H, 5.28; N, 7.26. 

EXAMPLE 3 

5-(p-Chtorophenyl)-3-methytene-2-oxo-5-(thymiu-1-
ylmethyl).tetrahydrofuran (3) 

65 Compound 3 was prepared from Ihyminc and 2-bromo-
4’-ehloroocetophcnone according to the procedure given for 

5,962,46() 
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nip 188-189’ C.; yield 78%; -continued 
Ca 

DV k max: 269.0(0.1 N UCl/CI [,Of 1), 269.0 (Cl 1,011), 6 

272.0(0.1 N NaOHJCH,01I). \\, 
’H-PR(CDCl0): 8 1.90 (d, 311, 0), 3.32 (m, 2H, ° 

4-Cl 10), 3.78 & 4.46 (d, 211, MCI-I0), 5.63 (1, 111, vinylic Il), 0 R. 
6.18(1, III. vinylic II), 7.08 (d, Ill. 6-CI 1), 7.35 (m, 411, Vil- 
Ar--I-I), 8.95 (br s, 111, NI-I); ttt 

Anal, for C,0H,,N000C1: Cated.: C, 58.88; It, 4.36; N, 
8.08. Found: C, 58.73; 11. 4.57; N, 8.39. 

PART B 

Preparation of 4-f(2,3,4,5-tcEahydro-3-methylcne-2-
oxo-5-furanyt)-melhoxy]-2H-t-benzopyran-2-ones 

[II) and 

7-{(2,3,4,5-tetrahydro-3-methylene-2-e)xo-5-furanyl) 
methoxy]_211-l.hen’,.oyyrau-2-ortes [Ill] 

Oil 0 

o? 

cC0L0 

Each of the commercially available 4-hydroxycoumario, 
05 7-hydroxycoomarin(l(0R0=R5=1I). 7-hydroxy-4-

melhylcoumarin(R.,=C113), 3-chloro-7-hydroxy-4-
methytcoamarin(R,CI, R4=CH0), and 7-hydroxy-3.0-
trimcthylcoumarin (R3=’R0=R,=CH3) was treated with 
potassium carbonate and a haloketone (chlaroacetone, 

20 R,=CI-l3; 2bromoacetophenone, R,=CoIls; 2-bromo-4’-
fluoroacetophenone, R,=C511,1‘; 2-hromo-4-
chloroacelophenone, RaCull,(,’l; 2-bromo-4’-
bromoacctophcnoue, R1=C6Il4ltr; 2-bromo-4’-
iodoacetopbenonc, R3’C6H0I; 2-bromo-4’-

25 methylaeetophenane. R,=C0II4121›13; 2-bromo-4’-
uitroacelophenoae, R1=C6114N0.,; 2-bromo-4’-
melboxyacclophettnnc, R0=C511,,OCI l; 2-bromo-4’-
phenylaealophnnone, R5=C5H5C,H5) in acetone to provide 

(2-oxo-2-phenyl elhoxy)-21HI-1-benzopyraa-2-onc which 
30 was reacted with ethyl 2-(bromomethyt)acrytate in 

tetruhydrofuran(I1IF) (Reformatsky reaction) to produce 
4_[(2,3,4,5-tetrnhydro-3-methylene-2-ono-5-furanyt) 
metboxy3-211-I-benzopyran-2-oncs and 7.[(2,3,4,5-
tctrnhydro-3-mcthylnne-2-oxo-5-furanyl)-mctboxy]-2l1-t-

30 benzopyran-2-ones as shown in Scheme 2. 

EXAMPLE 4 

4-[(2,3,4,5-Tetrahydro-3-mcthytene-2-oxo-5-ptienyl-
5-furanyl)methoxy]-2II-1-benzopyran-2-one (4) 

To a solution of 4-hydroxycouinario(I.62 g, 10 mmol) in 
acelone(60 ml) were added 2-bromoaectophenone(1.99 g, 
10 mmol) and potassium carbonate (5.53 g, 40 mmol) . The 
mixture was reltuxed for 3 It. (monitored by ’11,C). Evapo-

ration of the solvent gave a residue which was poured into 
ice water(50 ml). The resulting solid was collected and 
crystallized from ethyl acetate to afford 4-(2-oxo-2-
phenylethoxy)-2H-1-benzopyran-2-oae(4a) (1.76 g, 62,91A) 
as a needle crystal. mp: 183-184° C. 

50 
To a solution of 4a(0.84 g, 3 mmol) in dry tetrahydrofarau 

(60 ml) were added activated zinc powder (0.255 g, 3.9 
mmol), hydroquinone(6 mg), and ethyl 2-(hromomelhyl) 
aerylale(0.78 g, 4 mmol). The mixture was refined under 
nitrogen atmosphere for 8 Ii. (monitored try TLC). Afterso cooling it was poured into an ice-cold 5% 110 solution (300 
ml) and extracted with Cl4,Cl0(75 mlx3). The dichlo-

romethane extracts were combined and washed with saline, 
dried over Na0SO0, and then evaporated to give a residual 

- solid which was crystallized from ethyl acetate to afford the 

title compound(0.90 g, 86,4%). 

mp: 212_214a C.; 

IR(XIlr) V max: 1766, 1717, 16211; 

UV(CIICI0) I, max(log e): 306 (3.89), 277 (4.10)7 266 

us (4.14); 

111-NMR (CI)Cl,): 8 3.33-3.66 (m. 211, 4-C110), 
4.26-4.32 (in, 213, OCH,J, 5.60 (s, 111, 3-1), 579 (I, 11, 

S 
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vinylic H), 6.42 (t, IH, vinylic 11), 7.20-7.61 (as, 911, 
5.6,7,8-11. and aromatic U); 

Anal. for CH:sOC 0.2511,0: Calctl.: C, 71.45, H, 4.71. 
Found C, 71.37, I-I, 4.67. 

EXAMPLE 5 

7-[(2,3,4,5-Tetrahydeo-5-mcthyl-3-mcthylene-2-oxo-
5-fraranyl)methoxy].2hl-1-1,etszopyran-2-otie (5) 

10 Compound 5 was prepared from 7-hydroxycoumarin and 
chloroacetone according to the procedure given for 4; yield: 
79.7%; 

mp: 123.-.124 C.; is 
IR(CBr) V max: 1755, 1727, 1626; 

IJV(CIICI5) ? ruax(Iog e): 312 (4,18), 243 (3.58); 
iH.NMR(CDCl): 6 1.58 (s, 311, 5_Cll), 2.79-3.18 (as, 

211, 4-CH-J, 3.99-4.09 (m, 211, 0C110). 5.69 (1, 111, vinylic 20 

11), 6.26 (6, 111,3-11), 6.29 (t, Ill. vinylic It), 6.76-7.65 (m, 
411, Ar-11); 

Anal. forC511Os: Calcd.: C, 67.13; 11,4.93. Found; C, 
66.95; 11, 5.10. 

25 

EXAMPLE 6 

7{(2,3,4,5-Tetrahydro.3-melhylene-2-oxo-5-phenyl-
5-firranyl)methoxy]-2H-1-beuzcpyran-2-one (6) 

S 
PART C 

Preparation of 3-Mcthylene-2.oxo-5-(p-N-
phthalimidopropoxyphenyl)-tetrahydrofuran 

3) 

0 

iHO 

c 

Ito 
I o 

q 

Ctit) 

001 
’lop oj 

N(Qij)50 

R6 

0 

Compound 6 was prepared from 7-hydroxycoutnarin and 
2-bromoacelophenouc according to the procedure given for 
4: yield: 775%; 4-Hydrosybenzldehyde (4-hydroxy-3-

asp: 105-106 C.; 35 mnthoxybenzaldehyde, R5=0CIl.,) was treated with 

IR(Kflr) V max: 1758, 1719. 1616; sodium ethoxide and then alkylateel with N-(3-bromopropyl) 
phthalimide to give pN-pttthalimidopropoxybenzaldehydc 

UV(CHCI3) 
) 

max(Iog e): 321 (4.22), 243 (3.62); which was reacted with ethyl 2.(bromomethyl)scrylate in 
aH.NMR((’DCI5): 8 3.24-3.66 (m, 211, 4ClI2), TIIF to produce 3-methytnne-2-oxo-5-(p-N-

4.17-4 (m, 281, OCH0), 5.71 (t, 1H, vinylic H), 6.24 (ii, .24 40 phtbalimidopropoxyphenyl-tetrahydrofuran. 

111, 3-H), 6.31 (t, Ill, vinylic H), 6.72 (d, 111, B�Il), 6.78 
EXAMPLE 8 

(dd. 111, 6-11), 7.35 (cI, 1H, 5-11), 7.40-7.52 (as, 5H, Ar�H), 
7-62 (d, 11-1, 4-11); 3-Melhylene-2.oxo-5-(p-N-

Anal, for COCEIOaOS CaRd.: C, 72.41, It, 4.63. Foand C, 45  
phthalimidopropoxypbeny1)-telrahydroferan (8) 

72.30; It, 4.67. To a solution of 4-hydroxybenzaldehyde(3.18 g, 25 
mmol) in ethanol (20 ml) were added sodinn ethoxide (0.58 

EXAMPLE 7 g sodium in 30ml ethanol) and N-(3-bromopropyl) 
phthalimide(6.70 g. 25 mmol). The mixture was refiuxed for 

3-Chloro-7-[(2,3,4,5-letrahydm-3-melhytene.2-oxo- so 5 6. (monitored by Tl.C). The solvent was evaporated to 
5-phnnyl-5-furanyl) nsethoxy]4-methyt-211-1 - give a residue which was disolved in CHCI0(150 ml), 

benzopyran-2-one (7) washed with 5% aqueous NaOlt (80 ml) and water(813 ml). 
Evaporation of the solvent provided a residual solid which 

Compound 7 was prepared from 3-chloro-7-liydroxy-4- was crystallized from ethyl acetate to afford p-N-
methylcoumarin and 2-bromoaeelophenone according to the ss phthalimidopropoxybenz aldehyde ($a) (4.57 g, 59 %) as a 
procedure given for 4, yield: 71%; needle crystal. 

mp; 149-150 C.; To a solution of 8a(0.93 g, 3 mmol) in dry teirahydrofurno 

IR(Klir) V max: 1762, 1724. 1618; 
(613 ml) were added activated zinc powder(0.255 g, 3.9 
mmol), hydroquinone (6 mg), and ethyl 2-(bromomethyl) 

UV(((’14C15) ? max(log e): 328 (4.25), 244 (3.69); 60 acrylatu (0.7$ g, 4 mmol). The mixture was refined under 

1E1..NMR(CDCI5): S 2.52(s, 311, CH,), 3.24-3.68(m, 211, 
nitrogen atmosphere for 30 h.(ntonitofed by TI-Q. After 

4-C1t0), 4.18-4.25 (at, 21*, OCtI,), 5.71 (t, ill, vtnyhc H), 
cooling it was poured into as ice-cold 5% HCI solutioit(300 
ml) and extracted with CHCI, (150 mlx2).The eatractswere 

6.31 (t, Ill, vinylic H), 6.73(d, In, tI-Il), 6.114 (dd, 111, 6-11), combined and washed with saline, dried over Na,SOz, and 
7.38-7.52 (m, 611, 5-li and Ar-41); 

65 then evaporated to give a residual solid which was crystal-
Anal. for CrolleaClOr: CaRd.: C, 66.59, II, 4.32. Found: lized from methanol to afford the title compound (0.97 g, 

C, 66.23; II, 4.41. 85%). 

5,962,46(1 
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l-1-NMR(CDCI,): 8 2.19 (m. 211, CH,) 2.89-3.34 (as, 4. A synthetic processes for preparing compounds of 
211, 4-01..), 3.91 (k, 211, NC1I0), 4.03 (t, 21$, OCIL), 545 claim 1, comprising; silylating aracil or its derivative of 

[V] with hex ire thyldisdazane (HMDS) and 
180di770 (rn4H ph nyl 7.70-7.86 (as 4H Ar�H) 

amount of ebb otrirnethyt I c (l’MS( I) f I Anal for C H aNO Cuteel C 7002 It 5.07, N  3.71.catalytical 

Inuad C, 6997, 11, 51)7, N. 353 towed by utkylution or, in the alternative, alkylatirig said 
In Vitro antitumor assay aracil or its derivative directly with aryl bromomethyl 

All compounds were evaluated in vitro against 55 human ketoiie RICOC1I2Br in the presence of potassium carbonate 
tumor cell lines derived from nine cancer cell types (}C2(()3) and DMI (N.N-dimethyl-formamide) to afford the 
(leukemia, non-small cell lung cancer, colon cancer, CNS 
cancer, melanoma, ovarian cancer, renal cancer, prostate to I .ketonyt pyrimidines of formula [VII; performing 

cancer and breast cancer). For each compound, dose- Reformaisky-type reaction between ethyt-2-)romoiuierhyl) 

response curves for each cell line were measured with five acrylate and the respective 1-keionyl pyrimidanes under 
different drug 000eutratioos, and the concentration causing nitrogen atmosphere to produce the desired 5-aryl-3-
50% cell growth inhibition(Gtse), total cell growth methytese.2-oxo-5-(,yrimidin-1-ylmeihyl)-tntrahydrofuraa 
iahibitioa(’l’GI, 004, growth) and 511% cell death(LC50, 5% 15 of formula [VII], wherein R, is a phenyl group optionally 
growth) compared with the control was calculated. The 050 substituted with one or two groups selected from the group 
values of tested compounds are given as Table 1. All of them 
proved to be active against the growth of leukemi.a(CCRF- consisting of halide, (C1-C.,) alkyl, (C1 -C,) alkoxy, nitro 

diM, ilL-fit), Mol;l4, etc.), colon (COt,0 205, 1lC’ll16, and amino; R0 represented (.1, Foe heazyl; X represents Cl-I. 
(11-29, etc.) cancer cell lines, etc. 20 

’The 1og,t31 log0TG1 and log0LC50 are expressed in IV] 
the form of mean graphs, however, only the mean graph 
midpoint values of log0GI, log0TClI and log0LC50 are 
listed in Table 2. it5 

We claim; tIN 

1. A compound represented by the formula: 

in 

25 

ti 

lvii 

30 0 

tIN 

x 

0 N 

FtN 
35 

C = 

N 
lr] 

I 0 

Ci4a 40 _JL,.._1,ea 
Formula [IL wherein 1k,, is a phenyl group optionally 

substituted with one or two groups selected from the C) 
group consisting of halide, (C5-C)alkyl, (Ct-C,) 
alkoxy, nitro and amino; 1k., represented Cl, F or 45Cur 

benzyl; X represents CH -
2. A pharmaceutical composition for the treatment of 

leukemia cancer diseases comprises any compound of claim 
$ or their salts is combination with any pharmaceutically, 
acceptable carrier. so 

3.A method of treating leukemia cancerous cell growth in 
an animal, comprising administrating any compounds of 
claim I or their pharmaceutically acceptable saIls in an 
amount effective to inhibit DNA or EllA replication in 
tumor cells. canes 
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kynthesis and Biological Activity of u-Methylene’-butyrolactoiies 

By H. M. R. Hoffmann* and Jiirgeii Rube 

Dedicated to Dr. Wilhelm A. Schafer on the occasion of his 70th birthday 

co-Metbylerse-y-butyrolactones [dihydro-3-niethylene-2(3R)furanonesJ constitute an impor-
tant group of natural products and possess wide-ranging biological activities. Progress in -" 
the synthesis of the heterocycle and the classification of the synthetic methods are not only 
of practical interest, but also fundamentally important as a current example for the con-
struction of an unusual 1,44uflctinnality distance and an ft-substituted acrylic ester moiety 
which is susceptible to nucleophilic attack. 

1. Introduction 

The a-methylene-y-butyrolactone ring is an integral 
building block of many natural products, especially the 
seaquiterpene lactones, which exhibit interesting biological / 
properties. Its a bookt"t published in 1973, ca. 200 repre-
sentatives of this class of compounds together with their 
H-NMR spectra and other physical data were listed; 6 

years later there were already Ca. 9001’W. Since then the 
number of these compounds has risen further; a Chemical 
Abstracts Online Search with projection shows that at 
present at least 2000-3000 ct-methylene.y-butyrolactones, 
mainly of the sesquiteepene type, are known. Since the cur-
rent number of structurally elucidated natural products 
has been estimated to be Only between 25000 and 3000000, 
u-methylenelactones represent (with approx. 1034) a major 
class of known natural productm ct-Methylcne-y-butyrolac-
tones have been dealt with in a series of articles4, which 
quickly appeared following the first review by Grieco"’ in 
1975. After a description of the biological activities it is 
our purpose to present the various conceptions for the syn-
thesis of the heterocycle and to describe recently dcvl-
oped syntheses. 

2, BiosynthesIs 

The biosynthesis of the sesquiterpessoid a-methylene-y-
butyrolactones it fairly simpletsa. The compounds are do-
rived from rrans,trans.farneayi pyrophosphate, which first 
cycJizes to give the strained cyclodecadiene skeleton of 
germacradiene (or germacrwriene) and then reacts further 
intramolecularly to form a perhydroazsslene system (e.g., 
guaiane and pseudoguaiane) or a decalin system (e.g., ess-
desniane). The sequence of oxidation steps is less well un-
derstood. in accord with Scheme 1, the lactone moiety, 
which is indicated by the suffix "olide", is cm- or trans-
fused to a six-, seven, or ten-membered ring. Further rear-
rangements and oxidative modifications give rise to the 
structural diversity of these compounds. 

14s.ny plants which belong to the large, species-rich fam-
ily of the Consposirae1’° (composites) contain sesquiterpene 

Ii toot H. St It. UotTh,osn, Dr.J. Babe 
Isstitol Al, Oreasisebs Chests tsr UstvtniOt 
Sct,nsidnb,r5 15, 0-3000 Hososew (FRG) 

lactones as characteristic constituents. These compounds 
are colorless, lipophilic, often bitter-tatting, and are 
mainly present in the leaf tissue, where they can constitute 
up to 5% of the dry weight The closer two species are re-
lated to each other, the smaller is the difference between 
the distribution of these terpcnes. Its addition to morpho-
logy, i.e., the comparison of external plant form, chemo. 
taxonomy, in which secondary plant metabolites are iden-
tified and compared has established itself as a Method for 
the botanical classification of plants and for the clarifica-
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tion of evolutionary problems (sesquiterpene lactones as 
chemotaxonomic msrkeraYbot. 

3. Important Biological Activities 

a-Methylene sesquiterpene lactones show cytotoxic, an-
titunsoral, and bactericidal properties. Other representa-
tives cause an allergenic contact dermatitis or affect plants 
by inhibition of growth. There are already several studies 
on the relationship between biological activity and struc-
ture". As has been shown, cs-metlsylcne-y.butyrolac- / 
tones must be looked upon as alkylating agents which are 
biologically active because they undergo a Michael reac-
tion with biological nueieophites such as L-cysteine or 
thiot-containing enzymes (Enz-SH). 

cEnz�SH �b 

S�Enz 

00 

It is probable that these lactones inhibit the incorpora-
tion of selected amino acids into proteins, i.e., they inhibit 
the metabolism at the cellular level, but do not alkylate 
DNA ’° 

Presumably, the residual molecule and its tipophilicity 
also determine the specificity and the site of the activity. 

3.1. AM 75- NF 

A large number of active sesquiterpene lactones, includ-
ing vernolepinttt", aeomaticint1tt, and clephantopin’, 
have been isolated from plant extracts which show tumor-
inhibiting activitytt0"7’ (Scheme 2). 

Hi- 00 401 

Solntro 2. Cr5,,, taft to right, vtssoltpio. oro,satisia, etspttosop1 

It has been shown that almost all known cytotoxic sea-
quiterpene lactones possess an a.,l-unsatinated lactone 
strsscts’re, and that the conjugated double bond must be 
exocyclic. A cyclopentenone or an additional a-methylene 
lactone moiety enhances the cyiosoxics activity; hydrxy 
groups can also cause an enhancement. The high cytotox-
laity of the seaquiterpene lactones is probably due to the 
inhibition of DNA synthesis and/er transcriptioallH. How-
ever, protein synthesis, also, is partially impaired" ’°’. It 
should be mentioned, however, that at present there is no 
sesquiterpene cytostatic which is used clinically, appar-
ently because of the relatively high toxicity of the com-
pounds. Attempts to increase the activity by chemical 
modification have, so far, been unsuccessful. 

3.2. Allergenic Activity 

Many people suffer from an allergic contact dermatitis 
(ACD) which is caused by contact with plants or their 

As0e,,. O,00,. tar Ed E.I. 24 (5985) 94-190 

chemical constituents". Sesquiterpene lactones, which are 
sometimes present in the pollen, can cause this allergic 
contact dermatitis�evert when carried by the wind. The 
presence of an ct-tnethylene butyrolactone moiety is a suf-
ficient requirement for the allergenic activity. For example, 
parthenin, present in Parthenitens hysterophoeos, is a pri-
mary allergen of this wide-spread and unusually aggressive 
pioneer plant. The allergy thus caused represents a serious 
dermatological problem in India and her neighboring 
countries 

HO g 

Setse,sv 3. LetS: Ps,thsnia; debt: cossssolida. 

Perfume oils extracted from the costus root (Sau.r.nu-ea 
lappa" or from the laurel (Lavrsts nobilis)en, cultivated 
since antiquity, can also cause a dermatitis due to the ger-
macranolide coatunotide present In both mixtures. in order 
to obtain a perfume free from allergen, one passes the raw 
oil through a column containing a nucleophile on a solid 
support, e.g. -amlnoethyl-polystyrene. Thus, the allergen 
is bound to the nucleophilett55t. Finally, even simple 
acrylic esters, such as those used in the printing trade and 
in other industries, can cause occupational dermatitis"’, 
With respect to the pathogenesis of ACD, it is assumed 
that the a-methylene lactone becomes bonded to a skin 
protein via a Michael reaction, thus forming an antigen 
which causes the sensitization of the lymphocytestsotnt. In 
view of the widespread occurrence of ACt), further re-
search efforts can be expected in this area. 

3.3. Plsyt000xlc and Antimicrobial Activities 

In addition to the cytotoxic and allergenic activities de-
scribed, phytotoxic activities are shown by a number of 
sesquiterpene lactonest0’11. Thus, heliangin, a gersnacrarsoi-
ide of the tuberous sunflower 

(He//anther: 

tsberossus 
L, 

also called topinambur or Jerusalem artichoke), and vet-
nolepin, from Yernonia hymenolepsis, cause plant growth 
inhibition231. Xantisatin is also used in the regulation of 
plant growels°’ (Scheme 4). 

H114 -r6lyl-o 

Sdsnas 4. Loft: betiasgi,,; right snthotis. 

According to HageP4°°1, at-methylene  sesquiterpene 
factories can attack an SF1-group of the auxin-receptor 
complex; upon binding of the growth hormone auxin to its 
protein receptor the SH-group is set free. As a result of this 
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- sulfur bond, the lactone effects the irreversible inhibition 
of plant growth. The u-methylenc factories present in the 
common sunflower (Hebanrhus annuss L) appear to be 
stress metabolites, Le. they are formed, e.g., during attack 
by pests, during periods of dryness or overexposure to sun-
light and heat, and probably act mainly as chemical de-
fenses against pests, especially microorganisma". This 
fascinating plant, originating in the USA and Mexico, is 
mainly cultivated at present in the USSR and in Eastern 
Europe. It is, after the soybean, the second most important 
oil -producing plant in the world (annual world production 
in 1982 more than 16 million metric tons of sunflower 
seeds)0"5. 

Other u-methylene-y.butyrolactonea show bactericidal, ’ 

fungicidal, and antbehninthic activitiesttx. Helenalin°"-t 
and eremanehiut are shown here as representatives of 
such compounds (Scheme 5). 

fT 

Sthume 5. t.eft: haunts; fight: newusthie. 

Recently, Fkman at al, were able to show that sesquiter-
pene factories such as parthenin and alaneolactone, which 
are present in the sunflower, also play a rote in the defense 
of plants against insects’ and even against herbivorous 
mammsls"5. Similarly, euponin, which has been isolated 
from the leaves of Eupatonumjaponicum, inhibits the de-
velopment of the fruit fly (Drosophila melanogaster) at the 
egg stage and thus protects the plant from insect attack"’1 
(Scheme 6), 

çizirt.o  

Scheme 6. taft ientot.etone; right! e,.posts. 

Not only highly functionalized, complex sesquiterpene 
lactones but also simple representatives have been studied 
for their biological activity. Several years ago, two cons- / 
pounds with fungicidal pwparI16 were isolated fmlp / 
buftiiiiii wntirsedliw TUlIphils Ala the sllnt 
thlens-y-bwtyr*csoae Past Mc,,j, ac.L*aB 
Name: diydr4 thylC$e-*M)flwasioutc). ThI 44y. 
droxy derivative. i,e.tttiip1in B, is present in nature as the 
(S)-cnarseiomcr (Scheme 7). It appcam certain that st-me-
thylene-?-butyrolactones, Ibe to their high and selective 
antibiotic activities, afford important protection to plants, 
In the course of evolution, this fact, together with the Out-

standing adaptive and reproductive capabilities of the 
Conspositae, has contributed to a selective advantage in the 
survival of this plant family and also to its broad distribu-
tion over all continents with the exception of Antarctica. 
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In the future, the study of analoguest’ will become in-
creasingly important. The steroidal spiro-cs_mrthylene lac-
tones"’, which are not found in nature, possess tumor-in-
hibiting activity (see also ClOseS), 

11 

0PC_ H OH 

Thus, a-methylene-y-butyrolactones can serve as a 
model in the search for biological activity. The structurally 
related five-membered-ring u-methylene ketones pleuro-
tellol and picurotellic acid have been found in fungi and 
show antibiotic activity (Scheme 8). 

111 
Scheme 5. RcH,014, ptomulesot; R..CO,t6. pleorotelliate ocki 

Comparatively simpis rqsreseaeativea of this type are 
the cydopentanold anthumor agents called pentenosnycissi 
and sssethylenoewjcino, e.g,, arkotayan, methyieisosuycin 
A. and xanthocidin°  (Scheme 9). 

o 0 \ 
H 

oil CO211 P00211 

SchemeS. F,sm let to right: sarhoesycie, .sethytoeoa,ycto A. susthoddie. 

In view of the similarity of the ester group to the 
P(OXOR)2 group as it-acceptor (compare also the Homer-
Wittig reaction), a corresponding modification of the lao-
tone is of interest. As Rene.rra at al.1321 were able to demon-
strate, the biological activity changes: cyclic phosphonates 
(Scheme 10) show no allergenic activity and only a very 
tow cytotoxicity. 

r-( 
Scheme 15. 2-Mtehooy’3-moIhyles-2-000.1,V’.00syhosphotune. 

Because of their broad range of biological activities and 
their interesting atnoeSural features, m-snetbylene-y-butyro-
lactones present a scientific challenge ,tneh is reflected in 
an increasing number of investigations and syntheses of 
these heterocycles. 

.4atm.’. CS.,,.. to!. Ed. E,gI. 24 (1575) 94-FIG 

4. Syntheses of eMethylease.1.batyr0I8ct0neS 

Two main problems dominate the synthesis of these lac-
tones: 

Tue construction of the unusual 1,44unctionality dis-
tance in the acrylic precursor of the heterocycle. This 
fundamental synthetic problem, which also appears in 
the synthesis of simpler rive-membered heterocycles 
such as the furnna, pyrroles, and thiophenas as wolf as 
their saturated derivatives, can be solved, among other 

methods, by "umpolung’lSSt, e.g., the combination 
a’+ d’, where the d2 component is frequently an coo-
late and she a2 component an epoxide (umpolung). The 
combination a I + d3 is also feasible: in an efficient syn-
thesis the d’ building block (nmpohsng) is also an 
a’d’d" component (cf. Section 4.3). 

C seo.;
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 2. The construction of the nucleophile-sensitive st-acrylic 
ester moiety. 

The presence of additional oxygen-containing function-
ality and the stereochemistry of the residual casbocyclic 
portion of the molecule increase the appeal of the natural-
ly-occurring aesquiteepene factories as a synthetic goal. 
However, the total syntheses of these complex compounds 
and the elegant work already carried out have recently 
been described comprehensively ins book by lieathcodc at 
a0°’5 and will remain largely neglected here. Instead, we 
will concentrate on the methods of synthesis of the simple, 
key five-membered-ring. Insofar as meaningful, we will 
use the retrosynthetic approach both for the classification 
and the mechanistic interpretation of the large number of 
synthetic methods. Thus, the organization of the article is 
predetermined (cr. Scheme 11). 

1’45?Zo 
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Sches,, it. 

If the molecule is dissected as outlined in Sections 
4.1-4.4, the educi can be regarded as a fussctiossalizcd 
acrylic ester. 

,4e9ew. C7,o,,. Is!. Ed. LAg!. 24(7985)94-710 

The direct u-ftsnctionailzation of acrylic compounds via 
the u-anion is only of limited use disc to the pronounced 
tendency of acrylic esters to polymerize under basic condi-
tions’. For this reason, the detour via masked acrylic es-
ters is often chosen, since these are generally easier to 
fusictionalize. 

� 
CO,,Me CO,Me CO274e 

The problem of polymerization of a-acrylic esters can be 
circumvented in different ways. On the one hand, the reac-
tivity of the carbonyl group can be masked by conversion 
of the ester group or the aldehyde group into an ortho es-
ter or an acetal, respectively. 

\ �+\ 
CHO CstlOith 

On the other (sand, it is possible to mask the CC double 
bond, e.g., by adding groups in the ts- and 0-positions that 
are capable of undergoing elimination (Scheme 12). Mask-
ing is also possible by reversible cydnaddision (see Section 
4.8) 

/ 
COOR 

CO,R CO,,tt 

Schema 12. X.’groop,,cupobtsofelimimtio,,. 

4.1 Cyclization of 4-Hydroxy2-ssethylemebutanole Acids 

Dissection: 

This dissection reduces the synthesis to the preparation 
of a homoallyl alcohol, the methylene group of which must 
also be part of an acrylic acid or a masked acrylic acid. 

Marino at al,si.St used the diethyl natal of acrolein as 
acrylic acid equivalent and allowed Is to react as the 
cuprate (d2 building block) with epoxides (t2 building 
block) (Scheme 13). The two isomeric alcohols formed 
contain the desired 1,4-functionality, distance or vinylo-
gous 1,4-distance and can be cyclized to frame- and cis-
fused st-methylenc lactonea In and lb, respectively, fol-
lowing oxidation to their respective acids. Ass d2 compo-
nent for the reaction with epoxides, dimethyl sodiomalon-
ate has been used, also; subsequent decarboxylative me-
thylensetion (cf. Section 4.7) gives the a-methylene tat-
tonet’°’t. 
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C.Et,; 

After masking of the double bond, acrylic compounds 
can also be functionalized. This can be accomplished by 
introducing a phenylseleno group via the dianlon of 2-phe-
nylselenopropionic acid according to Petregnani and Fe,-
>t57t or of a trimethylsilyl group according to blenwsg et 
al,135t (Scheme 14). After cyclization, both groups can be 
eliminated with regeneration of the double bond. Howev-
er, in the case of the silicon compound a bromination is 
necessary; the selenide, which only needs to be oxidized to 
the selenoxide, Is especially useful, because intramolecular 
elimination is spontaneous. In both reactions the trans-lac-
tone 2 is formed, 

O + 1Co (_.._O. tX SeP11 
0 2 

SeP11 
alat d5 

+ 
("æ.0 2 

ma 70% 

s’a2 d’ 
Me3SI 

Scheme 14. (s) 1)2 UShimo diiapropTismidc i1L)A), I) C. ibm, ,efluo. 2) 
TosOH toloror, roliso. (b) WA. ThF -75’C, 2) Br,, C(I,, -75’C, 3) 
(I’bCH,)Mo,NF°, 

Benezra ci aE°" used an n-pbenylthiopropionlc ester as 
a d’ acrylic acid in the synthesis of j.bydeasxy-a-ac*h.t.. 
nelactones <Scheme 15). Similarly to the selenide group, 
the sulfide group can be removed after oxidation to the 
sulfoxide. However, unlike the aelenoxide, the sulfoxide 
requires heating for elimination to occur. 
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Soliosro I). (o) IDA. .-75’C(or4-.bili), (b)) 5,(OH),, 2) 7t’. (otQl. (4) A, 
toIU,o. 
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Homologues of rr.-phenylaelenopropionic esters can gen-
erally be used in the synthesis of u-xtrylidene.i-butyrolac-
tones alsolse, 

The allylsilane 3 was employed by Itoh et al.1’70 as a 
masked d2 acrylic acid and was allowed to react with an 
epoxide (a2a’) to give the fusictionalized bomoallylic alco-
hol (Scheme 16). Reaction with PhSeCl and subsequently 
with H502 (desilylating oxidation via the atlyl selenide and 
oxidative rearrangement) gave the ally] alcohol 4, which 
was oxidized with MnO, to give selectively the aJ-unsatu-
rated aldehyde. As also occurs in other examples (see be-
low), the second hydroxyl function is not attacked by 
MnO,: the aldehyde cyclizes to give she lactol, which is 
further oxidized in situ to the lactone, The starting material 
for the Orignard reagent 3 is 2-bromo-3-(trimethylsi-
lyl)propene 21, which was also used by Tro.rr et al.t, al-
though in a different way, in the synthesis of n-methylene 
lactones (see Section 4.6). 
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Functionalized allylsilanes appear as intermediates in 
the syntheses described by Fujita ci sl,ISui and Sakurai ci 
a"42’t also, The key step in FstJita’s (Scheme 17) work is   de-
silylating oxidation of an allylsilane to give an 0-unsatu-
rated aldehyde. This was achieved ins novel way, using io-
dosylbenzene, which was activated by coordination with a 
Lewis acid. In contrast to the oxidation of an allylsilane 
with

 ni-chloroperbenzoic acid, which proceeds with ally1 
inversion (intermediate formation of the epoxide), the for-
mation of 4 and 4a proceeds with allyl retention. in the 
case of oxidation giving 4 and 49, an 5E2’ attack on the 
electron-rich allylsilane is followed by an intramolecular 
3,2-shift. Seiairtzi Ct al,"I allowed the trimethylsilyl ester S 
to react with an scetal and obtained by dealkylation the lx’ 
,neehylene-butyrolactone (Scheme 17). 
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The combined homoallylic alcohol-allylic alcohol such 
at 4, formed in the reaction sequence of Itoh"°t  (Scheme 
16), is an Intermediate in many other synthetic routes since 
the selective oxidation with Mn02 yields a cyclizable com-
pound and therefore offers convenient access to the de-
sired lactopes. Thus, in the work of P)nnick ci al.I’98 
(Scheme 18) the protected isopulegol 6b is converted into 
the epoxide lb, which in use presence of the strong base 
LiNEt2 undergoes a regloselective E2 reaction to give the 
allylic alcohol. The further oxidation of the a,13-unsatu-
rated aldelsyde, formed by reaction of the alcohol with 
MnO,,, to give the a.$-unsaturated carboxylic acid is not 
trivial, nor is the oxidation of other allylic alcohols to their 
carboxylic acids. Recently, inexpensive NaCIO, has been 
recommended for this oxidation, also in the presence of 
sensitive functional groups. 

oa"’ 6oa ’ oa 

6s;R’H 7sb 0111 
6b> ft SLMe57Rs 

Scheme It (o) ,orChlorop,rosybeimoio scSi (BA) (b) UNEt,, 
7VC-.RT. (c) 1) Desilylation, 2) 0CC, p9ridlse (77%); or I) Me>S,I, 

CHCI,, A. 2) Dladulatioa 

With MoO5, the eplmeric diol S it directly converted via 
the cyclic hcmiacetal into &pmenthenolide98u. Thus, cy-
dization to the cis-fused lactone proceeds more easily than 
to the trans-fused isomer. 

In the route described by Kozilwwski ci aLf"i (Scheme 
19) an isoxazoline, formed by cycloaddition, is redubtively 
opened and the ero-methylene double bond is then formed 
by a Wittig reaction. Again, cleavage of the tetraltydropy-
ranyl (MP) ether and oxidation with MoO5 affords the - 
methylene lactone. 

On N N-C . a OTHP �  us LOTSO P OTHP 07 

Sd,os, lb. (a) I) It,, Ranoy nickel, 2) H,CPrt,. (b) I) rosiju. MeaN 
(0ThP-014), 2) MaO,, CH,00 

Asge’.. Chem. her. Rd. £09L 241/985) 9�-I10 

2,3-0-Isopropylideneglycct’aldehyde�a chiral building 
block which has been used a great deal recently and has 
perhaps also become something like a vogue com-
pound""�was homologized in several steps to 9 and 
then cyctized to tulipalin B using acid catalysis""’ (Scheme 

20). CR0 COA- Tut)pa(in 13 

Scheme 20 tot 5 sls’. (h) I i’iHCI. 

Another possibility for obtaining the desired "crossed" 
allylic-homoallylic alcohol was demonstrated by Marshall 
ci sl." in the synthesis of confertiss (Scheme 21). The eno-
late of a modified maloaic ester, formed on using KH, is 
reduced by LiA1H4 to the dialcohol stage. Oxidation with 
MoO2 affords the 0-methylene lactone, although In unre-
ported yield. This method was already described in 1965 
and is still used today98. 

U 115 it COMe -k-° I 

Coufertin 

H;4 

V  ?ro 

Scheme 2!. (o) t) (H, 2) ClAIM,. (b) I) Moo,i, C.H. 2) CF,CO2I0, 301,01t. 
NoON. (C) 00,. py’idioe, CH,CI, (Colts, osidelloO). 

N-substituted methaceytamides can be used as synthetic 
equivalents of the hypothetical &d’dt’ methacrylic acid 
since they are more easily deprotonated and alkylated than 
acrylic esters. This method, developed in 1980, was used 
by three different research groups in the synthesis of it-
substituted acrylamides’4’ and of a-nselhylenc lac-
tones"""5" (Scheme 22). These syntheses proceed via the 
dianions lOb and 11, which polymerize less easily, proba-
bly because the amide nitrogen chelates a lithium ion and 
the reactivity of the carbonyl group is simultaneously re-
duced by electron detocal).zation. Trapping with ketones 
yields the cyclizable hoesoallylic alcohols (ct also Section 
4.3, i.e. the umpolung of (Z)-2-broinosnethyl-2-alkenoic es-
sets to give a’d5d5’ components), 

An interesting a’d’d" building block is the readily ac-
cessible, doubly activated triethyl 2-propetse-1,1,2-tricar-
boxylate, as shown recently by I)owd et al.15’I. For this 
compound even catalytic amounts of potassium bicarbon-
ate suffice for deprotonation and for bringing about the 
nucleophilic addition to formaldehyde. After decarboxyla-
lion of the crude lactone diestee with hydrochloric acid, 
the crystalline -carboxylic acid of u-methylene-y-butyro-
lactone is obtained in 54% overall yield. Alternatively, bo-
tadlene.2,3-dicarboxylic acid has been converted smoothly 
into brotnomethyl-itaconic acid, which in turn cyclizes 
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spontaneously to the same lactone in neutral or basic COOS-

diti0fls’’5 (Scheme 23). 

COOSO 

�? --E1 hO ° ° I’ 

io7 
CO2H q02H 

dl 

H 

HB _J 
m.p. 1113..120"C 

Scheme 23. a) 25% COlA easalytic amman %5000,4 65C, 25 min. b) 20% 
lICE e) EDrfA0H It mal). d) acunel o, baeio lohest. 

4.2. Cydiaation of 2-Methyieae.4.penteaoic Adds 

Dissection: 

H 

}t,Ccc,O 
It Helogen, Selt’ 

Rancher ci aI used the Claiscn ortho eater rearrange-
ment, which leads directly to the desired arrangement of 
carboxyl group and terminal CC double bond, i.e., to the 
y,&-unsaturated caiboxytic acid or 4-pentenoic acid; cycli-
zation was accomplished via selcno-lsctonization. Oxida-
tion of the selenium group and spontaneous elimination 
gavç the u-methylene group and-thanks to the second 
phenylselenide group-another double bond (Scheme 
24). 

By analogy with the synthesis described by Rancher et 
alt, Still et alP" had previously started from an allylic 
alcohol and used a Claisen triethylsilyllsesene acetsi rear-

100 

HO 
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it \-Sea’h 
S,ePh 
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°SePh 
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Oh 

Sehmee24. t) PbSrX ) 30% H,0,,ThF. The Osee peusilel arrows moe. I) 
hoati70 6s mesityteSo (160C. 24 h) in the pessmw c( nheelhytacctio scM 
(0.1 oq,dv.): 2) dmoethylaoio,, esiti, Lii is 2,6-dtmethylpyrid(ss, mOss, 2 h. 

rangemeni, i.e., the Ireland variant, for the synthesis of a 
functionalized acrylic ester, which was converted into the 
desired fruilanolide in two steps in 30% total yield 
(Scheme 25). 

- 

-- - 
Frutrsscob,le 

Setmme 25. ta> I) U)A/ttst’, 2) t135iCO, ISA. 4)tM°O),50,. Me014. K,CO3. 
(b) tadslsetsoieadas: 5-ew-alg, (s) .5-Diaoabicye145.4.01,mdec7’ese 
(E)BU). 

Mechanistically related is the one-pot reaction recently 
described by Vatele"’ for the synthesis of it-methylene-
y,&-unsaturated esters. An allytic alcohol is again used as 
starting material, which is transformed in three steps Into a 
cyclizable 2-methylene-4-pentenoic acid (Scheme 26): 

I. mucleophllic substitution at the activated vinylic carbon 
atom, 

2. Claisen ester enolote rearrangement, and 
3. sulfoxjde elimination to introduce the double bond. 
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Scheme 26. 

ffelquts: and Yu" used methyl 3.(NN-dimethylarni-
no)propionate 12, which is readily available via Michael 
addition of dimethylsasine to acrylic ester, as d2 acrylic 
building block. As in the case of the methacrytamides al-
ready described (Section 4. 1), metalation of the eater is Ca-

taprsc Ctro,. /.,. Ed. HrgL 24 ()9533 94-110 

cilitated by complexation with nitrogens’I. Reaction of the 
anion with allyl bromides gives the desired y,5-unsaturated 
ester, which, following elimination of the amino group, is 
subjected to iodolactonizatiotl. 

Li 

Me5 
fOMe .1 

lCHLC0,Me (CHcL(C0IMe 
.–L 

NMe4 

Scheme 21 (c) LISA. ThF. -75’C. (b) THF, hesamethIphssphode lds.s-
ide (MMI’S). -75’C*25’C. (o) I) Met, C11,OH, 2) 1,3.Dtmeblcy-
cIot4J.01non-5-eac (DalI), C.H. (4) I) ItOH. CH,OH, H,0. 2) lICE, 11,0, 3) 
1(1. I,, t’EaHCO,. 

The methods of Shono et al?’0 (Scheme 28) and McCul-
loch et al."5’ are mechanistically interesting but not gener-
ally applicable because of their drastic reaction conditions. 
Shono or al.1"I applied a method for ]octane formation dc-
scribed by Dobrev and lanos"0 to the synthesis of a-mesh-
ylene lactones. 

H0OMe 

SO5’5o P50 

Scheme 15. (e) Cool. 55,50,. (b) Ne,CO,, dImethyIfsuaaà44ł3  

The synthesis of McCulloch et aitta (Scheme 29) begins 
with an AICi3-catalyzed cog reaction"" of the strongly 
enophilic dinsethyl acetytenedicarboxylate. After acid-cat-
alyzed laetonization, the ester function is removed by re-
ductive treatment with copper in quinoline. Since the re-- 
duction is only successful for highly substituted five-mem-
bered rings, the range of application of the reaction is lim-
ited. 

CO,Ma 

S(1CO3Me 
51% CO3Me �s% 
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Sdrome 29. laS C., quleoSse. 

4.3. Metal-Promoted Reaction of Aldehydes and Ketones 
with a’a’a’  components 

Dissection: 

a a’dd" 

Aeqm. Cbma. Is. Ed. Ee3. 24(1903) 94-115 

In this method (Scheme 30), developed by Drelding et 
aI.’°’0% and U. Schmidt 

ci 

slP’0,a (Z)-2-bromomethyl-2-al-
kenoic eater (a’o3a" building block) is Heated with zinc to 
give an a’d3d5 intermediate with umpolung. The combina-
tion with the a’ aldehyde takes place with allylic shift and 
yields an intermediate alkoxide, which cyclists sponta-
neously to the u-methylene lactone. The Dividing-Schmidt 
reaction, which is also incorrectly called a Reformatoky 
synthesis (in which d’ enolate esters, but not d3 compo-
nents are, used), has been very useful in the synthesis of 
mojsocyclic and spirocmethyleneiactOnea105E. 

CO,Me 

Rh-Br 

CO5Me 

- I{T P, W. It’ 

5(QsMe R.f.$5Me 

It ,0ZnBr 
It’ ),,0Zu55r It’ 

Scheme 30. 

The intramoleculariaation of the reaction affords bicy-
die n-inethylenebutyrolactones from scythe compounds 
in one pot’623 (Scheme 31). 

Br 

C05Me 

Scheme 3L CHO 

In this fashion, Semmeihack ci aL’05’ successfully synthe-
sized (–)-confertin in 1978 (Scheme 32). They obtained 
the confertin isomer with the unnatural configuration by 
zinc-promoted cyclization, whereas nickel-promoted cycli-
zation yielded the natural isomer. The selective hydrogena-
tion of this precursor to confettin was unsuccessful; how-
ever, it was accomplished by a detour. 

çmeo 

ÆZo,Me 

Conferti,, 

scheme 32. (a) Low yield. cod.. cydooctadiene. 

Th’eiding ci all.’"’ synthesized compounds of The anean-
nuln type (Scheme 33). 
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Perhaps the most important building blocks in the syn-
thesis of y-monoaubsthuted and ’1’,y-dioubsthuted u-methyl-
ene-’-butyrolaciones are the 2-(bromomelhyl)acrylic ester 
13a and the ethyl cater 13b. 

Br a:R’Me 13  

IIOR
 R Et 

Recently, the synthesis of 13a in three steps (50% yield) 
and that of 13b in two steps (30% yield) have been de-
scribodt. 2-(Bromomethyl)scrylic acid 13c is also availa-
ble commercially Starting from 13b, Bertezro ci aLl’t 
reported the synthesis of more than thirty lactones, some 
of which are structurally quite complex (Scheme 34). 

l3b Rcc 
Sd,nme3t(s) I) Za/ThS. 2) dii. UCI. 

Jfósdel ci al.1, In ci aL", and Cassady et 
(Scheme 35) proceeded similarly: Cassady et al. also ob-
tained bhsIacloncs7", i.e., double haptena, from dialde. 
hydes by using the corresponding one-pot reaction’4. 

H 
+ 2 131. !L .._..CH2j. rR5ç’0 

Scheme 35. (a> 1) Zn/THF, 2) dii. H,SO,, O’C. 

A synthetic difficulty in the metal-promoted cyclization 
to give bicyclic n-nsethylene lactones has been in the syn-
thesis of the functionalized methacrytic acid as starting 
material. 

Starting from the ortho ester 14, Dreiding et aI. syn-
thesized the ortho ester 15 of 2-bromoacryhic acid in sev-
eral steps, 15 was nselslated with n-butylllthlum to give the 
corresponding lithium compound, i.e., a d2-acrylic ester. 
After trapping of the lithium compound with aldehydes, 
the hydroxy ester was rearranged to the substituted allyl 
bromides 16 (Scheme 36). 
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C095t Irhenne 36. (5) I) ltOctiu, 23 Bra, Cut), 3) KOH, ELOH. (6) II SaL. Sj 

CH,CHO. (c} 91,50,. (ii) NSSfMeaS. 

The synthesis of the allylic sulfur compound used by 
Semmelback at aL1 as a1a5a3 precursor, also requires 
several steps and is not (Z)-selective. The last step, the con-
version of the allytic sulfide into the bromide, is not very 
simple either (Scheme 37). 
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CO2MO CO5Me 

15050 
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R, 
SR ICO’Me + 

"�SR CO5Me CO5Me 
£ 

SCIlUSS 37. (a) 1)1(X 2) (McO),P, 3) J’Ss’ (sCent) yidd 20-25%): w 5) 
MeOSO,F, 2> 1)5, (ovecall yield 93% 

In connection with the synthesis of a wide range of allyl 
alcohols and their precursors, which are further (unction-
alized on the central carbon atom, we have prepared the 
necessary a1s5a5 coupling reagents (the allylic bromides 
18) in excellent yields by DABCO (dlazoblcydo(2.2.2oc-
tane)-casalyzed coupling of acrylic esters and aldehydes to 
17 and subsequent brominntion accompanied by allylic 
rearsngssnent° (Scheme 38). 

RCHO + CO5Me 
SC.yOli 

s,,r 
Otee 

17 

Br.JTO ZWTHF 
Me R O 15  0 

Suhean, 31. 

The reaction of 2-(hydroxyslkyl)acsylates 17 with N-
bronsosucclnlmide/dimethyl sulfozide yields regioselec-
tively (Sl’ reaction) and stereotelectiecty (Z)-2-(brosno-
methyl)-2-slkenoic eaters 18 irrespective of the group 
R7°73 Metal -Induced coupling of 18 with carbonyl com-
pounds allows ready access to n-substituted a-meihylene 
lactones (compare 19). Another advantage of this ap-
proach is that parent acrylic ester can be a-functionalizcd 
without loss of material, much additional functionality be-
ing tolerated. Esoteric acrylic acid building blocks and or-
ganometalllc conditions are unnecessary. The selective 
coupling of a ketoaldehyde, e.g., 6-oxoheptentsl, with an 

Aag.e. G,ns. 1,5. Ed. E,,gL 24(1315)54-210 

acrylic ester in the presence of DABCO is also possible; 
the less reactive ketone group need not be masked, e.g, by 
ketalization. After bromination with NBS/Me7S, which 
entails clean allylic rearrangement, a cydizable molecule is 

obained"51 (Scheme 39). 

Br 

CO,Me CO5Me 

.---. Oc0 
Sbom, 30. 

In addition to these compounds, other a’d’ compo-
nents�as already described in Section 4i�have been 
used in the cyclszats.... the allylailanc S and the disnions 
ill and 11. The allylic bromoester method offers the ad-
vantages of a simple synthesis, a high degree of conver-
gence, mild reaction conditions, and compatibility with 
other functionality. At least for many of the structurally 
more simple u-methylene-y.butyrolactones, this is the 

method of choice. 

4.4. Insertion of the Oxyge, WN 
Baeyer-Villiger Oxidation of 2-Methylenecyclobutanosses 

Dissection: 

CZO 

There are only a few examples of the Synthesis of a-me-
tlsylene lactones via the Raeyer-Villiger oxidation. 

The syntheses of Hawser et aL’ and Roberts et alP5 
will be presented here. As shown in Scheme 40, this ap-
proach begins with a 12 + 21-cycloadditlon of chioro- and 
bromoketenes to reactive double bonds to form a tlmction-
slized cyclobutanone. Baeyer-Villiger oxidation with ex-
clusive migration of the bridgehead carbon atom and sub-
sequent elimination of hydrogen halide yields the desired 
lactone. 

In following the fate of the three carbon atoms of the 
chioroketene one may see that these are incorporated into 
the product as the desired acrylic moiety. In the example 
given here, the total yield of u-methylene lac*one- starting 

Me ’Cl H 

r0i1c 

Sthn,en 40. (.) H.O,, CK,CQ,H 161 53) hi l,42.22lot.,n, IISAIKU). 
Nat. dienthy) n,41o,u4 (091360). 

.c,,gw. C3m. As. Ed. Esgl. 24 (1315) 94-110 

from the haloketene precursor�is 2036. It remains to be 
seen whether this route can be developed preparatively. A 
limitation of the cycloaddition route is that only cis-fused 
lactones result (cf. also Section 4.81 

Grieco ci aLt also used a Bacyer-Vilhigcr oxidation to 
construct a y-lactone and subsequently incorporated the a. 
methylene group by reaction of the enolate with formalde-
hyde (see Section 4,7) (Scheme 41). 

1 ’13’=0  
H OH 

Seharse 41. (a) t) Ct,Cl{COCI. 2) Z,,/CH,CO.H. (b) t) RoSs) comsalon, 2) 
5ll,rflIP. NsOH/H50,. (c) 1110% HCI, 2) HOAc,’30% 91,0,. (4) aMeth. 
ytnnldOO. 

4.5 Introduction of the Carbesyl Oxygen by Oxidation 
of 3-Metbylenetels-ahydrofurans 

Dissection: 

This very simple method, which could also be of biosyn-
thetic interest, has only been described recently. Starting 
from dihydrocarvone, Broeksosi and Fe,reirsP’ synthe-
sized

ynthesized
 monoterpcnOld ce-methylene-y-butyrolactonea 

(Scheme 42). After an interesting oxidative cyclization us-
ing lead tetraacetate to give the (scan derivative (compare 
also the Barton reaction), the exo-metlsylene group it 

formed by aelenoxide elimination. Finally, the carbonyl 
oxygen Is introduced, in analogy to the method of Dauben 
ci al."’, by Collins oxidation with Cr03 -2pyridine. It re-

mains emains to be seen whether other oxidizing agents will bring 
about an improvement in yield. 
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Suhom, 42. (a) ToQ95. HOCI4,CH.OH. (b) I) ,e-cl’UA. 2> t.DA, 5) 5251.. 
51,0,. NuOti.(o) t’b(OMit. (4) t)To,Ct. pyaldlse. 25 p’Cl-C.H.-Ss. (o) 1) 
H,0,, TSIF, 2) CFO,. pyfldlse. 
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4.6. hisertios of a Carbonyl Group into Functiouslized 
Ilomoallylle Alcohols 

Dissection 

This synthesis can be realized using reactions taken from 
the organic chemist’s "box of magic tricks", namely by 

a) transition-metal-catalyzed casbonylation of a vinyll-
cally substituted homoallylic alcohol and 

b) use of the Shapiro reaction. 

a) In recent years the intramolecular version of the tran-
sition-metal-catalyzed carbonylation described by Corey 
and Hegedu#"1’ has been used increasingly for the synthe-
sis of ce-methylene lactones. Zsxo-valent transition metal 
compounds, usually of nickel or palladium, function as cat-
alysts and reagents. Scheme 43 shows the proposed mech-
anism’" of the nickel-induced reaction, in which 3-bro-
mohomoallylic alcohols 20 have been employed as start-
ing compounds. Recently, Ban ci al. have also used the 
more reactive 3-iodohomosllyllc alcoho1amb. 

(Br l 

OH 

NI(C.] 
+ ltst(CO),l 

SeSesse 43. 

Representative of other ayntheses15341 are those of 7)’oSt 
ci at’65 and Shut ci aLive, described here. Treat at all. 
joined a fuuctionalized silylsilane to a carbonyl compound 
to obtain the functionalized homoallylic alcohol which is 
necessary for the insertion of the carbonyl group. The tri-
cyclic spire-u-methytenclactone is formed stereoselec-
tively and In high yield (Scheme 44). 

0 
M5S5.�.18r , 

us 
21 

dly 

Scheise 44, (c) 17C1,. Cft,CI,, -70--.0’C (b) IS K PbN.(CObt 5t,N. 
ml’. refissi. 

The Orignard reagent 3 prepared from 2-broruo-3-(tri-
methylsilyl)propene 21 can also be combined with epox-
ides to establish the desired 1,4-distance of functional 

104 

groups (cf, Section 41) and added to 4-unsaturated 
enones in Michael fashion using Cut catalysis, cyclopen-
tare precursors being formed" The possibility of storing 
the carbanion reactivity of 2-bromo-3-(trimethyiailyl)pro. 
pene while selectively activating the allytsilane (with 
11C14, and subsequently metalating the bromide (with 
magnesium) makes 21 a valuable equivalent for the hypo-
thetical disnion 22 (cf also the conversion of 3 into 4). 

21 6 .,A 

SdIk et aI.01 reacted a vinylic Grignard compound (a 
d ’d’ ethylene building block) with epoitides (a’s’ compo-
nents) and thus obtained the desired homoallylic alcohol. 
Electrophilic substitution of the trimeihylsilyl group by 
bromine yielded the 3-bromobomoallyl alcohol required 
for the carbonylating cycizationl"I (Scheme 45). 

BrMg’SiMe, 
+ ::> 1tMe5 .L 

did’ sls 

me 0 

5,6cm, 45. s) I) Ccl, THE, 55,0, 2) lie’. (6) I) 1oJCl4,Cl, -75’C, 2) 
NcOM,/MeOH. (c) I) CO (Pd(P’,).L 2) CH,CN, K,CO,. 

Carbonylaickel plays an interesting double role in the 
synthesis of (–)-frullanolidr (Semmeihack it aL15", 
Scheme 46). 

61 çioc %CR0 

OSO,Me 

r ?’R? 
0 

Sebesa 46. (s)4 efeps. (6)2 stsps. (e) tr4kCO)4 CŒ{,, 65C. 

The altylic system in 24 can first be activated as it-allyl-
nickel complex 25 (M Ni)" and cyclized with the alde-
hyde function to give 26 (potentially a d.c/trans mixture). 
In the next step, tetracarbonylnickel functions as carbon-
ylating reagent to form the re-methylene lactone (Scheme 
47). 

xl 

HJ c:- 
24 25 26 

Seb,u, 47. 
e,?;L. 

_?. cr 
A98mc. C6�. In. Ed. £ 24 (1983) 94-110 

Experimentally, a very high selectivity is observed for 

the formation of a cis-fused lactone as well as for the syn-
orientation of the lactone with respect to the angular me-
thyl group (cf. 23). The reason for these atereochemical re-
sults is not yet clear. 

A variant of the transition-metal-catalyzed cyclization 
was recently presented by a French research group". In 
this reaction, CO is not inserted and cyclized using Pd’ ca-
talysis. Instead, the hemoallyt alcohol is esterilied with 
phosgene as C, building block to give the chloroformate, 
which is then cyclized to give the et-methylene lactone 
(Scheme 48). 

If If It It 

OyCl oPdC1 

0 0 ’i"’dCt 

56ns, 40 (c) 1l’dcPPh,,,j. Nc,CO,. 

A fundamental result of Reppe chemistry is the synthe-
sis of acrylic esters by nickel-catalyzed carbonylation of 
acetylene" (Scheme 49). 

198C0),l 
IOCsC1I 4 CO + ROIl 

-’-

Scheme 49. 

As Notion et at were able to show, this reaction can also 
be intramolecularized by treating a homopropargyl alcohol 
with CO in the presence of catalytic PdCl2/SnCl2 and a 
tertiary phosphane"°’ (Scheme 50). 

Pd’ + CO + HOCt{,CH,CaCH 

H. 
’. 

e.c:o + Pd" 

Sehesle 50. 

The reaction proceeds under comparatively mild condi-
tions. In a model experiment for establishing the function-
ality, in the SC ring, Iteathceck stat’91’ converted the irons-
homopropargyl alcohol 27 into the trans-fused lactone 2* 
(Scheme SI). Although the yield is low (21%), the re-methy-
line lactone is formed directly in this way, and the nor-
mally chosen a-methylenation of a ’y-lactone precursor (cf. 
Section 4.7) is not necessary. 

27 15$’ --- 

2$ 

6H H 

Schess, 51. (c) PdCI., CO. than,,. 

b) A further variant is the insertion of CO. according to 
Barrett ci at, via the Shapiro reaction, in which CC), func-
tions as CO building block"" (Scheme 52). 

Ac94a. Chec. 1.5. Ed. E,gL 24 (1985) P4-Ill’ 
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Scheme 52. 

The dianion from the activated hydrazone of acetone is 
allowed to react with ketones. As usual, elimination of ni-
trogen yields a vinyl anion (cf. also 22), which after trap-
ping by carbon dioxide (carboxylation instead of earbony-
lation) is cyclized to the ce-methylene lactone. This reaction 
sequence requires strongly basic conditions, which are not 
always tolerated by highly functionalized molecules. 

4.1. t,.Methyleuatloa of 2-Oxotetmhydrofutaaa 

Dissection: 

- stout, 5 

Route 2 

The later incorporation of the a-methylene group into a 
preformed lactone has been used for many years in the 
synthesis of cz-methylene lactones. Since the various meth-
ods have also been reviewed, only variations and new 
methods will  be mentioned here, 

For the incorporation of the a-methylene moiety, a func-
tionalized C, building block is usually introduced and the 
double bond is formed by subsequent elimination (Route 
I). However, the introduction of a leaving group st to the 
carbonyl group, when the methyl group is already present, 
is also known (Route 2). In this case, elimination results in 
the exocyclic double bond, although the endocyclic double 
bond can also be formed’54-94 (Scheme 53). 
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In order to avoid the formation of the ensiocyclic double 
bond, one introduces the leaving group advantageously l 
to the carbonyl group (Route I). 

Two methods are used most frequently at present: 
1. The lactone is converted into the enolate and subse-

quently trapped with formaldehyde to give the hydroxy. 
methyl derivative. Alternatively, the anion is trapped 
with formic esters and reduced to give the hydroxymeth-
yl derivative. After conversion of the hydroxy group 
into a tosylate or mesylate group, elimination is easily 
carried out with a base. 
As almost arbitrary examples the synthesis of (–)-bi-
gelovin by Grieco et alP (Scheme 54) and of(–)-damain 
by Vanderwalle et al?I and Kreichmet et al.°° (Scheme 
55) are shown here, 

c10 4,)T11PO51 

52% 

H (t(–) -Bigelovin 
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Scheme 54. (a) 1) LDA. 2) C1I,0, 3) MaCI (Ma-methaaesultseyl pyridine 
) DM5. (a) 1) Hydmlysis, 2) MaO,, 3) AO, thyIamsopyædion 
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by 
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Scheme 55, 1.) 3) NaH, Uco,Et 2) NasH,, MeOH, 3) Net, NeON. (b) 3) 
reaCt. 2)5. pyadinc. 

Other seaquiterpene lactones which have been obtained 
via u-methylenation are, e.g., (–)-ambrosin, (–).pailoa-
tachyin C’°°, as  well as (–)-eriolanin and (– )-eriolan-
g>3’°OM, This methodology, which was developed by 
Grieco et (t20I21, has also been applied to other repre-
sentatives of the gtsaianolides (which have been investi-
gated much less than the pseudogualanolides), includ-
ing, inter alia, (–)-compressanolide and (–)-eatafistin 
(Vandensa-zJk et aiI0N5 

2. Another valuable method for introducing the a-inethy-
ieee group uses the -tR3 group as leaving group. This 
can be introduced by trapping of the enolate of the lac-
tone with dimethyl(snethylene)ammonium salts. After 
quoternization of the nitrogen, elimination affords the 
double bond (Scheme 56). 
The synthesis of (t )-eriolanin by Schksslssger cv at.11°°2  

and that of vernolepin by !robe et aL110 were carried out 
similarly. The incorporation of the a.methylene group by 
reductive amination of an a-carboxy lactone with CH,O/ 
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Sc4tt,O 56. 

flNt2 has been known for ten yearsttoa*I and was used 
again recently in the synthesis of bicyclic a.methylene lac-
tones via Meldrusn’s aeidm’t’] (Scheme 57). 

C0sH 

&Sseme 57. (a) lid,, THE. pyndius. (3) H,50,. (c) I) 
14,C0/HNtI2, 2) 

NaOAcIHOAc. 

A disadvantage of many of the methods described until 
now It the use of strong bases for generating the lactone 
enolate. In this respect the introduction of the Esedereck 
reageat by Ziegler e( al.t°° has brought about an im-
provement (Scheme 55). 

Me2N 

At-oniatiss 

ScMms 55. (a) (Ma,3,CH0Me, 5. (b) 11 )lAtiBs,, THE, heasna. 
-78-.25C, 2) us. NH.cl. 

Using this reagent, one prepares the vinylogous cache-
mate in the first step. This is reduced to the u-methylene 
lactone selectively and in remarkably high yield with 
HAII.5u5 (Scheme 55). The use of strong bases, which are 
otherwise necessary for generating the lactone enolate, is 
thus avoided. The reaction mechanism formulated by us 

CR5 

Me5N’ Me MesS( 

4 

tchnea 59. 
Me 

,6,tw Ckmn. let. U. £a5. 14 (lOSS) 94-750 

(Scheme 59) suggests that the specific deuteration of the 
methylene poaitiont°’N should be feasible by reduction of 
the vinylogous carbasnate with diisobutylaluminum dcu. 
teride (DAI1Bu2). 

Sulfur and especially selenium may also serve as leaving 
groups. The following synthesis, in which sulfur is incor-
porated exocydically in the -position (Route I) was de-
scribed by Paterson and i7ensissg3’ ’°’. The sulfur, following 
its oxidation to the sulfoxide, is removed as usual in aped. 
cyclic reaction by heating (Scheme 60). 
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The incorporation of the phenylseleno group via nec-
trophilic diphenyl diselenide and its elimination to give the 
double bond were steps in the synthesis of estafiati&"4 
(Scheme 61). 

1)LDA.S2%S.), 
lt 

- Estartstln 
Schema 9,1. 

It has been known for several years that a-methylene 
lactones can be synthesized via a Wittig reactiontt’t 3523, 

but this reaction has only been employed in specific cases 
(Scheme 62). 

C 
0 PPh5 -’-

0 0 

Scheme 62.4) P.refoem.Id,hyde. 

Fraser-Reid et al.5113’ and Na.!, St a1.01 have shown that 
chiral u-methylene lactones can be obtained from the chi-
rat pool using a Wittig reaction (Scheme 63). 
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Scheme 63.431) Py6dh0ae,ch5oroch1oma, (PCC). Ct-I,Cl,, 2) PI,,ScCH,, 
3) l,2-Dlmathosye5haee (0MB)/14,0. 6) AeaCO,-niSlIe 

4egne. Cheat, IN. Ed. .&,pl. 74 (IM) 94-1I47 

4.8. Other Methods 

Synthetic methods which have not been considered in 
Scheme 2 will be dealt with in this section. These involve 
pericyclic reactions and rearrangements: 

a) The cycloeddition of nitrones to otemuss (Diets-Alder 
reaction with inverse electron demand) described by 

Esthernnoses- et was further studied by Rie4’ikes- and 
Gra.Jtrnet. As already mentioned (see Section 4.4), the cy-
cloaddition route is limited in its applicability insofar as 
only cis-fused lactone rings can be prepared (Scheme 64). 

C– c 

Scheme 64. a) MSC1/pytidma. 6) KOcBa(tSaOli. a) OlSs tt,S0,, CCI. 

b) The Diets-Alder reaction can be used for the protec-
tion of the CC double bond of acrylic ester as cycloadduct. 
After the deprotonation with lithium diisopropylanside 
(LDA), the S92 reaction with propylene oxide gives the de-
sired 1,44unctionality distance and then the spimlactonc is 
formed. In the final step, the protecting group is cleaved 
off by cycIoreversiontt17-"’ (Scheme 65). 

B 

C0555e  
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Scheme 65. 

e) A third route to synthesize u.-mrthylene lactones is 
the cydlopropane rearrangement developed by ffudrtilc Vt 
at5559t. All the atoms of the product are already present in 
the cyclopropane educt 29. The cyclopropylnsethyl-ho-
moallyl rearrangement is facilitated by &I-like, conditions 
(Scheme 66). In the case of the formation of the bicyclic 
lactone 30 the two rings are cis-fused (Scheme 67). 

Scheme 06. 
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Recent examples have been described by Iftywna et 

al.""I and (Judriik ci al12t. The remarkably sensitive lull-

palm A is formed in 43% yield under almost neutral, anhy-

drous condIins’°1. 

>-
Thlipatln A 112511 

colme 

43% 

30 11211 
50% 

Sd,esnC 67. 

d) The formation of CC bonds can also be brought 

about by carbon radicals, and this approach has become a 

popular field of research in recent years. Carbon-centered 

radicals react with electron-rich and electron-deficient it_
 

system under neutral conditions. Thus, compounds with 

numerous further potential reaction centers are employ-

able without the need for protecting groups. One example 

is the cyclization of a propargyl ether to a secondary car-

bon radical. This radical it formed by tingle electron trans-

fer (SEI) from catalytic amounts of cobaloxime(r), which 

is cyclically regenerated from coba1oxime(n)t1. The last 

step, i.e. the oxidation of the 3-mcthylenetetrahydrofuran 

to the lactose, is still preparatively difficult (Scheme 68). 

("r  

30 WHI 
rusH. 

tdmso 68. (o) HCC-CH,OH, Nat, -30C-.RT. (b) o°(-tir°) (c) Sot-
oem-H. (4) CeO,, py,idioe, CH,C1,. 

One other route starts from functionalized bisallyl ether 

31, which, once again, is prepared with NOS and an excess 

of allyt alcohol at low temperature, probably via an ionic 

intermediate. The generation of the vinyl radical from 31 
takes place under normal conditions. Although 31 carries 

different types of labile hydrogen atoms (allylic and one 

acetal hydrogen), the cyclization proceeds in respectable 

yield (60-65%). Jones oxidation furnishes the desired lac-

tone 301 (Scheme 69). 
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Shnee 69. (0) Bs,SnH, 2,2’-000bi,(hobmyrooirnle) (AlaN). C,H,. (b)ino, 
0*5450105. 
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Besides 2-cyclohexenol, other allylic alcohols can be 
used for the reaction with the allenyl ether. 

The various radical reactions illustrate that new syn-
thetic methods muse go through the trials of practical ap-

plication and total synthesis. Conversely, it is clear that 
such an important class of heterocycles as the cs.methy-

lene-y-butyrolsctones mobilizes the whole arsenal of syn-

thetic methods which are at our disposal. 

S. Outlook 

Kupchan’s discovery in 1970 of the cysotoxic activity of 
the sesquiterpene lactones was the green light for a rapid 

development, which is continuing today and proceeding in 

various directions. The isolation and identification of 
many additional representatives, especially by Bhinsann 

et at.125t, the total syntheses, and the discovery of a broad 

spectrum of biological activities followed. At the tame 
time the lactones functioned as a lead is the search for 

analogues and attention was focussed also on completely 
/ 

different constituents of the Contp000ilae, as well as on their 

pharmaceutical and economic uses. Of the many new and 

inioiiiethods that have bee?’ublished on the prepa-

ration of the u’methylenr-y-butyrolactone moiety, a large 

number arc of academic interest only. The most commonly 

used methods include: 

1. oxidative cyclization of crossed allylic-homoallylic al-

cohols (Section 4i), 
2. halogeno-lactonization and seleno-Isetonization of 2. 

methylene-4-pentenoic acids (Section 4.2), 
3. metal-promoted cyclization of a1a5at components with 

carbonyl compounds (Section 4.3), 

4. transition-metal-catalyzed carbonylation of 3-bromo-

and l’iodohomoallylic alcohols (Section 4.6): 
5. a-mcthylenation of preformed y-butyrolattones (Sec-

tion 4.7). 

The investigations carried Out in this sector have en-

riched heterocyclic chemistry, teepene synthesis, and, at 

the same time, contributed to the development of new syn-

thetic methods. 

The future offers a wide choice for interdisciplinary ef-

forts regarding the use of u-methylene-y-butymlactones i4 
the fields of organc1niat7, biology, immunology, med. 
icine, and pharmacology. / 
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Abstract- The chemical stuctures of natural skin allergens is discussed: 
the majority is electrophilic or "proelectrophilic" (i.e. they can be 
transformed in the skin into electrophiles. A number of natural and 
model skin allergens (or haptens), in particular optically active - 
slibstituted -a -methylene-7-butyrolactones such as tulipalins B, have 
been synthesized and their allergenic activity tested in the guinea pig. 
A remarkable enantiospecificity of the its vivo response is noted when 
the chiral center is close to the protein site of attack, the a -methylene 
group. Use of an in vitro model, reaction of selected haptens with a 
dipeptide, BOC-Cys (SH)-Ala-OMe, shows parallelism between the 
stereoselectivity of the Michael addition and enantiospecificity of the in 
vivo reaction, allowing some reasonable predictions to be made 

Allergic Contact Dermatitis (ACD) is a disease of the skin consecutive to the contact with 
some substances of natural or synthetic origin called allergqps orhaptens (ref. I). The 
compounds responsible for this adverse skin reaction are generally electrophilic or "pro-
electrophilic’ and can react with nucleophilic groups in proteins. It is believed that 
haptens (Or allergens) which are low molecular weight compounds penetrate into the 
skin, get bound to epidermal proteins and are taken up by the macrophage of the 
epidermis, the dendritic Langerhans cell (ref. 2) . The latter processes the hapten-
protein adduct (called complete antigen) though pinocytosis and endocytosis and 
enzymatic hydrolysis leads to hapten-peptide conjugates which are reexpressed to the 
surface of the cell, along with elements of the major histocompatibility complex (MHC) 
called Is or DR antigen. The ternary hapten-peptide-MIIC complex is presented to 
another cell which plays an important role, the T-lymphocyte , where it is recognized 
by receptors. A clonal selection and blastogenesis of those T-cells (helper cells) able to 
recognize the hapten then occurs in the node and the system is now ready 
("hypersensitive") for another contact with the same or a related allergen. The whole 
process takes about 5-7 days. In the first stage (sensitization) nothing is visible on the 
skin and it is only if a second contact takes place. The process is then faster (12-24 
hours) and results in skin inflammation (redness or crythema plus swelling or edema). 
Fortunately another subpopulation of T-cells also forms at the same time, suppressor 
cells, which are responsible for diminishing the inflammation reaction or even to 
suppress it. Not everybody will give an eczematous reaction when exposed to the same 
substance. The presence or absence of allergic Contact dermatitis (ACD) is the result of a 
delicate balance between effector and suppressor T-cells. Hereditary factors seem to 
regulate this. 
A molecular approach of the ACD problem addresses the following questions: 
-What structural features make a compound an allergen (or a hapten)? (This should help 
in prevention of ACD). 
-How specific is the molecular recognition of a hapten? 
-Is it possible to conceive compounds able to generate the formation of T-suppressor 
cells, in order to regulate this immunological phenomenon? 
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The following paper tries to give an answer to the first two questions. 

NATURAL SKIN CONTACT ALLERGENS 

There are thousands of substances responsible in nature for the development of ACD 
(ref. 3, 4) . Several families of plants are known for their agressivity on the skin. Thus, 
she Comnositae family is one of the most offensive ones. The compounds responsible for 
ACD are sesquiterpene lactones such as, for instance alantolactone 1. In India, a 
Compositac, inadvertently imported from the States in the 50’s with wheat, grew to such 
an extent as to become a real national threat, this is Parthenium hysterophorus L. 
known as Congress Grass, particularly in the region of Poona. Another major problem, in 
Europe this time, is the benzoquinone, primine 2, present in Primula obconica (Hance). 
Finally every American is aware of the adverse skin reaction to two species of 
Anacardiaceae plants, poison ivy (Rhus radicans L.= Toxicodendron radicans (L.) Kuntze, 
mostly in the East Coast) and poison oak (Rhus diversiloba Torr & Gray= Toxicodendron 
diversilobum Greene). Both contain urushiols, a mixture of 3-alkylcatechol derivatives, 
such as the pentadecycaleehol 3 

O OH 

çIzx=o
 CH3t^ 0 

 

OH 

0 
C15H31 

There are a number of other long chain phenols also responsible for allergic contact 
dermatitis. Beside examples taken from the Anacardiaceae family (such as cashew nut 
or Anacardium occidentale L., or mango or Mangifera indico L.) , one could mention 
salicylic acid derivatives present in ginkgo (Ginkgo biloba L.). We have studied recently 
Allergic Contact Dermatitis to ginkgo extracts in the guinea pig. Cross-reactions (i.e. a 
person allergic to a compound A can react to a compound B, structurally related) to 
ginkgo in poison ivy-sensitive patients have been described. It was believed that 
ginkgolic acid 4 could be metabolized into cardanol 5, which could in turn be reoxidized 
into a catechol, present in Rhus plants. 

HO HO 

JCOOH 

015 H31 C15 H35 

4 5 

In guinea pigs, however, no cross-reactions between ginkgo-sensitized animals and 
poison ivy-sensitized ones was observed (ref.5). 

Famous other examples of skin contact allergens are a-m ethylene --butyrolactone (also 
known as tulipalin A), present in tulips, quinones in tropical woods, aldehydes in 
cinnamon (cinnamaldehyde) or in perfumes (example, citral in lemongrass) etc. 

MOLECULAR MECHANISMS OF ALLERGIC CONTACT DERMATITIS (ACD) 
INDUCTION 

The few examples shown above show that the majority of natural skin haptens are 

electrophiles and in particular Michael acceptors. This is the case obviously for to-

methyIene--butyrolactones, sesquiterpenic or not, quinones, a JI-conjugated aldehydes 

0 0 
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such as cinnamaldehyde. Some are prohaptent, i.e. they must undergo a chemical 
transformation in order to become truly allergenic. Thus, catechols are known to be 
easily oxidized (either in vivo or in vitro) into reactive o-quinones. Aminoacid 
candidates for reaction with skin haptens are mostly cysteinc with its SH group and 
lysine with its �-NH2 function. 

By using a model skin allergen, 13 C-methyl alkylsulfonate: 

CH3-(0H2)11 -S0313CH3 

and a model protein, human serum albumin. HSA, we have demonstrated by 13 C-NMR 
that lysines were involved in hapten-protein covalent bond formation. The only free" 
cysteine present in USA did not react, but there was some methionine-hapten bond 
formation (ref. 6). 
In order to try and establish some structure-activity relationships of the sensitizing (i.e. 
contact allergy inducing) substances, it seemed of interest: a) to label natural haptens in 
order to follow them in the skin or in skin extracts and b) to synthesize models of 
natural skin haptens. 

LABELLING SKIN HAPTENS 

We have attached a fluorescent probe to a derivative of the famous poison ivy allergen 
(ref. 7) This is the following tris-bipycydyl Ruthenium complex. 

OH 

RU’ 

Model labelling with deuterium was effected by reducing vinylsulfoxides derived from 

alantolactone and isoanlantolactone, two sesquiterpene a-methylene-y-butyrolactones 
with deuterium borohydride (ref. 8). The reaction gave good yields of the deuterated 
lactones and always proceeded with predominant (2/3) retention of configuration 
(Scheme I). 

ci 

Na B D4

’ c;1icrto + 

0 

S(0)Ph 
H D 

H 

Scheme! Deuteration of a vinyl sulfoxide derivative of alantolactone. 

SYNTHESIS OF MODEL SKIN HAPTENS 

In order to try and understand structural factors associated with the mechanism of 
allergic contact dermatitis (ACD), we have synthesized a number of allergens and mode) 
allergens. 
We have studied in particular a-methylene-y-butyrolactones with different substituents. 
For many of the lactones, the main sythetic route used was Reformatsky reaction with 
methyl bromomethymethacrylate (ref.9). However, it is not always convenient to use 
the usual basic conditions and require in particular for good yields nonenolizable 
ketones. 
We have therefore developed modified Reformatsky conditions in order to be able to 
use either methacrylic acid or methacrylates. Thus in a method (A) using the 
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bromomethacrylate ester, a 5:2 THF/Water solvent mixture saturated with ammonium 
chloride was used. In a second method (B), brotnomethacrylic acid could be used 
directly in a THF-water mixture saturated with ammonium chloride and containing 
triethylansine. The yields were superior to the ones described in the literature (Table 1). 

Table I. Reformatsky synthesis of a-methylene-y-butyrolactone (Yields in isolated 

products) 

Yields 

Substrate Product Methods A B lit. 

75 52 15 

0 0 

Ac 0 70 -- 12 
0 

KIID=o KIII(° / 77 47 31 

Recently, we have used stannous chloride and ainberlyst 15 catalysts to prepare a 
number of tx-m ethyl ene-y-butyrolactones under acidic conditions; yields of a-

metbylene-y-busyrolactones ranged from 65 to 92 % with aldehydes( ref. 10). None of 

these methods is suitable for the synthesis of optically active lactones. For this purpose, 
we used chirons from different sources. 
Thus, a number of -substituted-a-methylene-y-butyrolactones have been prepared. 

Both natural tulipalin B 6 and its unnatural enantiomer were synthesized from (-)- S-
and (+)-R-methyl lactates respectively (Scheme II) (ref.1 1). 

I 
COOMe HO 

MeOCO "’ySeveral steps 

HO 

Scheme!! Synthesis of (+)-Tulipalin B 6 

(+)�trans-,y�Dimetlsyl a-methylene-y-butyrolactone 10 was readily prepared from y-t-

butyl-diphenylsilyloxymetliyl-y-butenolide 7 obtained in four steps from L.-glutamic 
acid. Michael addition of lithium dimethyl cuprate resulted in high diastereofacial 
differenciation, resulting in 85% yield of pure enantiomer 8 with the silyl and methyl 
group trans to each other. Classical desilyistion, followed by brominasion of the - 

hydroxymethyl group and reduction by tributyltin hydride gave ,y-dimethyl-y-

butyrolactone 9. The a -methylene group was introduced by LDA treatment followed by 
reaction with Eschenmoser salt and DBU (Scheme Ill) (ref.12). 

O 
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Ph2-t-13u Si 0 bo 

85% RO 
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b,c,d 74% 

e,f,g 

63% 

10 9 
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Scheme Iii Synthesis of trans -3, y-dimethyl-a-methylene-y-butyrolactone 10 a:a 
a: Me2CuLi (R=Ph2(s-Bu)S1); b:FNBU4; C: CBr4, PPh3; d:Bu3SnH, AIBN; c: LDA, H2CNMe2J; 
f: Mel; g: DBU 

n�Methyl cs-methylene-y-butyrolactone 14 was synthesized in 5 steps (ref.12) from the 
known nitrilc 12 obtained from methyl -hydroxybutyrate 11 by Mona procedure 
(ref.13) in an overall 82% yield. Hydrolysis of nitnile 12, followed by deprotection of 
the alcohol and cyclization with HCl afforded lactone 13 in 78% yield. The a-methylene 
group was introduced as above with an overall 64% yield (Scheme IV), 

HO THPO 

COOMe CH2CN 

11 12 

a,b 

c,d,e 

0 -4 

;_]>??o

 

64% 78% 

14 13 

a: KOH; b: HC1; C: LDA, H2C=NMe2I; d: Mel; e: NaHCO3 

Scheme IV Synthesis of 3-methyl�a�methylene-y.butrolactone 14 from methyl 3-
hydroxybutyrate 
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BIOLOGICAL ACTIVITY OF a-METHYLENE-’y-BUTYROLACTONES 

Determination The biological activity of the haptens was determined by in vivo 
methods, using classical sensitization methods in the guinea pig (ref.14) and in mice. In 
the guinea-pig, the induction of allergy (i.e. sensitization) was effected by injectingf t tc--1a Si I 
intradermally, in the nuchal region of the animal, a 1:1 mixture- of Freund 

complete
 

adjuvant (FCA) and of saline, containing the hapten in varying concentrations. This was 
repeated three times. Then, the animal, after a 2 weeks rest, was tested epicutaneously 
by depsitin an olive oil:acetone dispersion of the hapten on a measured circular area 
of the 1lEad of the animal. Alter 24h (but also after 48 and 72 hours), the test was read 
and graded in a 0-3 scale according to the intensity of the skin reaction (erythenia or 
redness and edema or swelling). The results presented in the different Tables are the 
averages of the reaction of groups containing 8 to 10 animals and are statistically 
significant at a p<0.01 level. 

Results: frsubstltuted-a-methyiene-’y-butyrolactones 

These were found to be significant sensitizers (ref. 14) , contrary to reports of the 
literature (ref.16). In particular, 3-hydroxy lactones such as t1isthn B 61 were as good 
haptens as the unsubstituted methylenelactones . We seWs(zed two groups of animals 
to both natural and unnatural enansiomers of tulipalin B. There was no cross -reaction 
between the two groups: (+)-tulipalin B-sensitized animals did not react to (-)-tulipahn 
B and reciprocally (Graph I), Thus, molecular recognition of these allergens is" 
enssntiospecific. The same was found for (+)- and (.).-methyl-a.methylene-y-
butyrolactqncs 14 (Graph 2) (ref. 12). This was also true for sesquiterpene lactones 
from a 1iTwdrt, Fruflania: there is no cross-reactions between the two enantiomers 
which occur in two different species, namely (+)- and (-)-frullanolides (ref. 17). 

’TUUPALJNS B" 
2 

2 
0, 

METHYL TULIPALINS A 

SENSI1 TO (.) 55545ff TO (-) SENSITTO (+) 5654511 TO t-
I (.)-TUUPA. B 
� (-)-TUUPS. B 

Gravh.l Skin test reactions to (+). and Graph 2. Skin test reactions(-)-
ttslipalins B. No cross-reaction was observed, to (+)- and (-)-3-methyl�a�

methylene-y.butyrolactones.No cross-
reaction occurred. 

AN IN VITRO MODEL OF THE ENANTIOSPECIFICITY OF MOLECULAR 
RECOGNITION OF -SUBSTITUTED-o.METHYLENE.1.BUTYRO. 
LACTO N ES 

Is it possible to predict the specificity of she skin reaction to 3-substituted-a-
methylene-y-butyrolacsones? In order to address this question and to try and find a 
chemical model of protein-aminoacids-hapten reactions, we have prepared a dipeptide, 
B 0 C -L . Cys(S H )-Ala-OMe and reacted it with the different enantiomeric lactones 
according to Scheme V. 
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ANTI 

I° C H 2-S-dipeptide 

Ha 

SYN 

Ha C   2-S-dipeptide 

Scheme V Reaction of BOC-Cys(SH)-Ala-OMe with u-methylene-y-butyrolactones. 

The reaction conditions were 0.2 M sodium phosphate buffer at pH 7.4 containing 
absolute methanol to dissolve the dipeptide and the lactone. The results are shown in 
Table 2. 
Thus, when the nucleophilic addition is stereoselective, with high anti/syn ratios, the 
inaction on the skin is specific and no cross-reaction is observed (i.e. a (+)-enantiomer 
sensitized 1a2sta1 does not recognize the (-)-enantiomer). When the dipeptide addition 
is not or oor1y stereoselective, the reaction in the skin is not selective: (+)-enantiorners 
sensitized animals recognize the (-) iiothf iii cn’e(p1y. Selectivity of the skin 
reaction and of the Michael addition of the BOC-àys(SH)-Ala-OMe peptide to 
methylenelactones are parallel (ref. 18). Therefore, this model dipeptide although a 
very rough image of what may happen in skin between nucleophilic proteins and 
incoming haptens, gives an idea about the selectivity of in vivo molecular recognition 

Table 2. Results of addition of HOC-Cys(SH)-Ala-OMe to c-methylene-y-butyrolactones 
and of skin teats in guinea-pigs. 

y-LAC1’ONE Anti-Syn ratio Average skin reaction to enantiomersa 

(+) (-) 

(+)--methyl- nd 0.9 0 
(-)--methyl- 9.5/1 0.2 1.7 
(+)-y-methyl 6/1 1.3 0.4 
(-)-y-methyl 2/1 0.8 0.9 
(+)-Frullanolide ANTI 2.0 0.2 
(-)-Frullanolide ANTI 0.3 1.8 

a Average of skin test intensities varying from 0 to 3 (very strong) 

CONCLUSION 

The aim of this work was to try and predict adverse skin reactions due to natural and 
synthetic substances. Some conclusions can be drawn: 1) molecular recognition of 
haptens by the skin seems enantioselective 2) a chemical model of the supposed in vivo 
protein-hapten interaction gives satisfactory results. Finally, some compounds, not 
described in this paper seem to have promising properties for inducing specific skin 
tolerance to some chemicals, such as, for instance, the double-headed hapten below 
which induces ACD to the pyrocatechol (poison ivy like") end and tolerance to the a-
methylene-y-butyrolactone (’tulipalin like’) end (ref. 19). 
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For the formula I, R1 is a methyl, a phenyl group optionally 

substituted with one or two group selected from halide, 

(C1�C4) alkyl, (C,�C4) alkoxy, phenyl, nitro, amino. 

For the formula IL, R1 is a methyl, a phenyl group optionally 

substituted with one or two group selected from halide, 

(C1�C4) alkyl, (C1�C4) alkoxy, phenyl, nitro, amino; R.2 

represents hydrogen, halide, (C1�C4) alkyl, phenyl, nitro, 

amino; R3 represents hydrogen, halide, (C�C4) alkyl, phe-

nyl, nitro, amino. 

For the formula III, R is a methyl, a phenyl group optionally 

substituted with one or two group selected from halide, 

(C1�C4) alkyl, (C1�C4) alkoxy, phenyl, nitro, amino; R4 

represents hydrogen, hydroxy, (C1�C4) alkyl. 

The present invention also provides a cost-efficient method 

for the preparation of formula I�Ill. 

Formula 1�ifi may be administered orally or parenterly with 

an inert diluent or with a pharmaceutically acceptable carrier 

in the treatment or the prevention of cardiovascular disease. 

5 Claims, No Drawings 
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aTHYLENE-yBIJrYROlACThNES: 
NEW INnIBrrOltS OF PLATELET 

AGGREGATION 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to the therapeutical appli-
cation of atstiplatelet ct.methyleae-y-butytolactones. 

BACKGROUND OF THE INVENTION 

Cardiovascular diseases, especially various forms of 
thrombosis, such as coronary, embolic, venous and trau-
matic thrombosis, account for a large number of death per 
year. In fact it is estimated by the American Heart Associa-
tion that 54% of all deaths In the United States can be 
attributed to cardiovascular disease. It is therefore important 
for us to be familiar with physical, chemical and clinical 
aspects of drugs used to treat these form of thrombosis. 
Since it is believed that initiation of thrombus formation is 
dependent on platelet aggregation, the inhibitors of platelet 
aggregation could be prototypes for drugs that are more 
effectively combat thrombosis that leads to heart attacks and 
strokes. It was therefore jrcançwed us to search for novel 
compounds possessing more potent inhibiting activity on 
platelet aggregation. 

Coumarin derivatives such as bishydroxycoumarin and 
warfatin are the principal anticoagulants. Other clinically 
useful antiplatelat drugs are aspirin, eiccsapentanoic acid 
(EPA), dipyridamole, dazoxiben, and tidopidinc Their uti-
lization is, however, limited by the potency and the side 
effects. This invention describes the preparation of 
ts-methylene-y-butyrolactone-containing coumatins, 
quinolivaes, and quinolinones from commercially available 
starting materials in an efficient route. The products 
describes herein see suitable for large-scale production and 
exhibit very staring and extensive antiplatelet activity. 

DErAILED DESCRIPTION OF THE 
INVENTION 

This Invention included the preparation and the antiplate. 
let evaluation of novel a-methylene-y-buryrolactones which 
have been proved to be potent Inhibitors of platelet aggre-
gation. These active compounds, as free type or their phar-
maceutically acceptable salts, may be administered patentee-
ally or orally in a suitable pharmaceutical form. They also 
may be administered along or in conjunction with other 
anliplatdct agents, in combination with any pharmaceuti�
cally acceptable casnon 

As used herein, the phannaccsitically acceptable salts 
include salts with inorganic acids, such as hydrochloride, 
hydrotrosnide. sulfate and phosphate; those organic acids, 
such as acetate, maleate, tarirare, methanerulfonate; and 
those with amino adds, such as arginine, aspartic acid and 
ghstamic neiL Suitable pharmaceutical form include sterile 
aqucous solutions or dispersions, -rile powders, tablets, 
troches, pins, capsules, and the like. its addition, the active 
compounds may be incorporated Into sustained-release 
preparations and formulations. The pharmaceutically 
acceptable carrier includes any and all solvents, disintegrat-
ing agents, binders, excipients, lubricants, absorption delay-
ing agents and the like. Although the compound of the 
present invention may also be present as a hydrate or as a 
stercoisomcs, lisa matter of course that these hydrates and 
stercoisomers are also included in the scope of the present 
invention. 

The new compounds can be prepared according to the 
following reaction schemes and protocols. 

PART A 
Preparation of 4-[(2,3, 4, 5-Teiydro-3-mtihy1enc-2-oxo-
5-furranyl) methoxyj-211-1-benzopyran-2-ones (Scheme 1) 

5 a o Li 

OR 

10 

cf?lo 
--> 
cc?o 

---> 

The commercially available 4-hydroxycoumariss was 
treated with potassium carbonate and a haloketosie 
(claloroacetone, R1.’CH3; 2-bromoacetopisenone, R5=C6lt5; 
2-laromo4-fluoroacetophenone, R1.C5E5F; 2-laromo-4’-

0 cbloroacetophessone, R1=C6H4CI; 2-bromo-4’-
bromoacetophenone, R1=C6II4Br; 2-bronso-4’-
iodoacetopbenone, R5=C61141; 2-bromo-4’-
methylacetopherione, R5=C6It4CH3; 2-bromo-4-
nitroacetophenone, R1=C6H4N05; 2-bromo-4’-

35 methoxyacetophenoise, R5=C6H40C115; 2-bromo-4’-
phmylacetcphenone, R1.=C6114C6H5) in acetone or N.N.-
diniethylfoesoamide (DMF) to provide (2!-oxocthoxy)-2H-
1-benzopyran-2-ones which were reacted with ethyl 
2-(bromomethyl)acryLitc in tetrahydrofuran (TltF) 

40 (Refccmatsky reaction) to produce 4-((2,3,4,5-tetenhydro-3-
methylene-2-oxo-5-furanyl)methoxyl-211-t-benzopyran-2-
ones (I). 

EXAMPLE I 

4-[(2,3,4,5-Iblrahydro.2-methyl-4-mtihylene-5-oxo-
2-fsaanyl)methoxy]-2H-l.beozopyran-2-one (1) 

To a solution of 4-hydroxycoumarla (1.62 g, 10 mmol) in 
acetone (20 ml) were added potassium carbonate (553g. 40 

so mmol) and chloroacetone (1.38 g, 15 mmol). The insulting 
mixture was reflexed for 4 h. (monitored by TL(. Evapo-
ration of the solvent gave a residue which was poured into 
ice water (50 ml). The resulting solid was collected and 
crystallized from ethyl acetate to afford 4-(2-Oxeprq,oxy) 

ss -2H-1-benzopyraii-2-one (la) (1.28 g. 55.1%) as a white 
needle crystal. rap: 163°-165 C.; lR(KBr) v.,: 1716. 
1625; UV(CliCl3) e): 305 (3.83), 266 (4.05); 
511-NMR (CDCI5): 82.36 (s, 311, CH,), 4.77 (s, 211, OCli2), 
5.57 (s, 111,3-H), 7.28-7.36 (us, 211,6.-and I-It), 7.54-7.63 

as (ft. 111, 7-11), 7.88-7.94 (m, 111, 5-li). Anal. Calcd for 
C55H,005: C, 66.05; H, 4.62. Founfr C, .66.01; It 4.64. 

To a solution of is (0.655 g, 3 mmol) in dry tetrahydro-
furan (60 ml) were added activated zinc powder (0255 g, 
3.9 mmol), hyctroquinone (6 mg), and ethyl 

65 2-(bromoiuethyl)aaylate(0-78 g, 4mmol), The mixture was 
refined under nitrogen atmosphere for 36 b (monitored by 
TLC). After cooling it was poured into an ice-cold 5% 110 
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solutinsi (300 ml) and extsnrtrd with CI12Cl2 (75 ssiis3). The 
didulocomethane extracts were combined and washed with 
saline, dried over Na5SO, and then evaporated to give a 
residual solid which was crystallized from ethyl acetate to 
afford the title compound (0.656g. 76.4%) as a pale yellow 
crystal. mp: l61’-162° C.; lR(KBr) v,,,,,. 1766, 1703, 1627; 
IN (CHCI5) 3,,,,,,,(Iofl c): 306(3.79).276 (4.01). 266(4.05); 
’lLNMP ((’iV’L5’ 81 64 te sot 5’.4’tL\ 2 8 Mt tat . . 

-continued 
R, 

’C(_A,T R,

 

0  

11. H), 4.08.4.20 
547 (S. lIt. 3-11). 5.75 (t, ill, vinylic H). 638 (t. 111, vinylic Rs 

H). 7.12-733 (m, 211,6 and 8-I1). 7.51-7.65 (m. 211, 5 and 
aLClcd for CsaHssOs: C. 67.13; H, 4.93. Found: 

o 
at Ri 

EXAMPLE 2 

4(2,3,43.Tetrahydro-4-mcthylene-S-oxo-2-phenyl-
2-furanyl)mcthoxyl-2H-1.bcnzopyran-2’one (2) 

To a solution of 4-hydsoxycownarlis (1.62 g, 10 mmol) in 
acetone (60 nit) were added 2-tronsoacetophenone (1.99 g. 
10 mmol) and potassium carbonate (5.53 8.40 samot). The 
mixture was reflexed for 3 h. (monitored by TLC). Evapo-
ration of the solvent gave a residue which was poured into 
ire water (50 nil). The resulting solid was collected and 
crystallized from ethyl acetate to afford 4-(2-Oxo-2-
pheaylethoxy)-211-1 -benzopyran-2-one (2a) (1.76 g, 
62.9%) as a needle crystal. sap: l83°-184’ C.; lR(KBr) 
v,, 1721,1703.1626; UV(CHCI,) A.,,log e): 306(3.79), 
253(428); 1H NMR (CDCI5): 85.50(s,211, OCH5), 5.61(0, 
111,3-H), 7.26-735 (in, 211,6-and 8-11), 7.50-7.71 (in, 411, 
5-, 7-H and aromatic H), 7.94-8.02 (us, 311, aromatic H). 
Anal. Calcd for C55H1204: C, 72.85; 11,432. Found: C, 
72.85; 11,4.72. 

To a solution of 2a (0.84 g, 3 mmol) in day tetrahydro-
furan (60 ml) were added activated zinc powder (0.255 g, 
3.9 mmol), bydroqulnone (6 mg), and ethyl 
2-(bromointihyl)acaylate (0.78g. 4 meant). The mixture was 
refluxed under nitrogen almospbese for 18 b. (monitored by 
TLC). Alter cooling it was poured into an ice-cold 5% HO 
solution (300 ml) and extracted with CH2Cl2 (75 nslx3). The 
didilorcanethane extracts were combined and washed with 
saline, dried over Na5SO4, and then evaporated to give a 
residual solid which was crystallized from ethyl acetate to 
afford the title compound (0.90 g, 86.4%). sup: 212-214’ 
C.; lR(KBr) v,.,, 1766, 1717, 1620; UV(CHCI1) v,,,Jlog 
a): 306 (38. 277 (4.10). 266 (4.14); 5H-NMR (CDCI3): 
63.33 (dl, Ill. 4 -It), 3.66 (dl, 111, 4’-H). 426,4.32 (two d, 
211, OCH), 5.60 (a, 1K 3-11), 5.79 (t, 111, vinylic H), 6.42 
(t, 111, vinylic II). 7.20-7.61 (us, 911, 5,6,7,8-H, and nso-
matte it). Asss.t. Calcd for C21H1605025H20. C, 71.48; 11, 
4.71. Found: C, 7137; H, 4.67. 

PARS B 
Preparation of 2,34,5-’twrahydr(o-3-me1hylene-2.oxo.5-
furanyl) mcthoxyj-211-I-benzopyraa-2-ones (Scheme 2) 

R.110

-C 

LIII 

Each of the hydroxycoumarins (R=1t, (3, CH,; R5=11, 
Cl, C1t3) was treated with patassiumcarbonate andahaloke-
tone (chloroacetone, RI=CH,; 2-bronsoacetophenone, 

so RC6H5; 2-bromo4-1fluoroacetophenoae. R5=C6H4F; 
2-tromo.4’-thloraacetophenone, R514Q; 2-&omo4-
bronsoacetophenone, R5.-.C6H5Br; 2-bromo-4’-
Iodoacetophenoae, R=C6H5I; 2-bronso-4’-
snethylacetophenone, R5=C6H4CH3; 2-bromo-4’-

25 nitroaeetoptseaoase, R1=C6115NO2; 2-bromo-4’-
metbozyacetophenone, R5=C611.50C113; 2-bromo-4’-
phenytacetoplienone, R,=C6H5C5185) in acetone or 1)MF to 
provide (2’-oxoethoxy)-21t-1-brnzopyran-2-ones which 
were reacted with ethyl 24bxomonsethyl)acxylate in trirahy-

so drofiaais (THE) (Refosmaliky reaction) 10 produce ((23, 
4,5-tetrahydro-3-methylene-2-oxo-5-furaisyl)methoxy]-21t-
1-benzopyran-2-ones (11). 

jJ *11 

35 7-[(2.3.4,5-Thrthydro-2-methyl.4-methylene-5-oxo-
2-furanyl)methoxy]-2H-1-benzopyran-2-one (3) 

To a solution of 7-hydroxycoumarin (1.62g. 10 mmol) In 
acetone (20 ml) were added potassium carbonate (5.53 g, 40 

40 mmol) and dsloroacetooe (138 g, 15 minol). The resulting 
mixture was tefluxed for 4 h. (monitored by TLC). Evapo-
ration of the solvent gave a residue which was poured into 
ice water (50 ml). The resulting solid was collected and 
crystallized from ethyl acetate to afford 7-(2-oxopsopoxy)-
211-1-bcazopyran-2-one (3a) (2.10 g. 96.1%) as a white 
needle crystal. sop: 165°-167’ C.; JR(KBr) v 1709, 
1620; IJV(CHCI,) L.,,,(log is): 308 (4.14), 244 (3.52); 
’It-NMR (CDC13): 8231 (s, 3114 CH,), 4.65 (s, 211, OCHa), 
6.29(4.111. 3-11). 6.76(4.111,8-H), 6.88 (dd. 111,6-H), 7.42 

So (d. ill, 5-11), 7.65(4. III, 4-H). Anal. Calcd for C1H55O4: 
C, 66.05; H, 4.62. Found: C. 65.98; H, 4.61. 

To a solution of 3a (0.655 g,3 mmol) in day tefrahydto-
furan (60 sot) were added activated zinc powder (0255 g, 
3.9 mmol), hydroquinone (6 mg), and ethyl 

55 2-(bromomethyt)acrylale (0.78g, 4mmol). The mixture was 
refined under nitrogen atmosphere for 36 h. (monitored by 
TLC). After cooling it was poured into an ice-cold 5% ItO 
solution (300 ml) and extracted with CE2Cl2 (75 mlxI). The 
diclaloromettoane extracts were combined and washed with 

to saline, dried over Na2SOw and then evaporated to give a 
residual solid which was crystallized from ethyl acetate to 
afford the title compound; Yield: 79.7%; sup: 123’-I24 C.; 
JR(KBe) v,.,,, 1755, 1727, 1626; UV(CHCI,) ?.,log is): 
312 (4.18), 243 (3.58); 1H-NMR (CDCI,): 61.58 (s, 311, 

65 5-013). 2.79 (dl, 111,4-H). 3.18 (dl, lIt, 4-H), 3.99, 4.09 
(two 4,211, OUt), 5.69(1,111, vinylic II), 6.26(4. 111, 
3-11). 6.29(1,III, vinylic U). 6.76-6.84 (m, 211,6 and I-H). 
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7.38 (d, III, 5-18), 7.65 (d. 111, 4-11). Anal Calcd for 
C16H54O. C, 67.13; 11, 4.93. Found: C. 66.95; H. 5.10. 

EXAMPLE 4 

7-[(2,3,4,5-Tefrshydro-4-methylenc-5-oxo-2-Plienyt-
2-furanyl)inethoxyl-21t-1-benzcpyian-2-one (4) 

To a solution of 7-hydroxycounnaxis (1.62 g, 10 mmci) in 
acetone (60 in!) were added 2-bromoacetuphenone (1.99 g, 
10 mmol) and potassium carbonate (5.53 g. 40 mmol). The 
mixture was refisued for 3 b (monitored by TLC). Evapo-
ration of the solvent gave a residue which was poured into 
ice water (50 ml). The resulting solid was collected and 
crystallized from ethyl acetate to afford 7-(2-oxo-2-
phenyle*hoxy)-2H-1-bcnzopyran-2..one (4a) (1.53g. 73.1%) 
as a needle crystal. nip: 163-165 C.; !R(KBr) v,,,,,: 1728, 
1702,1627; IJV(CHCI5) L,,(log a): 320(4.16),249 (4.13); 
118-1174p� (CDCI,): 8539 (s, 211, OCli5), 627 (d, 111,3-H), 
6.80 (d. 118,8-H), 6.93 (dli, 118,6-H), 7.40 (d, 111,5-U), 
7.49-7.68 (in, 411, 4-lI and aromatic H). Anal Calcd for 
C57115204: C, 72.85; H, 432. Found: C 72.98; 11,435. 

To a solution of 4a (0.84 g, 3 wino!) in dry tetrahydro-
futan (60 in!) were added activated zinc powder (0255 g, 
3.9 mmol), hydroquinone (6 rag), and ethyl 
2-(bcomoane1hyl)aaylate (0.78 g, 4 mmol). The mixture was 
refluxed under nitrogen atmosphere for 18 b. (monitored by 
TLC). After cooling it was poured into an ice-cold 5% 110 
solution (300 ml) and extracted with CH5Cl2 (75 ml x3). The 
didsloromdihase extracts were combined and washed with 
saline, dried over Na5SO, and then evaporated to give a 
residual solid which was crystallized from ethyl acetate to 
afford the title compound; Yield. 77.8%; mp: 105’-106 C.; 
IR(8.Br) v 1758, 1719, 1616; UV(CHCI5) L,log e): 
321 (4.22), 243 (3.62); ’H-NMR (CDCI3): 83.24 (dt, 111, 
4’-H),3.66(dt, 1H,4’-H), 4.17,4,24 (two d, 211, 0C115), 5.71 
(1, 111, vinylic H), 6.24 (d, 111,3-18), 631 (t, 111, vizrylicH), 
6.72 (d, 111,8-Il), 6.78 (dd, 111,6-H), 735 (d, in, 5-10, 
7.40-7.52 (en, 511, aromatic It), 7.62 (d, 111,4-H). Anal 
Caicd for C25115505. , 72.41; 11,4.63. Pound C, 7230; it, 
4,67. 
PARE C 
Preparation of 2-Substituted 1(2,3,4,5-Tetralsydro-3-
nsdihylene-2-oxo-5-furanyl)methoxyjquinolines (Scheme 3) 

tin) 

D C1 
ccL 

N 

Each of the hydroxyquinolines (R,=tt, OH. CH,) was 
treated with potassium carbonate and a haloketonc 
(cblesoacrtoue, !t5=CH,; 2-bromoacetophenose, tt."C5H5; 
2-bsomo4-fluoroacetoplsenone, 1i5’C6H4F; 2-bromo4-
chlonoacctophenoae, 115=C6H4Cl; 2-bromo-4’-
bromoacctophcnone, R5=C6tl4Br; 2-bronso-4’-

iodoacetophenone, R5=C6H.I; 2-bromo-4’-
methylacetophenone, lt5=C5llCH3; 2-brosno-
4’nitroacetophenone. R5=C6H4N05; 2-bromo-4’-
methoxyacetophenone, R5"C6H40CH3; 2-bromo4-
phenylaceesphenone, ft5=C6H4C6H5) in DISH’ or acetone to 
provide 2-substituted (2.oxoethoxy)quinolines which were 
reacted with ethyl 2-(lxomomethyl)actylate in THP to pro-
duce 2-substituted [(23.4,5-tnteahydro-3-methyleiso-2-oxo-
5-flsranyt)methoxy)quueolunes (Iii). 

to EXAMPLE 5 

8-[(2,3,4j-Tetcahydro-2-methyl-4-methylene-5-oxo-
2-furanyt)melhoxy]-2(1H)-quinohnone (5) 

To a solution of 8hydeuxyqnino1ine (1.45 g, 10 mmol) in 
dichloromethane (50 ml) was added 3-dsloropecbenzoec 

s acid (MCFHA) (1.24 g, 13 mmol). The mixture was stirred 
at room temperature for 10 min, poured into 1.ON sodium 
bicarbonate (100 ml), and then extracted with dicislo-
romsihane (3x50 nil). The extract was washed with water. 
dried over magnesium sulfate, and evaporated to give a 
brown solid which was crystallized from dirisloromethane 

20 and diethyl ether affording 8-Hydroxycipinoline 1-oxide (Sn) 
8.83%) as yellow needle crystals, sup: 132’-133’ C.; 

fl-NMR (CDCI,): 87.04-8.28 (m, 618. Ar-H), 15.02 (br s, 
111, OH). 

Ainixture of Sn (0.81 g, 5 mmol) in acetic anhydride (20 
25 ml) was heated at reflux for 2 h (monitored by TLC). After 

cooling, It was poured into ice water (100 ml). The resulting 
solid was collected and ayseallizedfronididsloronsethnne to 
give 2-Acetoxy-8-hydroxyquinolune (Sb) (0.85 g, 84%) as 
white crystals. sup: 240"-241’ C.; 5H-l’tMR (DMSO-d6): 
62.55; (s, 3H  CHs), 6.66 (4, 3-11), 7.15-7.23 (m, 311, 
Ar-fl), 7.78 (d, 4-18), 11.31 (br  111, OIIIS 

A mixture of Sb (1.02 g,5 mmol), potassium carbonate 
(0.69 g, 5 mmol) and dry N,14-dimethl3dforsuahnide (DM1’) 
(40 ml) was stirred at room temperature for 30 rain and then 
cliloroacetone (0.46 g, S mmcl) in dry ’fliP (10 ml) was 

35 added in one portion. The resulting mixture was continued 
to stir at room temperature for 24 h (monitored by TLC). 
After this period, it was poured into ice water (100 ml) and 
the pale yellow solid thus obtained was crystallized from 
dicbloromethane and ether to afford 2-Acetoxy-8-(2-

40 oxoprcçoxy)quunoline (Sc) (0.85 g, 66%). nip: 79’-s(° C.; 
51t-NMR (CDC[,): 82.16 (a, 311. OAc), 2.42 (&, 311, 3’4CH3), 
485 (s, 211, OCH,), 7.06 (4, 3-11), 7.26-7.67 (in, 311, 
Ar-il), 8.08 (d, 4-11). 

To a solution of Sc (0.788,3 mmol) in day tetrahydro-
as futan (60 ml) were added activated zinc powder (0.26g. 3.9 

mmci), byricrsquunone (6 rug), and ethyl 2-(brcmonsethyl) 
acrylate (0.78 g,4 mmol). The mixture was relluxed under 
nitrogen atmosphere for 6 h (monitored by TLC). After 
cooling, it was poured into an ice-cold 5% 110 solution (300 
ml), neutralized with 1.014 NaHCO,, and extracted with 
C11,Cl, (75 m1X3). The didiloroniethaae extracts were 
combined and washed with water; dried over Na2SO4, and 
then evaporated to give a residual oil which was purified by 
column chromatography on silica gel using CH202 as the 
clued to afford the title compound (039 g, 60%). UV 

55 ),(log a): 258 (4.70) (0.lN HO in MeOH), 246 (4.69) 
(MCOH), 261 (439) (0.111 NaOH in MeOlt); 5H-NMR 
(CDCI,): 81.61 (s,311. 2 -CL), 2.78 (dl, 118,3-11), 3.17 (dl, 
111,3-18)4.50 (t, 211, OCII,). 5.65 (t, 10, vinylic H), 6.29 
(5, 111, vinylic 11), 6.91 (d, 111, 3-11), 7.18-7.41 (in, 318, 

60 Ax-H), 8.02 (d, 111,4-11). Anal Calcd for Cj155N04: C, 
6736; H, 530; N, 4.91. Found: C, 6738; It, 532; N, 5.00. 

EXAMPLE 6 

8-[(2,3,4,5-Terrahydco-4-methylene-5-oxo-2-plienyl-
65 2-fmanyl)methoxyj-2(1H)-quino4incne (6) 

2-Acetnxy-8-(2-oxo-21henylethoxy)qwnolune (he) was 
Prepared from 2-ace*oxy-8-lsydroxyquinoline (Sb) and 
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2-bronsoacetophenone by the same procedure as 5c in 74% 
yield. sup: l41-142° C.; 518 83fl (CM,): 61.92 (s. 311, 
CH,), 5.66 (s, 218, OCR,). 7.11 (4,3-0), 725-8.04 (an, 818. 
Ar-It). 8.05 (ci. 4-11). 

The title compound was prepared from he by the same 5 

procedure as 5 in 57% yield. UV 3.,,,,,(log a): 260 (4.69) 
(0.1N HO in MeOR), 247(4.73) (McOH). 261(4.61) (0.111 
NaOH in MeOlt); ’H-lIMIt (CDQ3): 83.23(41,Ill. 3-H), 
3.63 (di. 111,3-11). 4.63 (d, 1H, OCR), 4.71(4,III, OCR), 
5.66 (t, 111, vinylic H), 630 (8, 111, vinylic H), 6.8.8(4, 111, 10 

3-11). 7.15-7.52 (iii. 811, Ar-it), 8.00 (d, 111,4-it). Anal  
CaIn! for C,,H171804: C. 72.61; 58.4.93; N, 4.03. Foundl C, 
72.69; H, 4.94; N. 4.11. 

EXAMPLE 7 15 

8-((2,3.43-Thtrahy(bro-2-methyl-4-melbylene-5-oxo-
2-fueanyl)methoxylquinoline (7) 

8-Hydsssxyquinoline (0.73 g.5 mmol), potassium carbon-
ate (0.69 g. 5 mmol) and dry NN-dimethylfonnamide 20 
(DMF) (44) nil) were stirred at room temperature for 30 min. 
To this solution was added duloroacctonc (0.46 g. 5 mmol) 
in dryTHF (10 ml) in one portion. The insulting mixture was 
stirred at room temperature for 24 It (monitored by ’ll.C) 
and then poured into ice water (100 ml). The pale yellow 25 
solid thus obtained was collected and crystallized from 
didiloromrthune and ether to afford 8-(2-oxopropoxy) 
quinoliae (7a) (0.68g. 65%) as a pale yellow needle crystal 
nip: 58°-59° C.; ’H-lIMit (CDCI,): 8232 (5, 311, C115), 
4.88 (s, 218, OCR,), 6.88-8.97 (iii, 618. Ar-H). so 

To a solution of 7a (0.60 g, 3 mmol) in dry tetrahydro. 
furan (60 ml) were added activated zinc powder (026g. 3.9 
mmol), hydroquinonc (6 rug), and ethyl 2-(lromornethyl) 
acrytate (0.78 g, 4 mints!). The mixture was refluxed under 
nitrogen atmosphere for 6 h (monitored by TLC). After 33 
cooling, it was pouted into an ice-cold 5% tIC! solution (300 
ml). neutralized with tON NaUCO,. and extracted with 
Cit,Cl, (60 mb’3). The dichlorosnethane extracts were 
combined and washed with water; dried over Na-,SO4, and 
then evaporated to give aresidual oil which was purified by 40 
column chromatography on silica gel using C1120, as the 
clued to afford the We compound (0.66 g, 82%). UV 
),,,,,(tog a): 250(4.69) (0.111180 in MeOH). 237 (4.60) 
(MeOR), 238 (4.64) (0.118 NaOIi in MeOH); ’H-NMR 
(CEO,): 81.61 (s, 311, 2’-CH,), 2.84 (dl, 118,3_H). 3.48 (41, 45 
118,3-11), 4.25(4,118, OCH), 432 (ci, lit, OCR), 5.66(8 
ifi, vinylic 11), 616(  181, viasylic It). 7.13-8.91 (in, 618, 
Ar-H). AnaL Caloi for C56HtaNO3.…1120: C, 70.77; 81, 
5.65; N. 5.16. Found: C, 70.80; 0. 5.75: N, 5.08. 
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EXAMPLE 8 

8-((2,3,4,5-lblrahydro-4-methylene-5-oxo-2-phenyl-
2-turaayl)me*lioxy}quinoline (8) 

8-(2-Oxe-2-jdren4ethoxy)quinthnc (8a) was prepared 55 
from 2-bromoacetophenone by the some procedure as lain 
69% yield. nip: 124°-125° C.; ’U-NMI& (CDQ,): 65.65 (a, 
21!, OCI!2)1 6.95-8.97 (in, 1111. Ar-H). 

The title compound was prepared from Sn by the same 
procedure as 7 In 75% yield, nip: 101-102’ C.; UV no 
).,,,Jlog a): 250(4.69) (0.114110 in MeOH), 237(4.62) 
(MeOH), 237 (4.67) (0.lN NaOH in MeOR); iHN.65 
(CDC8,) 83.25 (41,111,3-H), 4.09(48,118, 3-11), 4.46 (d, 
Ill. OCR), 4.62(6. III. OCH), 5.68 (t, 1H. vinylic H), 6.25 
(I. 111. vinylic it), 7.16-8.90 (in, I1H, Az-H). Anal. Cnlcd 65 
forC51H,7N0,: C, 76.11; 11,5.17; 11,4.23. Found: C, 76.10; 
H, 5.191 N, 4.27. 

EXAMPLE 9 

8-E(2-(p-Otloropbnnyl)-23.4.5-tctrahydro-4-
methylene-5-oxo-2-furanyl)methoxy]quinoline (9) 

8-(2-(p-Chlurophenyl)-2-oxoethoxy)quinoliue (94) was 
prepared from 2_bromo.4-chloroacetophenoae by the same 
procedure as 7a in 76% yield, nip: ll1’-112° C.; H -lIMit 
(CDCI,): 55.56(s.20. 0012), 6.96-8.96 (in, 1OH,Ax-H). 

The title compound was prepared from 9a by the same 
procedure as 7 in 69% yield. sup: 107°-108’ C.; liv 
L,,,,,(log a): 249 (4.75) (0.114 HCl in MeOR). 236 (4.69) 
(Me011). 238 (428) (UN NaOH in McOH); ’H-lIMit 
(C1)Cl,): 83.20 (dl, 111,3-11), 4.06 (tie, 118. 3 -It). 4.42 (4, 
III. OCH), 4.56 (d, 111. OCR), 5.70 (1, lit, vinylic H). 6.28 
(t, 1H. vinylic H), 7.13-8.91 (en. 100, Ar-H). Anal  Calcd 
for C2511,6C1N05: C, 60.95; 0,4.41; N. 3.53. Found: C, 
68.91; H, 4.44; N, 3.87. 

EXAMPLE 10 

8-[(23,4.5-Tetcahydro-2-methyt-4-methylene-5-oxo-
2-furanyl)methoxy]-2-methylquinoline (10) 

2-Methyl-8-hydzoxyquinoline (0.80 g. 5 mmol), puma. 
slum carbonate (0.69 g, 5 mmol) and dry N,N-
dimethylfornaamide (DM1’) (44) ml) were stirred at room 
temperature for 30 min. To this solution was added chioro-
acetone (0.46g. 5 mmol) in dry ’HIP (tO ml) in one portion. 
The resulting mixture was stared at room temperature for 24 
h. (monitored by TLC) and then poured into ice water (100 
ml). The pale yellow solid thus obtained was collected and 
crystallized from dichloromethane and ether to afford 
2-methyl-8-(2-oxoprcipoxy)quinoline (iOn) (0.77 g, 72%). 
nip: 99°-iOO° C.; H-lIMIt (CDCI,): 8.235 (s, 311,2-Cl!,), 
2.79 (i, 381, 2-CH3). 4.86 (s, 2H, 0GI), 6.88-7.44 (m. 311, 
Ax-H). 733 (4,118,3-H), 8.03(4,111.4-U). 

The title compound was prepared from 194 by the same 
procedure as 7 in 70% yield. UV ),,(log a): 253(4.42) 
(0.111110 in MeOH), 238(4.45) (MeOH), 239 (446) (0.114 
NaOH in MeOH); 111-NMI1 (CDCI,): 81.61 (s, 311,2.013), 
2.71 (r, 311, 2.CH_), 2.80 (41, lit, 3’-11), 333(41, III, 3-0), 
4,24 (4, III, 0CR), 430(4,111, OCR), 5.67(8,III. vinylic 
11)6.28(8,III, vinylic H), 7.08-7.42 (iii, 30, Ar-H), 726 
(d, 111, 3-11). 7.97 (4, 111, 4-11). Anal. Cried for 
C,1851N0,.1/dI20 C, 71.50; H,6.09;N,4.90. Foiuidl C, 
71.26; 11, 6.13; 11,4.73. 

EXWLE 11 

8-[(2,3,4,5-’lbfrahydro.4-melhylene-S’oxo-2-phcnyl-
2-flrranyl)inethoxy]-2-methylquinoline (11) 

2-Methyl-8-(2-oxo-2-phenytethoxy)quinounc (tin) was 
prepared from 2-bromoacctophcnone by the saint procedure 
as 194 in 72% yield. nip: 70°-71° C.; ’H-NMR (CECI3): 
62.77(s, 3H,2-CH,),5.63 (a, 218. OC11,). 6.94-8.10 (m, 811, 
Ar-H), 7.29(4,10,3-H), 7.99(4,111,4-H). 

The title compound was prepared from lla by the same 
procedure as 7 in 61% yield. sup: 108’-109’ C.; UV 
),,,,,,(log a): 253 (433) (0.111 RU in MeOR), 239 (4.46) 
(MeOH), 240 (431) (0.111 NaOH in MeOlt); ’E-NMR 
(CDCI,): 62.74 (s, 30, CII,). 3.25 (di, 111,3-11), 4.12 (dl, 
111,3-H), 4.41 (ci, lit, OCH), 4.56 (d, 118, OCR), 5.71 (1, 
IH, vinylic 0). 631(8,111, vinylic H), 7.06-7.60(m, 811, 
Ar-H), 727(4,10,3-H), 7,98(4,10, 4-10. Anal. Cried 
for C,1tNO,: C, 76.51; H, 5.54;N,4.06. Found: C,76.52; 
11, 555; N, 4.15. 

EXAMPLE 12 

8-[(2-loropheaiyl)-23,4,5.tetrahydro-4-
methylene-5-oxo-2-furanyl)mrthoxyj-2-

mrthylquinoline (12) 
8-(2-(p-Chloroplsenyl)-2-oxocthoxy)-2-methylqpinoline 

(12a) was prepared from2-bromo-4’.clsloroacetophenone by 

"II 
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the same procedure as lOa in 64% yield. mp: 112°-113° C.; 
5H-NMR (COO,): 82.77 (s. 311, 2-CH,), 556 (s. 211, 
OCR,), 6.94-8.12 (m, 80, Ai-H), 731(4, 111, 3-H), 8.00 
(4, 118,4-11). 

The title compound was prepared from 12a by the same S 
procedure as 7 in 68% yield, sap: 129’-130’ C; UV 
),,(log e): 253 (4.62) (0.iN 110 in MeOH). 238 (4.60) 
(MeOH), 240 (4.61) (0.114 NaOH in MeOR); 10-NMR 
(COO,): 82.74 is, 31L CH,), 3.20 (dt. 10, 3-11), 4.08 (cit. 
III, 3-H), 437 (d, 111, OCR), 4.50 (4. 111. OCR). 5.72 (t, to 
111, vusylic 11), 632 (t, ill, vinylic 18), 7.04-758 (m, 711, 
Ar-l(),7.27 (ci, 10,30), 7.98(4,111,4-11). And. Calesi lot 
CHtaClNO,: C. 69.56; H, 4.78; N. 3.69. Found: C, 69.51; 
H, 419; N. 3.75. 
PART 0: Antlplatelet activity 

The pharmacological activity of these compounds were 15 
determined according to G.V.R. Born by turbidimeoy (J. 
PhysioL, 1963, 168, 178). Based on the method, samples 
were suspended in rabbit platelets which were washed with 
platelet-rich plasma, the aggregation was then counted by 
the Lumi-aggregoineter (Model 1020, l’aytoon, Canada). 25 
The results are shown in Table 1. Formula (11-111) at the 
concentration of 100 pgflnl are found to inhibit the platelet 
aggregation perfectly which was induced by aradtidonic 
add (AA), collagen, AD!’, and PAR Since the structures of 
these compounds are different from those of known anti- , 
platelet agents, the present invention have the potential for 
thither development 

Compounds of this invention may be administered 
pareasierally or orally in a suitable pharmaceutical form. 
They also may be administered along orb conjunction with 
other asitiplatelet agents, in combination with any pharma-
ceutically acceptable carrier. 

As used herein, suitable pharmaceutical forms include 
sterile aqueous solutions or dispersions, sterile powders, 
tablets, troches, pills, capsules, and the like. In addition, the 
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active compounds may be incorporated into sustained-
release preparations and formulations. The pharmaceutically 
acceptable carrier for oral dosage form are, In particular, 
fliers, such as sugars, for example, lactose, sucrose, 
mannitol, and furthermore binders, such as starch mucilage 
using, for example, wheat, rice or potato starch, and/or, if 
desired, disintegrating or adjuncts. Those carriers for 
pnrenteral dosage fonts ace, in particular, aqueous solutions 
and furthermore lipophilic solvents or vehicles such as fatty 

ohs, 

and/or, if desired, viscosity-increasing substance, for 45 
r.,di,,. ,..4,.,...,....ol,,,i ....11,.1,., .,-airiro,l 

10 
(A) Preparation of platelet aggregation inducers: 

1. Bovine thrombin, from the Parke Davis Co., was 
dissolved In 50% (v/v) glycerol for a stock solution of 100 
NIH units/niL 

2. Collagen (type 1: bovine Achilles tension), from the 
Sigma Chemical Co., was homogenized in 25 mM acetic 
acid and stored (1 mg(mL) at -70’ C 

3. PAP (1-0-alkyl-2-acctyl-sn-glycerot-3-
phosphorylcltoline). purchased from Sigma, was dissolved 
in chloroform and diluted into 0.1% BSA-saline solution 
immediately prior to use. 

4. A# (arachidonic acid), purchased from Sigma, was 
dissolved in deionized water. 
(B) Preparation of platelets: 

Platelet suspension was prepared from EDTA-
anlicuagulatrd Platelet-rich plasma according to washing 
procedures described previously (Tang. CM. et. al., Thromb 
iI.armc,s59, 304,1991). Platelets were counted by Hemala-
ocr 2 (Sebta, Prance) and adjusted to a concentration of 
4.5x105 platelets/ml- Platelet pellets were finally suspended 
in ’t),rode’s buffer (pIt 7.4) of the following composition: 
NaCl (136.8 saM), XCI (2.8 mM), NaHCO, (11.9 mM), 

MgCl2 (2.1 mM), NaR,F04 (033 mM), Ca02 (1 mM), 
glucose (11.2 mM) containing 035% bovine serum albumin. 

(C) Platelet aggregation and ATP release reaction: 
Aggregation was measured by the turbidirnelsy method as 

described by O’Brien (I Clin Paihol 15, 452, 1962). ATP 
released froraplatelets was detected by the bioluminescence 
method of DeLuca and Mlory (Methods En5),mol 57, 3, 
1978). Both aggregation and ATP release were measured 
simultaneously in a Lumi-aggregometer (model 10200, 
Payton, Canada) connected to two dual-channel recorders. 
Platelet preparations were stirred at 900 rpm. When DMSO 
was used as solvent, its final concentration was fixed at 0.5% 
(vie) to eliminate the effect of the solvent. For the calcula-
tion of percentage aggregation, the absorbance of platelet 
suspension was designated as 0% aggregation and the absor-
bance of platelet-free Tyrode’s solution as 100% aggrega-
tion. The antiplatelet effects were shown in Table 1 and the 
inhibitory conceolsatiotis for 50% aggregation (IC,,) were 
expressed in Table 2. 

BRIEF DESCRIPTION OF THE DRAWING 

"’�’5� ’,"" "" Table i. Effect of a-melbylene-y-butyrolactones on the 
Although the compound of the present invention may also 

be present as a hydrate or as a ateeeoison, it is a matter 
of
 

platelet aggregation (%) induced by thrombin (The), aradti-

course that time hydrates and stereolsomern are also 
donic acid (AA). collagen (Cot) and platelet-activating fac-

included in the scope of the present invention. The prefer so 
tor (PAl) in washed rabbit platelets’ 

individual dose is 50 to 300 sag for oral administration and Table 2. IC, values of at-methylene-y.butyrolactones on 
2 to 15 sag for intravenous administration and can be the platelet aggregation induced by Thr (0.1 U/nil), AA (tOO 
administered up to 3 limes daily. pghstl), Col (10 pg/ml), and PAP (2 aM) 

TABLE 1 

Bffror of n-rtiodrylmr-7-bosyrolaeaanra ,n liii piasairt a5gregniiCa (%) 
inthrad by daoathiac (Thl, nanbidsats said (AA sollagan (Cot) ant 

sItsationba bskn (PSF) in washed rabbit platdotn’ 

Com,da ISo Ot temi AA ire 900 Cot lOpg’nl SteP Sate 

Control 91.7–10(5) 86.4–1.0(3) 89.2 1.4(5) 88.2–02(4) 
74.4 –9.0(4) 23.3– 12.6(4)’ 8.5 

– 6.9(3/’ 33.6 – 16.6(5)’ 
2 0.0 – 0.0(4) 0.0 – 0.0(3) 5.0 – 0.0(3) 0.0 – 0.0(4)’ 
3 22.2–6.0(4? 00 – 0.0)4? 0.9– 0.0(3? 0.0–0.0(3? 
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TABLE i-continued 

Effror of u.msthykor-5.b4yrolastsnao on t& ptotrkt aggregation (%) 
irahcrad by throisbis (lint arachidosic said (AAI colagon (Cot) oral 

olarolcs-acrisoraco focror (PAP) in ocrotod rabbit plairirfo’ 

Ind-

Cranpchr 15, 5.5 U/tnt AA 100 PM Cot tsjcgbeI P/,3’ 2 nM 

Control 91.7–1.9(0) 06.4–1.9(5) 80.2–tA(5) 89.2–0.8(4 
4 0.9–00(3)’ 
O 22.9–55(5)’ 

00–00(4? 
00–0.0(5/’ 

50 – 00(3) 
50–0143)’ 

0.0 – 02(3 
50–5.1(3/’ 

6 54.3–1.3<3)’ 00–0.0(5)’ 00–00(3)’ 42.2–1.3(3)’ 
7 17.41 7.9(3)’ 00 – 00(4)’ 50 – 0.0(4)’ 00 – 0.0(4)’ 
80.0 – 00(4)’ 00 – 00(4)’ 00 – 0–44)’ 00 – 0.0(4/’ 
9 0.0 

* 00(3)’ 00 – 00(4)’ 0.9–00(4)’ 00 – 0.0(3)’ 
10 0.0 – 00(3)’ 0.0.000(4)’ 0.0.00.0(4)’ 00 – 0.0)3)’ 
Il 0.0 – 00(4)’ 00–50(4)’ 00–0144)’ 00–0.0(4)’ 
12 On 

– 50(3)’ 00–00(3)’ 00 – 0143)P 0.0 – 6.0(3/’ 

’Ptaorkts were pteiarabasud ,rith 00000 (0.3%, sonftot) or )o.carlhylra,r.ybcayrrrtactorno 
(100 9g/tat) sri?’ trw 3 ma and da taSte nra M. ddo* Precr,rrag000feggnatn  art 

astat rfr000dms 
o ralson   

’onSigronaiflraedor 

yn daniffaesr e–n te  p0<Om1l TABLE 2 E,, 

visors of a.mrticy1rnr.4o0’ro1aa*acwa on Site 
piantor aggregueionc ire/toad by Th(0.s U/nd), 
AA(100 ag/ni), Cot (10 aglmt), nat PAP (2 rSt) 

12 

-continued 
23 

N R, Mc. 60%p 

30 

Coup/n 33w AA CO] PAP 

1 >50 >50 >70 >50 
2 sOur 2.56 ND 36.01 
3 

>20 

26.ta 
ND >50 

4 
ND 

1.27 ND 5.70 
3 ND 10.53 ND ND 
6 >2) 8.30 NI) >50 
7 >50 23.95 27.25 4726 
813.78 4.70 4.76 11.13 

9 13.69 6.31 5.17 12.37 
10 >50 17.51 16.24 39.36 

11 1428 4.44 3.76 10.50 
12 NI) 4.19 ND 19.82 

8OI t7etrarsinrd 

We clatsec 

I. A compound represented by the general formula I-Ill 
as follow: 

CO Ociti-Lai 

Per the formula I, R is a methyl, a phenyl group 
optionally substituted with one or two group selected 
from halide, (CO-C,) alkyl, (C5-C4) alkoxy, phenyl, 

35 
nitro, amino; 

For the formula II, R is a methyl, a phenyl group 
optionally substituted with one or two group selected 
loom halide, (C1-C,) alkyl, (C5-C4) alleoxy, phenyl, 
nitro, amino; R, represents hydrogen, halide, (C1-C) 

40 alkyl, phenyl, nitro. amino; It, represents hydrogen, 
halide, (C5-C4) alkyl, phenyl, nitro, amino; 

For the formula lii, It5 is a methyl, a phenyl group 
optionally substituted with one or two group selected 
from halide, (C5-C4) alkyl, (C1-C4) alkoxy, phenyl, 

45 nitro, amino; H.4 represents hydrogen, hydroxy, 
(C5-.C,) alkyl. 

2. A compound as daim 1, formula I, wherein It5 is a 
methyl, a phenyl group optionally substituted with one or 
two group selected from halide, (C5-C,) alkyl, 

(C,-C,) 

So alkoxy, phenyl, dan, amino. 
3. A compound as claim I, formula Il, wherein R5 is a 

methyl, a phenyl group optionally substituted with one or 
two group selected from halide, (C1-4C,) alkyl, (C5-05) 
alkoxy. phenyl, nitro, amino; R, represents hydrogen, 

, halide. (C5-C) alkyl, phenyl, nitro, amino; H, represents 
hydrogen, halide, (Cs-C,.) alkyl, phenyl, nitro, amino. 

4. A compound as claim 1, formula Ut, wherein It5 is a 
methyl, a phenyl group optionally substituted with one or 
two group selected from halide, (C5-C,) alkyl, 

(C,-C,) 

n alkoxy, phenyl. nitro, amino; It represents hydrogen, 
hydroxy, (C5-C4) alkyl. 

5. A method of treating platelet aggregation in an animal 
comprising the steps of administrating any compound of 
claim I or their pharmaceutically acceptable salts in an 

65 amount effective to inhibit platelet aggregation. 

0 
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(54) Title: INHIBITION OF FATTY ACID SYNTHASE AS A MEANS TO REDUCE ADIPOCYTE MASS 

(57) Abstract 

Weight loss was noted in nude mice treated with cerulenin, a non-competitive inhibitor of FAS. Sustained reduction of adipocyle 

mass in humans without toxicity would significantly impact disease prevention worldwide. Aside from psychological and self-esteem 

improvement, weight loss via reduction of adipocyte mass may: (1) ameliorate hyperglycemia associated with non-insulin-dependent 

diabetes mellitus thereby reducing diabetic complications such as arterial disease, blindness, cataracts, etc., (2) reduce hypertension, (3) 

reduce risk of coronary artery vascular disease and stroke, and (4) reduce the risk of other complications of massive obesity such as 
osteoarthritis, surgical complications, etc. There is also potential use in livestock and poultry to reduce the saturated fat content of meat 

products. Therefore FAS inhibitors are disclosed herein as novel agents for weight reduction. A family of compounds (’’-substituted-o-

methylene-fi-carboxy-7-butyrolactones) whose synthesis was based on the cerulenin motif is shown herein to inhibit fatty acid synthesis, 

inhibit growth in certain susceptible tumor cells, and induce weight loss. 
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BRIEF DESCRIPTION OF THE FIGURES 

PCTUS96F17678 

Figure 1 shows induction of weight loss in nude mice by cerulemn. 

Figure 2 shows cerulemu-induced weight loss in nude mice 

inoculated with OVCAR-3 cells. 

5 Figure 3 shows C-75 inhibition of acetate incorporation into 

acylglycerides by HL60 cells. 

Figure 4 shows C-75-induced weight loss in nude mice inoculated 

with OVCAR-3 cells and monitored for 40 days. 

Figure 5 shows rescue of HL60 cells from C-75 inhibition by 

10 exogenous fatty acid. 

Figure 6 shows C-75-induced weight loss in nude mice inoculated 

with OVCAR-3 cells and monitored for 19 days. 

Figure 7 shows Kaplan-Meier Survival Curves for nude mice 

inoculated with OVCAR-3 cells with or without C-75 treatment. 

15 Figure   shows maximum weight loss vs. survival for individual mice. 

Figure 9 shows Kaplan-Meier Survival Curves for nude mice 

inoculated with OVCAR-3 cells with or without a single C-75 treatment. 

DETAILED DISCLOSURE OF THE INVENTION 

20 This invention describes: [I] the use of inhibitors of fatty acid 

synthase (E.C. 2.3.1.85, FAS), such as the inhibitor cerlenin, as a means to 

reduce body weight; [2] the synthesis of a family of compounds (a-

methylene-41-carbo)W-y-butyrolactones) which are fatty acid synthesis 

inhibitors; [3] the use of a-methylene4-carboxy-y-butyrolactone fatty acid 

25 synthesis inhibitors as a means to treat tumor cells expressing FAS; [4] the 

use of a-methylene--carboxy-y-butyrolactone fatty acid synthesis inhibitors 

as a means to reduce body weight; and [5] the use of any fatty acid synthase 

inhibitors to systematically reduce adipocyte mass (adipocyte cell number 

or size) as a means to reduce body weight 

30 
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Table 2. Effects of decreased intracellular fat storage and reduction in 
adipocyte mass 

� Weight loss without muscle loss 
5 � Reduction in hepatic fat 

� Increased insulin responsiveness (especially in Type II diabetes 
mellitus) 

� Decreased blood pressure 

� Decreased arterial vascular disease 
10 � Decreased susceptibility to liver injury associated with fatty change, 

including endotoxm mediated liver injury 

The method of the present invention for inducing weight loss is 
applicable to animals, including vertebrates, especially mammals. Animals 

15 particularly contemplated include food animals such as poultry, swine, 
cattle, sheep, and other animals where reduction in fat accumulation without 
reduction in muscle mass may be desirable for veterinary health or economic 
reasons. Similarly, FAS inhibitors may be administered according to the 
method of this invention to dogs, cats, horses and other annuals for 

20 veterinary health reasons, particularly reasons analogous to the reasons given 
herein for medical therapeutic use of this invention. Dosing protocols for the 
FAS inhibitors according to this method may be adapted to various animals 
from the medical procedures and the in vitro and in vivo data provided 
herein, in view of standard veterinary pharmacological principles. 

25 Generally, this method will not be applied to lactating animals. 
Treatment according to this invention involves administering a 

compound according to this invention (an FAS inhibitor and/or an a-
methylene-[l-carboxy.y-butyrolactone) to the subject of treatment. The 
pharmaceutical compositions containing any of the compounds of this 

30 invention may be administered by parenteral (subcutaneously, 

0 0 
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intramuscularly, intravenously, intraperitoneally, intrapleurally, 

intravesicularly or intrathecally), topical, oral, rectal, or nasal route, as HOOC 
necessitated by choice of drug and disease. 

Therapeutic compounds according to this invention are preferably 
R’\0 /O 

5 formulated in pharmaceutical compositions containing the compound and a 5 
pharmaceutically acceptable earner. The concentrations of the active agent S2  
m pharmaceutically acceptable carriers will depend on solubilities. The dose g 
used in a particular formulation or application will be determined by the Simple molecular modeling exercises and structure-based searches 
requirements of the particular type of disease and the constraints imposed by based on the mechanism outlined above and in the key chemical elements 

10 the characteristics and capacities of the earner materials. The - (I) 10 noted above have yielded a small number of lead compounds, some known 
pharmaceutical composition may contain other components so long as the to possess FAS inhibitory properties specifically or antimicrobial/antitumor 
other components do not reduce the effectiveness of the compound activities more generally. Among these was a group of a-methylene lactones 
according to this invention so much that the therapy is negated. of the general structure S2: protolichesteric acid (S2, R = C13H27) (Berdy, 
Pharmaceutically acceptable carriers are well known, and one skilled in the3 J., 1982, "Anonymous Handbook of Antibiotic Compounds", CRC Press, pp. 

15 pharmaceutical art can easily select carriers suitable for particular routes of 15 39-53), alio-perusaric acid (S2, R = C1H26 COCH3) (Huneck et aL, 1986. 
administration (see, e.g., Remington’s Pharmaceutical Sciences, Mack Phyzochem., 25:543-549), nephromopsinic acid (S2, R 

= CiiHn) (Berdy, 
Publishing Co., Easton, PA, 1985). Dose and duration of therapy will 1982) and methylenolactocin (S2, R 

= C3H,) (Park et al., 1988, Antibiotics, 
depend on a variety of factors, including the therapeutic index of the drugs, 41:751-758). The last of these compounds, for example, has been isolated 
disease type, patient age, patient weight; and tolerance of toxicity. Dose will from a Peniciiium species and found to possess antibacterial and antitumor 

20 generally be chosen to achieve serum concentrations from about i ug to 20 activity ((Park et al., 1988), but the mechanism(s) of action is/are not 
about 100 ig/ml, typically 0.1 g/ml to 10 jigliml. Preferably, initial dose understood. A series of derivatives of S2 containing side chains (R) of 
levels will be selected based on their ability to achieve ambient various lengths has been synthesized by the present inventors in recognition 
concentrations shown to be effective in in-vitro models, such as that used to of the carboxylic acid and the suitably-placed electrophilic a-methylene 
determine therapeutic index, and in-vivo models and in clinical trials, up to lactone as potential inactivators of the ketosynthase of FAS. 

25 maximum tolerated levels. Standard clinical procedure prefers that 25 A considerable body of synthetic information exists to prepare 
chemotherapy be tailored to the individual patient and the systemic compounds of this structural type (Murta et al., 1993, J. Org. Chem., 
concentration of the chemotherapeutic agent be monitored regularly. The 58:7537-7541; Azevedo et al., 1992, 1 Org. Chem., 57:4567-4569). 
dose of a particular drug and duration of therapy for a particular patient can Prominent among these was an impressively efficient route to the specific 
be determined by the skilled clinician using standard pharmacological class represented by S2 reported by Carlson and Oyler (Carlson et al., 1976, 

30 approaches in view of the above factors. The response to treatment may be 30 J. Org. Chem., 41:4065-4069). In this synthesis the dianion of 4-

0 16 
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methoxybenzyl itaconate (S3) can be condensed with aldehydes (S4) of 

various chain description (R) to give in one step, after rapid exposure to 

strong acid, the desired a-methylene lactone carboxylic acid S2. Both the 

trans- and cis-isomers are generated slightly favoring the former. These 

5 diastereomers may be separated by flash silica gel chromatography using 

ethyl acetate:hexanes:acetic acid (30:70:1) as eluent and individually 

crystallized from boiling hexanes. 

A series of derivatives of S2 has been prepared containing saturated 

alkyl, unsaturated alkyl and aryl-containing side chains (R)( e.g., -C6 Hn - 
10 C71-115 -C,H,, C9H19, -C,,H, and -C13H). Based on their 

in 

vi/ro biological 

activity against HL60 cells, human breast cancer cell lines, and normal 

fibroblasts, the S2 compound with R = -05H1, was chosen as a representative 

compound for further study. This compound, designated C-75 herein, 

coincidentally has an alkyl side chain approximately the length of cerulenin. 

15 C-75 has been prepared in crystalline form. For biochemical studies, 

radiolabeled S2 is readily accessible from the iritiated aldehyde S4 (H* = 

3H), which is in turn easily available by reduction with sodium 

borohydride(3H) and reoxidation to the aldehyde. A substantial kinetic 

isotope effect in the latter reaction is well known and leads to high retention 

20 of the heavy isotope as demonstrated in earlier work from this laboratory 

(Townsend et al., 1986, .1 Chem. Soc. Chem. Commun., 638-639). If higher 

specific radioactivity is required, more elaborate catalytic tritiation of a 

carbon-carbon double bond could be carried out to give the aldehyde at very 

high specific activity. 

25 The preparation of these compounds and survey of various structural 
types may be nable to combinatorial methods by use of the resin 
supports S5 and S6. 

WO 97/18806 
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o - EJ 
FD)L1 mva 

S5 S6 

Esterification with itaconic anhydride would yield the ester corresponding 

to S3 ready for dianion formation and reaction with aldehydes S4. 

Unreacted aldehyde can be washed from the resin and the product obtained 

5 by acidification to cause cyclization to the lactone S2 and regeneration of the 

resins S5 and S6. Structural types of aldehydes represented above and by 

others should be assayed as described below to exclude inactive forms. 

Alpha-methylene$-caiboxy-y-butyrolactones, including tetrahydro-

3-methylene-2-oxo-5-n-octyl-4--furancarboxylic acid (C-75), are easily and 

10 inexpensively synthesized and can be radiolabeled to high specific activity 

for in vivo phannaokinetic analysis. Like cerulenin, C-75, and similar a-

methy1ene-1-carboxy-y-butyrolactones, will effectively inhibit the growth 

of tumor cells in vivo, particularly those such as OVCAR-3 cells which 

express high levels of FAS, and these compounds can be used in treating 

IS cancers containing such cells (see U.S. patent application No. 08/188,425, 

incorporated herein by reference). 

EXAMPLES 

In order to facilitate a more complete understanding of the invention, 

20 a number of Examples are provided below. However, the scope of the 

invention is not limited to specific embodiments disclosed in these 

Examples, which are for purposes of illustration only. 

10 
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Example Example lB. Preparation of a-methylene lactone derivatives�typical 

procedure 

COOH - CLi 

- -c-- .-� - 

L1 

10 
oocJ 

HOOC 

-Z;-- CI0 + ’CO 
821 (cL) 

82 (fr.,,) 

Lithiumhexamethyldisilyl amide (40 ML, IM, 40 mmol) was added to a 

15 solution of 20 inniol of the itaconate half ester in 200 ML of anydrous THF 

cooled at -78 °C. After stirring for lb, 20 mmol of the aldehyde (RCHO 

dissolved in 10 mL of anhydrous THF) was introduced to the reaction 

mixture through a cooled (-78 °C) cannula. After the addition, the solution 

was stirred as -78 °C for 3-4 h, and then the reaction was quenched with 20 

20 mL of 6N H2SO4 and immediately extracted into either (250 mL). The 

ethereal solution was dried over anhydrous MgSO4. The solution was 

filtered and evaporated under reduced pressure yielding a gummy solid. 

This erode product was taken up in CH2Cl2 (11)0-125 mL) and treated with 

1.5 nil, of trifluoroacetic acid. The mixture was stirred at room temperature 

25 for 10-12 h. Aqueous NaHCO3 (100 mL) was then added to the reaction and 

the layers were separated. The bicarbonate layer was acidified to pH 1 with 

conc. HC 1 and extracted with ether (2 x 100 mL). The organic layers were 

dried over anhydrous MgSO4, filtered and evaporated under reduced pressure 

to yield the a-methylene lactones as a mixture of cis- and tram-
30 diastereoisomers as a white solid in overall yields ranging from 58-67%. 
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The predominant trans-isomer (55-6016) was separated by flash column 

chromatography using silica gel (ethyl acetate:hexanes:acetic acid 30:70:1). 

The products were further purified by recrystallization from boiling 

heaxanes. 

Example-- IC. trans-Tetrahydro-3--methylene-2-oxo--S-n-octyl-4-

furancarboxylic acid (C-75) 

HOOC 

NJ ( 

10 xnp 76-77°C (hexane); JR (film) 3000-3400, 2924, 2852, 1743, 1717, 1660, 

1621, 1460 cm!; ’H NMR (CDCI3) ô 0.84 (t, 311,1=6.8 Hz), 1.2-1.8 (m, 

1411), 3.59 (dt, IH, 1-2.8, 5.6, 12.8 Hz), 4.77(q, lH, 1=6, 12.8 Hz), 6.0 

(d, 111,1=2.8 Hz), 6.4 (d, 1H, 1=3.2 Hz); ’3C NMR (CDCI1) 8 14.0, 22.6, 

24.7, 29.1, 29.14, 31.7, 35.1, 49.4, 78.7, 125.9, 132.2, 168.1, 174.5; exact 

15 mass: calculated = 254.1518, found = 254.1514. 

cis-isomer: mp 74-75.5 °C (hexane); JR (film) 3000-3400, 2922, 2855, 

1748, 1713, 1663 cm’; ’H NMR (CDCI3) 80.7 (b, 311), 1.2-1.8 (b, 1411), 4.0 

(dt, IH,J=2, 7.6 Hz), 4.6 (q, IH, 3= 5.6, 7.6 Hz), 5.9 (d,J2.4 Hz), 6.4 

20 (d, IH,J=2.0 Hz); ’1C NMR (CDCI3)8 14.0, 22.6,25.5,29.1,29.14,29.3, 

31.3, 31.7, 48.8, 78.0, 125.7, 133. 1, 168.8, 174.4. 

25 

Example 1D. trans-Tetrahydro-3-methylene-2-oxo-5-n-hexyl-4-

furancarboxylic acid 

46 
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JR (neat) 3000-3400, 2953, 2852, 1743, 1717 1660, 1256, 1460 cm1; ’H 

NMR (CDCI3)Ô 0.8(bt, 3H) 1.20-1.81 (in, IOH), 3.59(dt, IH,J= 2.8,5A 

Hz), 4.76 (q, 1H, ./=6.0,2.8 Hz), 5.91 (d, IH, J= 2.8 Hz), 6.42 (d, 111, J 
5 = 2.8 Hz); ’3C NMR(CDCI3)Ô 13.9, 22.4, 24.6,28.7, 31.5, 35.6, 49.4, 78.9, 

126.0, 132.2, 168.4, 174.5. 

Cis isomer: JR (neat) 3000-3400, 2922, 2855, 1748, 1713, 1663, 1466 cm’; 

’H NMR (CDCI3) ô 0.7 (b, 3H), 1.2-1.8 (b, 1011), 4.0 (bd, 111, J = 7.6 114, 

10 4.6(q, IH,J"5.6,7.611z),5.9(d,J=2.4Hz)64(d IH,J=2.4Hz). 

Example JE. fras*s-Tetrahydro-3-methytene-2-oxo-5.nhepty1..4 

furancarboxyhc acid 

HOOC ) 

15 JR (neat) 3000-3400,2960,2840,1747,1654,1460 em-’; ’H NMR (CDC],) 
ô 0.7 (b, 311), 1.3-1.8 (in, 12K), 3.6 (dt, IH, .1 2.8, 5.6 liz), 4.79 (q, IH, 

J= 5.6, 12.8 Hz), 6.0(d, IH,J" 2.4 Hz), 6.45 (d, 111, J 2.8 Hz). 

WO 97/18806 
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Irans-Tetrahydro-3-methy1ene-2-oxo-5-n-nol-4-

HOOC 

JR (film) 3000-3400, 2924, 2852, 1743, 1717, 1660, 1460 cm’; ’H NMR 

5 (CDCI3) ô 0.84 (t, 311, J’ 6.8 Hz), 1.2-1.8 (m, 1611), 3.59 (dt, 111, J = 2.8, 

5.6 Hz), 4.77 (q, 111, J = 6, 12.8 Hz), 6.0(d, IH, J = 2.8 Hz), 6.4(d, IH, I 

= 3.2 Hz); ’3C NMR (CDCL3) 6 14.1, 22.6, 24.7, 29.1, 29.2, 29.23, 29.3, 

29.4, 31.8, 35.7, 49.4, 78.8, 126.0, 132.2, 168.1, 174.7. 

10 

Example 1G. trans-Tetrahydro-3-meihylene-2-oxo-5-n-undecyl4-

furancarboxylic acid 

HOOC j 

\/\’ 

JR (film) 3000-3400, 2924, 2852, 1745, 1717, 1660, 1460 cm’; ’H NMR 

15 (CDCI3) 6 0.84 (t, 3H, J= 6.8 Hz), 1.2-1.8 (in, 2011), 3.6 (dt, IH, J’= 2.8 Hz, 

5.6 Hz), 4.77 (q, IH,J=2.S,5.6, 12.8liz),6.0(d, IH,J2.SHz),6.4(d, 

IH, 1= 2.8 Hz); ’3C NMR(CDCI3) 8 14.0, 22.6, 24.77 29.1, 29.19, 29.3, 

29.4, 29.47, 29.5, 31.8, 35.7 49.4, 78.8, 126.0, 132.2, 168.3, 174.8. 
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Example Example IH. rans-Tetrahydro-3-methylene-2-oso-5-n-tridecyl-4_ 

furancarhoxylic acid 

HOOC .1 

IR (film) 3000-3400, 2919, 2850, 1749, 1719, 1661, 1467 cm’; ’H NMR 

5 (CDC],) 80.84 (t, 3H,J = 6.8 Hz), 1.2-1.8(m, 20H), 3.60(dt, 111, J = 2.8 

Hz, 5.6 Hz), 4.77 (q, 111, J= 5.6, 12.8 Hz), 6.10 (d, 11-1, J = 2.8 Hz), 6.4 (d, 

IH, J = 2.8 Hz); 17C NMR (CDCI3) 8 14.0, 22.6, 24.7, 29.1, 29.2, 29.3, 

29.38, 294, 29.48, 29.5, 29.58, 29.62, 31.8, 35.7, 49.4, 78.8, 125.9, 132.3, 

168.3, 174.8. 

10 

Example 11. trans-Tetrahydro-3-methylene-2_oxo_5_(3E, 6E-octadieny)-

4-furancarbozylic acid 

HOOC 

IR (neat) 3000-3400, 2924, 1743, 1717, 1660, 1610, 1465 cm-’; ’H NMR 

15 (CDCI3)d 1.61 (d, 3H), 1.70-2.25 (m, 411), 2.65 (m, 211), 3.61 (dt, IH,J 

2.8, 5.6 Hz), 4.80 (q, 1H, J = 5.5, 12.6 Hz), 5.2-5.4 (m, 4H), 6.05 (d, IH, .J 

= 2.8 Hz), 6.38 (d, IH, .J0=2.811z). 
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Example Example Ii. trans-Tetrahydro-3-methylene-2-oxo-5-(3E-4-(3-

tluorophenyl))but-3-enyl-4-furancarboxylic acid 

HOOC 

F, 

I1 

IR (neat) 3000-3400, 2917, 2877, 1749, 1717, 1660, 1500 cm’; ’H NMR 

(CDCI3) 8 1.80-2.65 (m, 2H), 3.60 (dl, IH, J = 2.8, 5.6 Hz), 4.80 (q, 1H, J 

5 = 5.5, 12.6 Hz), 6.04-6.42 (m, 411), 6.75-7.38 (m, 411). 

Example 2. Cerulenin induces weight loss in athymic nude mice. 

Athynnc mice received 60 mg’lcg cerulenin i.p. in 25% DMSO/saline 

or vehicle alone each day for I week. The animal weights were recorded 

10 every two days up to day 15. Average animal weight for both groups of 

mice is plotted against treatment day in Figure 1. Error bars represent 

standard error of the mean. Intraperitoneal administration of cerulenin for 

seven days to nude mice resulted in an average 28% loss of weight by day 

eight, with mice returning to 96% of their original weight by day 14 (Figure 

15 1). In addition there was a 281/o reduction of feces mass in the cerulenin-

treated group consistent with deceased food intake. Water intake was not 

appreciable altered. Observation of the mice showed normal activity even 

during the period of maximal weight loss. 

Necropsy of treated animals from a parallel experiment showed 

20 markedly decreased subcutaneous fat and abdominal fat deposits, and 

reduced liver volume consistent with reduction in hepatic fat accumulation. 

Microscopically, the liver was unremarkable without necrosis or 

inflammation but cenilenin-treated animals had an absence of the fat droplets 

I 
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Como resultado del examen de fondo, realizado con fundamento en el artIculo 45 de 
Ia DecisiOn 486 de Ia ComisiOn de Ia Comunidad Andina, se le comunica: 

1. Documentos estudiados 

Descripciôn: Folios 45-90 
y 

108 como se radicO inicialmente 
Folios 150-194 modificada en fase Nacional 

Reivindicaciones: Folios 91 a 107 como se radicó inicialmente 
Folios 195-200 modificadas en fase Nacional 

Prioridad: Folio 1 13-06-2001, US, 60/297875 
Respuesta del solicitante Folios 144-147 radicada en fase Nacional 

2. Objeto de Ia invención 

Titulo de Ia solicitud: Lactonas y composiciones farmacØuticas de las mismas (folio 145) 

El problema tØcnico planteado en esta solicitud es Ia necesidad de encontrar 
nuevos compuestos derivados de lactonas, que sean ütiles como agentes anti-
infecciosos (antibacteriales, antifüngicos) y/o antiproliferativos para ser usados en 
composiciones farmacØuticas en el tratamiento de diversas condiciortes como ulcera 
pØptica, gingivitis, periodontitis y diferentes tipos de cancer (folios 45-47; pÆg. 1-3). 

Para solucionar este problema tØcnico Ia solicitud en estudio proporciona una 
composiciOn farmacØutica que contiene una alfametilen-gamalactona de formula Ia. 

RI 

RR4
 z 

X 

Ia R5 Re 

 El objeto de Ia presente invenciOn se relaciona con Ia ClasificaciOn internacional de 
Patentes (I PC): A61   31/365, C07D305/12, A61 P31/04, A61P31/10, A61 P35/00. 
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3. De la solicitud de Patente (Art 14 D486) 

Reivindicaciones (artIculo 30 D 486) 

Se solicita en las reivindicaciones 1-21, una composiciOn farmacØutica que 
comprende una alfarnetilen-garnalactona de formula la, con radicales R1 a R6 y 
variables X y Z; sin embargo, se encuentra que existe falta de claridad, concision y 
soporte en tat materia reclamada, puesto que: 

- TØrminos generales y ambiguos como "aiquilo, alquenilo, aiquinilo, ciclos, arilo, 
heteroarilo, alcoxi, aroxi, alquiltio, ariltio, poliarilo, heterociclilos, aminoÆcidos, 
pØptidos y polipØptidos" y diversos grupos "sustituidos" sin definir por cuÆles 
sustituyentes, no permiten dar claridad, concisiOn y alcance definido a la materia 
reclarnada; siendo entonces necesario que tales tØrminos sean definidos de 
acuerdo con el compuesto de formula la que se encuentra en las corn posiciones 
que soportan la invenciOn. 

Asimismo, se encuentra que el compuesto 
° 

: a-metilen-y-butirolactona 
denominado LSMV-6 (folio 160; pÆg. 11), es el Onico compuesto probado en 
ensayos de actividad antibacterial, antineoplÆsica y antiftingica (folios 176,178, 
181, 185,186, 191; p6g. 27,29, 32, 36, 37,42). 

- Se define cada una de las variables Z y X como un heteroÆtomo de 0, S o N; 
pero, no es clara la expresiOn "agrupados en formas estructurales lineales, 
ramificadas o cIclicas"; es necesario revisar y corregir de acuerdo el compuesto 
de formula la que se encuentra en las cornposiciones que soportan la invenciOn. 

- En (as reivindicaciones 3-9, 18 y 21 no es adecuada (a caracterizaciOn de una 
formulaciOn por ser "para tratar" diversos trastornos allI senalados; ya que una 
composiciOn farmacØutica sOlo debe caracterizarse por los elementos que la 
comprenden, como son el agente activo, excipientes y proporciones Si es 
necesario. Por tanto, se recomienda eliminar estas reivindicaciones. 

- En las reivindicaciones 10-11, se define inadecuadamente el pórtador 
farmacØuticamente aceptable por la forma farrnacØutica (tableta, capsula, 

� solución, crema, lociOn, etc.), ya que un portador o vehIculo estÆ referido es a los 
excipientes que permiten lograr una forma farmacØutica dada; es necesario 
revisar y corregir. 

En las reivindicaciones 12-13 y 17 se define inadecuadamente la composiciOn 
farrnacØutica por los mØtodos de aislar o de producir la lactona; ya que una 
composiciOn farmacØutica sOlo debe caracterizarse por los elementos que (a 
comprenden, como son el agente activo, excipientes y proporciones Si es 
necesario. Por tanto, se recomienda elirninar estas reivindicaciones. 

Se requiere at Solicitante hacer las aclaraciones necesarias. 

4. Determinación del Estado de (a TØcnica 

Considerando que la fecha de presentaciOn de la primera solicitud de patentees 21-
01-2005, se buscaron documentos del estado de la tØcnica relacionados, con fecha 
de publicaciOn anterior a Østa. 
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No Documento Titulo 
Fechade 

Publicación 
Dl US5962460 Antineoplastic a-methylene-y-butirolactones 05-10-1999 

02 Bibliografia 1 Synthesis and biological activity of a- 1985 
methylene-y-butirolactones  

D3 Bibliografia 2 
Molecular recognition in allergic contact 1990 

dermatitis to natural products  

D4 US5646164 
a-methylene-y-butirolactones: new 08-07-1997 

inhibitors of platelet aggregation  

D5 W09718806 
Inhibition of fatty acids synthase as a 29-05-1997 

means to reduce adipocyte mass 

Anterioridad DI en folios 203-205, D2 en folios 206-214, 03 en folios 215-218, D4 en folios 219-222 y 05 en folios 223-229. 

Bibliografla I H. M. R. Hoffmann and Jurgen Rabe; "Synthesis and Biological Activity of ri-Methylene-

’-butyrolactones"; Angewandte Chemie International Edition in English, Volume 24, Issue 2, pages 94-

110, February 1985. 

BibliografIa 2: Claude Benezra; "Molecular recognition in allergic contact dermatitis to natural 
products"; Pure & Appi. Chem., Vol. 62, No. 7, pp. 1251-1258, 1990. 

Dl se refiere a a-metilen-y-butirolactonas de formula I con actividad antineoplÆsica 
las cuales pueden ser administradas con un diluente inerte o un vehIculo 
farmacØuticamente aceptable, en el tratamiento de enfermedades neoplÆsicas (folio 
203; portada). 

D2 se refiere a Ia sIntesis y actividad biológica de a-metilen-y-butirolactonas [dihidro-
3-metilene-2(3H)furanonas] las cuales constituyen un importante grupo de productos 
naturales y que poseen un amplio rango de actividades biolOgicas (foIi9 206; pÆg. 
94) 

D3 se refiere a las estructuras quImicas de alergenos (o haptenos) naturales de Ia 
piel, particu larmente 13-sustituida-a-metilen-y-butirolactonas, tales como tulipalinas B, 
las cuales han sido sintetizadas y ensayada su actividad alergØnica (folio 215; pÆg. 
1251). 

SD4 se refiere a tres clases de a-metilen-y-butirolactonas, de formula I, II y Ill, como 
inhibidores de Ia agregaciOn plaquetaria, sus mØtodos de preparaciOn y su 
administraciOn oral o parenteral en vehIculos farmacØuticamente aceptables en el 
tratamiento de enfermedades card iovasculares (folio 219; portada). 

D5 se refiere a una familia de compuestos de y-sustituidas-a-metilen-f3-carboxi-y-
butirolactonas, como inhibidores de Ia sIntesis de Æcidos grasos y su uso en el 
tratamiento de cØlulas tumorales (folio 223; portada). 

5. AnÆlisis de patentabilidad (artIculo 14 D486) 

Novedad (artIculo 16 D486) 

Se solicfta en las reivindicaciones 1-21, una composición farmacØutica que 
comprende una alfametilen-gamalactona de formula Ia. 
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2,1 
Comparacion de las caracteristicas tØcnicas esenctales, con las del Estado de La TØcnlca. 

SOLICITUD DI 
ComposiciOn farmacØutica que Composicióri farmacØutica que comprende 
comprende (folios 203-204; col. 2-3) 
una alfametilen-gamalactona (a- una a-metilen-y-butirolactona de formula I, II, III 0 IV de acuerdo 
metilen-y-butirolactona) de formula la con el radical R. 

la R1 

X: 0 Z: 0 (folios 203; col. 2) 
R1 a R4: H cada uno  
R5: H, metilo, fenilo o fenilo sustituido Ri: H, metilo, fenilo o fenilo sustituido 

o"Llct: CH9X: 
R6: alquilo sustituido R: - I 

; ° ° 

LI;III 

fenilo sustituido 
IV (folios 203; col. 2) 

SOLICITUD D3 
Composiciôn farmacØutica que Composición farmacØutica que comprende 
comprende (folio 217; 1256) 
una alfametilen-gamalactona (a- una a-metilen-y-butirolactona de formulas: 

mefilen-y-butirolacfona) 

de formula a 

RX 

la 10 

X:0 Z:0 (folio 217; 1255) 

R3 
y 

R5: alquilo cada uno 
R1, R2 R4, R6, H cada uno  
X:O Z:O 
R1 a R5: H cada uno AcO 

R6: alquilo sustituido 
; ’ 

(folio 216; 1254) 
X:O Z:O 0 

a R4: H cada uno 
R5 y R6: forman cicloC1.20 (folio 216; 1254) 
X:0 Z:0 
R1 a R5: H cada uno 
R6: alquilo sustituido 

° 6 (folio 216; 1254) 
X:0 Z:0 
R3: alquilo 
R1, R2, R4, R5   R6, H cada uno 14 (folio 217, 1255) 

SOLICITUD D4 
Composiciôn farmacØutica que Composicion farmacØutica que comprende 
comprende (folios 220; col 2) 
una alfametilen-gamalactona (a- una ci-metilen-y-butirolactona de formula I, II o Ill, de acuerdo con 
metilen-y-butirolactona) de formula la el radical R. 

R/ \. \ 

R. 
Ia: 

o 4 R, 

X: 0 Z: 0 (folios 22; col 12) 
R1aR4:H cada uno ’t 
R5: H, metilo, fenilo o fenilo sustituido R1: metilo, fenilo o fenilo sustituido 

"°° 
R6: alquilo sustituido R: I 

; 

LI ;° Ill 

(folios 222; col. 12) 
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SOLICITUD D5 
IF 

ComposiciOn farmacØutica que Composición farmacØutica que comprende 
comprende (folio 225; p6g. 11) 
una alfametilen-gamalactona (a- una a-metilen-t3-carboxi-y-butirolactona de formula S2 (folio 225; 

metllen-y-butirolactona) de formula la p6g. 16) 

hil

 

X:O Z:O S2 

R4: carboxi (-COOH) 
R1a R3, 

y 

R5: H cada uno  
R6: alquilo R: alquilo 

alquilo sustituido alquilo sustituido por arilo 
aiquenilo aiquenilo sustituido por fenilo 
alquilo sustituido (folios 226, 227-229; p6g. 17, 20-25, ej. IB-1J) 

Se encuentra que una composiciôn como  la reclamada que comprende una a-
metilen-y-butirolactona de formula la, ya habla sido divulgada en Dl, D3, D4 y D5, 
puesto que Østos documentos enseæan composiciones que comprenden una a-
metilen-y-butirolactona con las caracterIsticas esenciales indicadas en la soticitud, tal 
como se muestra arriba en los cuadros comparatvos. 

En consecuencia, de acuerdo con lo divulgado por DI, D3, D4 y D5, la composición 
reclamada en las reivindicaciones 1-21, no cumple el requisito de novedad. 

Nivel inventivo (artIculol 8 D486) 

Para las otras composiciones solicitadas (no afectadas por novedad) en las 
reivinthcacones 1-21, que comprenden otras a-metilen-y-butirolactonas de formula 
la, se encuentra: 

SOLICITUD D2 
Composiciôn farmacØutica que 
comprende  
una alfametilen-gamalactona (a- a-metiien-y-butirolactonas 
metilen-y-butirolactona) de formula la 

R5e Ia U C) 
X:O Z:0 
R1 a R5: H cada uno 

tulipalina A (folio 207; p6g. 96) 

X:O Z:0 
R1aR3yR5aR6:H cada uno How 

"O 

’ çot 

0 R4:OHo-COOH 
tulipalina B (folio 207, pAg 96) (folio 209, p6q 100) 

X:O Z:O 
RIaR3yRS:H cada uno 
R4 y R6: fprman ciclos hasta C20 sin 

0 

2 sustituir 0 sustituidos 
la 0lb; 

(folio 208; p6g. 98) 

0’ 

0 

Vernolepina Aromaticina Elefaritopina (folio 206; p6g. 95) 

IT 

Helenalina Eremantiria (folio 207, p6g. 96) 
X:O Z:O 
R1 a R5: H cada uno 

}’ 

R6: alguilo sustituido o fenilo 
; 

(folio 208; p6g. 98) 
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X:O Z:O 
R1 R4: H a o aiquilo cacla uno 
Rsy R0: alquilo a ferfflo Ph 

EFECTO 
(folio 209, pÆg 101) (fo’io 209, pàg 100) 

Composiciones con agentes activos 1 Agentes activos antihacteriales, antifüngcos 
y 

antiprolferativos 
anti bacteria les, antifüngicos 

y 

1 (folios 206-207; pÆg. 94-96), que pueden tener un uso 
antiproliferativos (folio  [farmacØutico enlamediciJ13;a.Jç_______________ 

El estado de la tØcnica mÆs cercano es D2 que divulga que diversos compuestos de 
estructura quimica basada en el nücleo a-metilen-y-butirolactona, incluyendo 
compuestos de formula la contendidos en la composiciôn reclamada, tal como se 
muestra arriba en el cuadro comparativo; indicando D2 que tales compuestos son 
agentes activos antibacteriales, antifüngicos y antiproliferativos que pueden tener un 
uso farmacØutico en la medicina. 

La diferencia de la solicitud con D2 es que seæala especfticamente una composiciôn 
farmacØutica que comprende una cx-metilen-y-butirolactona de formula la (diferente a 
las contendidas en las composiciones afectadas por novedad), 

� El efecto tØcnico que logra tal diferencia es que se obtiene una composición 
farmacØutica de una ametilen-y-butirolactona de formula la, adecuada para usarse 
como antibaterial, antifüngica y antiproliferativa en el tratamiento de condiciones 
relacionadas con infecciones bacteriales, füngicas y cancer. 

AsI, el Problema TØcnico Objetivo esta relacionado con la necesidad de obtener 
composiciones farmacØuticas de una ci-metilen-y-butirolactona de formula la, 
adecuada para usarse como antibaterial, antifüngica y antiproliferativa en el 
tratamiento de condiciones relacionadas con infecciones bacteriales, füngicas y 
Ca fl Ce r. 

Sin embargo, Dl enseæa que a-metilen-y-butirolactonas son un grupo de 
compuestos que poseen actividades antibaterial, antifüngica, antineoplÆsica (a 
antiproliferativa) y antihelmintica; e indica la formaciOn de composiciones 
farniacØuticas que comprenden una a-metilen-y-butirolactona de formula I, las 
cuales pueden ser formuladas con un diluente inerte a un vehIculo 
farmacØuticamente aceptable, para ser usadas en el tratamiento de 
enfermedades neoplÆsicas (folio 203; portada, col. 1 y 2; y tal como se muestra 
en el aparte de novedad, folio 233). 

En consecuencia, la materia reclamada es obvia, porque el Experto en la Materia 
enfrentado al problema de obtener composiciones farmacØuticas de una ci-metilen-y-
butirolactona de formula (a, adecuadas para usarse coma antibaterial, antifüngica y 
antiproliferativa, obtendria composiciones farmacØuticas de una a-metilen-y-
butirolactona coma Ia seæala Dl usando otras a-metilen--y-butirolactonas que posean 
tales actividades antibaterial, antifüngica y antiproliferativa como las ensenadas en 
D2, para log rar de esta forma la composiciOn objeto de esta solicitud; careciendo, por 
tanto, la materia reclamada de nivel inventivo. 

6. Respuesta all solicitante 

El solicitante anexa un nuevo capitulo reivindicatorio (folios 195-200) enfocado en 
una composiciOn farmacØutica, eliminando las reivindicaciones relacionadas con 
compuestos (aislados y sintetizados), sus proceso de aislamiento y sintesis, y los 
mØtodos de tratamiento con el fin de superar las objeciones presentadas a tal 
materia reclamada; capitulo reivindicatorio que es aceptado par esta Oficina. 
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Seæala et sohcitante que ha eliminado las reivindicaciones cuestionadas y’rca 

limitado el alcance de la, invenciOn a una composición farmacØutsca de un compuesto 
de formula IA (folio 147; pÆg. 4 de respuesta). 

Al respecto se observa que en efecto, la materia antes reclamada (compuestos 
aislados y sintetizados, sus mØtodos de aislamiento y sIntesis, y los mØtodos de 
tratamiento) ha sido eliminada, reclamando ahora una composición farmacØutica que 
comprende una alfametilen-gamalactona de formula la, materia a la que se le realiza 
el presente anÆlisis de patentabilidad. 

7. Conclusion 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados as!: 

N° Documento N° Reivindicaciones Afectadas Reguisito que Afecta 
Dl US5962460 1-21 Novedad 

y 

Nivel inventive 

D2 BibTiograffa 1 1-21 Nivel inventivo 

D3 Bibliografia 2 1-21 Novedad 

D4 US5646164 1-21 Novedad 

D5 W09718806 1-21 Novedad 

En cumplimiento del artIculo 45 de (a DecisiOn 486 de la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta dias 
contados a partir de la fecha de notificaciOn de la presente comunicaciOn. En caso 
de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta 
subsistieran los impedimentos para la concesiôn, se denegara la patente. 

NotifIquese el presente oficio conforme a lo dispuesto en el arUculo 8 de la 
resoluciOn reglamentaria No. 00210 del 15 de enero de 2001, advirtiendo que contra 
Øl no procede recurso alguno en la via gubernativa. 

JOSE LUIS SALAZAR LOPEZ 
Director de Nuevas Creaciones (C) 

El anterior requerimiento fue notificado por fijación en lista, de fecha 

1244YV ZUJ1 

CONCEPTO TECN(CO EXAMINADOR TECNICO 
No. 1240 Codigo No. 202079 
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