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Cyclisation of Acetylenecarboxylic Acid. Synthesis of y-Methylene- 
b u tyro I act o n es 

By Makoto Yamamoto, Department of Chemistry, Saga University, Saga-shi 840, Japan 

Various y-exo-methylenebutyrolactones have been synthesized in excellent yield by the cyclisation of acetylene- 
carboxylic acids in the presence of a catalytic amount of mercury(l1) oxide. Cyclisation of terminal acetylene 
compounds [e.g. (1 a)-(1 e)] proceeded regioselectivelytogive y-exo-methylenebutyrolactones as the sole product. 
Disubstituted acetylenes [ (1f)-(1 i)] also gave the (Z)-configurational enol lactone, but small amounts of an (€)- 
isomer of ay-exo-enol lactone and a $-lactone (a-pyrone) were also formed. Spectral properties and stereo- 
chemistry of the exo-enol lactones are also discussed. 

COMPOUNDS which have an unsaturated y- or 8-lactone 
ring are reported to have carcinogenic and anti-tumour 
activity, as well as other biological proper tie^.^ 

Recently many naturally occurring y-exo-enol lactones 
have been reported; i .e.  the mould metabolites tetre- 
nolin 
from Eremophila freelingii, the carotenoid pigment 
peridinin,6 multicolic acid from Penicillium mzclticolor, 
and a marine natural product with antimicrobial 
activity, finibrolides.8 

The synthetic approaches to y-methylenebutyro- 
lactones from f ~ r a n , ~  azidoquinone,1° maleic anhy- 
dride,ll and phosphoranylidenebutenolide l2 have been 
described in the literature. The other known route is 
the cyclisation of acetylenic precursors, which includes 
the cyclisation of pent-4-ynoic acid using silver nitrate,13 
base,14 triethylamine-A~,0,1~ and mercury(I1) acetate l6 
as catalysts. 

The author has also reported a high-yield regio- 
selective synthesis of y-methylenebutyrolactones by the 
cyclisation of acetylenecarboxylic acids in the presence 
of a catalytic amount of mercury(I1) 0xide.l' The present 
paper describes the synthesis of various y-methylene- 
butyrolactones in detail. 

and the acetylenic sesquiterpene freelingyne 

RESULTS AND DISCUSSION 

Pent-4-ynoic acid (la) was prepared from diethyl 
malonate and prop-2-ynyl bromide followed by hydroly- 
sis and decarboxylation, and by the oxidation l8 of pent- 
4-ynol with Jones reagent. The acetylenecarboxylic 
acid (la) was heated at 60 "C for 30 min in the presence 
of yellow mercury(I1) oxide without solvent, and y- 
met hylenebut yrolactone (2a) was obtained in quant ita- 
tive yield. The structure of (2a) was determined by the 
spectral data; i .e. the i.r. spectrum of (2a) showed bands 
at  1 815, 1670, and 890 cm-l (five-membered exo-enol 
lactone carbonyl, double bond, and terminal methylene, 
respectively). The lH n.m.r. spectrum of this compound 
showed signals at 6 2.52-3.04 (m, 4 H), 4.25 (q, 1 H), 
and 4.66 (9, 1 H), for CH,CH2 and two olefinic proton 
signals.19 The mass spectrum of (2a) gave the molecular 
peak at  m/c 98.16 

X o  x- 

or (3-angelica lactone or 3,4-dihvdropyrone was formed in 
this reaction, and the lactone (2.) was the sole product. 

The molar ratio of ( la)  : HgO = 100 : 4-6. 

This cyclisat ion reaction proceeded equally well in 
aprotic solvents such as chloroform, acetone, benzene, 
dioxan, and dimethylformamide (DMF), but in a protic 
solvent (la) gave a saturated lactol ether.17 When ( la )  
was heated at  100 "C for 3-6 h without mercury(I1) 
oxide, ( 2 4  was not obtained and ( la)  was recovered 
almost quantitatively.! The formation of (2a) was also 

R .  L 
R CHzCOZEt .(* 

( I / /  I ,  ( I V  I OH R' 

RQH 0 0  R '  

a ; R = R'= H (99 - 100 %) 

b ;  R =Ph,R'= H (98%) 
n 
0 0  

d ; R =  )( ,R'=H(98%) 
Me 

f ;  R=H,R'=Ph(83%) 

9; R=CH,CSC Ph,  

R'= Ph ( 7 6 ' lo )  

ScHEsrE ( 2 )  NaH-THF(L)ME) or LDA-TI-IF; (ii) R'CECCH,X 
(X = C1 or Br); (222) 5--100/, NaOH-H,O; (iv) Hf-H,O, 
reflux; (v) IIgO, heat, solvent 

examined by treatment of ( la )  with mercury(I1) acetate. 
The results of the solvent effect are summarized in 
Table 1 .  

Acetylenecarboxylic acids (1 b) and (lc) were prepared 
by a similar method to (la). Compound (Id) was 
synthesized by alkylation of ethyl acetoacetate with 
prop-2-ynyl bromide followed by acetalisation and 
alkaline hydrolysis. Compound (le) was obtained by 
the decomposition of the selenadiazole,20 which was pre- 

Phenylpropargylidencmalonic acid ( 1 i) cyclised when heated 
a t  900 "C without a catalyst to give the 4-ylidenebutenolide (2i) .I3 
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pared from selenium dioxide and the semicarbazone of 
2-acetylcyclohexanecarboxylic acid. 

The cyclisation of ( lb)  and (Id) was carried out under 
similar conditions, and the exo-enol lactones (2b) and (2d) 
were obtainetl as colourless oils (both in quantitative 

TABLE 1 
Solvcnt effect on the formation of (22) 

Ratio (yo) 
r-------A-----7 

Catalyst Solvent Lactone (2<1) : (la) 
None 100 0 
Chloroform 88 12 
Benzene 92 8 
Acetone 87 13 
Dioxan 55 45 
Methanol a 

Benzene 90 10 

HgO 

Hg(OAc), Chloroform 81 19 

a No (2a) was obtained. The product was 5-methoxy-5- 
methyl-y-butyrolactone. The details of this reaction will be 
presented elsewhere. Amos and Katzeiiellenbogen l6 reported 
tha t  mercuric acetate catalysed the cyclisation of (la) in 
CH,Cl, at room temperature for 24 h to  give (2a) in 74% yield. 

yield) ; the ethylenedioxy-protecting group in (Id) did 
not decompose. Compounds (lc) and (le) also cyclisecl 
to afford the desired exo-enol lactones (2c) and (2e) in 91 
and 92% yields, respectively. In  the cyclisation of (lc) 
the expected compounds (3) or (4) were not obtained and 
the spirodilactone (2c) was the sole product. The spec- 
tral data of all the exo-enol lactones are given in Table 2. 

In contrast to these results, 5-phenylpent-4-ynoic acid 
(If) did not cyclise during 5-7 h below 80 "C in the 
presence of mercury(r1) oxide with or without solvent. 

In principle, considering the steric configuration of 
these acetylenic acids, tlie cyclisation to y- or S-lactone is 
equally possible. The ease of cyclisation is sensitive not 
only to the nature of the substituent attached to the 
triple bond, but also on tlie reaction conditions.21 I t  is 
also very difficult to as-,ign the configuration of the exo- 
enol double bond, in cases where only one stereoisomer is 
available, because the chemical shift of the olefinic 
proton varies considerably depending on the structure of 
the molecule, especially the substituent attached to the 
exo double bond. However, when both isomers can be 
detected the chemical shift of tlie olefinic proton is a t  

H2cs CH;! 

HC-C-CH2X C02H 

HCGC-CH2 C02H 

a C O O H  C r C  H 

lower field in the (,??)-isomer than in the (Z)-isomer.22 
The difference arises from the deshielding effect of the 
lactone oxygen. 

The cyclisation of (If) gave three products (2f), (5 ) ,  

TABLE 2 
Spectral properties of y-methylenebutyrolactones 

I.r./cm-l 
r A 

3 

V(c=O)  v(C=C) 
1815  1670, 

885 
1 800 1670, 

895 
1790 1675, 

880 
1800  1670, 

885 
1800 1670, 

886 
1 800 1685, 
1 805 1 690 
1 790 1680, 

1 640 
1 750 1 645 
1785,  1645 
1745  

N.m.r. (6 )  
Em-olefin proton 

7- 3 

4.25 (9) 4.66 ('1) 

4.22 (m) 4.64 ('1) 

4.52 (m) 4.90 (in) 

4.20 ('1) 4.56 ('1) 

4.27 ('1) 4.60 (q) 

5.38 ('1) 
5.46 (s) 
6.68 (s) 8.4s ( 5 )  

6.20 (s) 7.62 (s) 
t i .13 ((1) 6.25 (q) 

M +  Base peak 
98 (100) 

174 (41) 104 

180 (30) 68 

184 (14) 63 

152 (21) 67 

388 (44) 105 
216 (100) 

34s (100) 
172 (62) 115 

174 (100) 

1.r. spectra were measured for liquid films [(2a), (!b),% (Zd), and (2e)l and KBr discs [(!c). (2f)-(Bi), and (9)]. N.ir1.r. spectra 
Relative intensity were measured in CCl, [(Za), (2b), (2d), (ze), and ( B g ) ) ,  in LI>Cl, [(Bc), (2f), (Bi ) ,  and (9)1 and in [21H,]nMS0 (2h). 

of molecular-ion peak in parentheses. 

However, when (If) was heated at  110 "C in the pre5ence and (6). Compound (2f) has i.r. spectral bands at  
of mercury(1r) oxide without solvent for 3 11, compounds 1 800 (vc=o, lactone) and 1 685 cm (v(.=C). The n.1n.r. 
(2f) (370/) and i(5) + (6)] (410/0) were obtained. Treat- spectrum of (2f) showed a quartet a t  S 5.38 for the exo- 
ment of (If) in refluxing DMF with mercury(rr) oxide for enol olefinic proton. Although compounds (5)  and (6) 
2 h gave the exo-enol lactone (2f) (83y0), accompanied could not be separated, from the spectrum of the mixture 
by a mixture of (5) and (6) (9%). the structures of (5) and (6) were assigned as follows: 
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(5) was a y-methylenebutyrolactone [(E)-isomer] and (6) 
was a six-membered lactone (a-pyrone) .* The olefinic 
proton signal at 8 6.18 in the n.m.r. spectrum of (5) is a t  
lower field than that of (Zf),  so that (5) is the (E)-isomer 
and (2f) is the (2)-isomer. 

Compound (lg) cyclised by similar treatment as for 

R:' , 
OAOACH2 

R 

0 Q;h 0 R o P h  

(2h) was heated a t  240-250 "C for 20 min to give the 
decarboxylated product (9), m.p. 86-87 O C . 1 3  

Bothner-By and Harris 23 have shown that 1,4- 
vinyl protons in a trans,trans-configuration show 
coupling constants ranging from 1.3 to 1.9 Hz. All 
other long-range coupling constants were found to be 
appreciably smaller; e.g. the coupling constants for 1,4- 
vinyl protons in the cis,trans-configuration were found to 
range between 0 and 0.9 Hz. This can be applied to the 
determination of tlie stereochemistry of 4-ylidenebutenol- 
ides; thus, Moore 24 reported that the n.m.r. spectra of 
the butenolide (10) show an L4B pattern for the H,H, 
vinyl protons with coupling constants of 1.4-1.6 Hz. 
These results agree with the proposed (2)-configuration. 
The n.m.r. spectrum of the 4-ylidenebutenolide (9) (see 
Table 2) had Jilt 0.8 Hz; thus (9) has the (2)-configur- 
ati0n.t This result indicates that (2h) also has the (Z)- 
configuration. 

Compound (l i)  was syntliesised by the method of 
 wile^,^^ but the acetylenecarboxylic acid obtained was a 

( 7 )  R=CH,C=C-Ph ( 8 )  R =  CH2CSC-Ph mixture of ( E ) -  and (2)-isomers. This mixture was 
cyclised to give tlie desired 4-ylidenebutenolide (2i) ; 
(E)-2,5-diphenylpent-2-en-4-ynoic acid (1 1) was re- 
covered. Compound (2i) has the (2)-configuration, by 
comparison of the spectral data and melting point with 
those Of the authentic samp1e*26 

As described above, the cyclisation of the disubstitutecl 
acetylenes (1f)--(li) is a little slow and needs a high 
temperature, compared with (la)-( le). Although three 

( 5 )  R = H  (6) R =  H 

(If) and lactone (2g) was obtained in 76% yield. In this 
reaction also three isomers were obtained and tlie ratio 
was 9 : 1 ((2g) : [(7) + (S)]}.* 

This cyclisation is also applicable to the syntheses of 
4-ylidenebutenolides as evidenced by the successful 
synthesis of (2h) and (2i). Substituted pent-2-en-4- 
ynoic acids (111) and (l i)  were prepared from the condens- 

R 

* R v Y H  0 

Hg0,DMF. reflux 

Ph 

o n  
OH 'Ph 

(lh,i 1 ( 2 h )  R = C02H (88%) 

( 2 i )  R = Ph (72%) 

HOz C 
(11) 

ation of 3-phenylprop-2-ynal with the corresponding acid 
or its ester. Diacid (111) was cyclised in the presence of 
mercury(I1) oxide in DMF to afford tlie 4-ylidenebuteno- 
lide (2h) in 88% yield as the sole product. Butenolide 

* Compound (7) was isolated as a solid (> 95yo pure). Froin 
i.r. and n.m.r. spectra (7) is the (Ej-isomer of the y-eno-enol lac- 
tone. By comparison of these spectral results, the structures of 
(5) was also postulated to be the (E)-isonicr (sce Experimental 
section). 

stereoisonieric enol lactones may be formed, where 
applicable the (2)-isomer is usually formed in over 80% 
yield, and can be purified easily. 

The present cyclisation method is very simple, and 
gives high yield and is regioselective. This method is 
applicable to many y-em-me t h ylenebu t yrolac t one syn- 
theses. 

EXPERIMENTAL 

N.1n.r. spectra were recorded mith a JEOL JNM MH-100 
spectrometer using tetraniethylsilane as internal standard. 
1.r. spectra were obtained on a Hitachi 2GO-20 spectrometer. 
Mass spectra were nieasured with a J EOL JMS-13300 
spectronieter. T.1.c. ancl column chromatography used 
Merck Kieselgel G (type G O )  and 70-230 mesh silica gel, 
respectively. THF and IIME \\..ere distilled froin IiAlH,. 
1~pvlt~ was distilled, and then all solvents were dried over 
niolecular sieves (4A l/lG). 

hcetyleiiecarboxylic acids ( l a ) ,  ( lb), ( lc),  and (If) were 
syntliesised by the usual inetliocl, i.e. the alkylation of the 
correspontling ester with equiniolar amount of prop-2-ynyl 
broniiclc followed by hydrolysis (5% sodium hydroxide 
s( )lu tioii) and appropriate clecarboxylation. 

l'ent-4-ynoic acid ( la )  W;LS also synthesised by the reverse 
,)sitlation of pent-4-ynol 27 by the nietliod of Holland,18 
11i.p. of ( la) 52-55 "C (1it.,l8 5.1.5-56.5 "C). 

2-( l,l-~tlIylenedi~xyet~~yZ)pe.l.2t-.l-yPzoic Acid ( Id)  .-Ethyl 

t Castaiier and Pascual l 3  synthesised the compounds (211) and 
(9),  but they did not dcscribe their stereochemistry. The author 
re-c.xaminet1 their cyclisation method, ant1 found that tlw product 
contained an (1;) : (2) misturc in the ratio 1 1  : 89 (see Experi- 
incntal section). 
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2-~~cetylpent-4-ynoate 28 (3.36 g, 20 mmol) was treated with 
ethylene glycol (4.96 g, 80 mmol, excess) and toluene-p- 
sulphoriic acid (142 ing) by tlie usual procedure. The 
acetalised product (2.12 g, 10 mmol) was hydrolysecl with 50;" 
sodium hydroxide solution (50 nil) arid the reaction mixture 
was carefully ncutralised at 5 "C mi  an ice-water bath with 
1.4 mol equiv o f  oxalic acid, and then estractetl with chloro- 
forin ( 3  x 20 1111) The chloroform layer was worked up as 
usual to give ;L white solid, Lvliicli was recrystallised from 
benzene to give (Id) (1.29 g, 76. i : ; )  as colourless plates, 
1ii.p. !)2---92 5 "C (Found: C, 58 8; H, 6 56. CsH1,04 
requires C,  5 8 . i ;  H, 6.57:;); v ~ , ~ . , ~ ,  (KBr) 3 330 (X'H), 
2 100 ( C X ) ,  1 735, ant1 1 715 cn1-I ( G O ) ;  6 (CDCl,) 1.40 (s, 
3 H) ,  2.00 (t,  1 H, J 2.0 Hz) ,  2.60 (111, 2 H),  2.96 (q, 1 H),  
and 4.00 (ni, 4 H). 

2-~thynyZ~yclo/iexanecavhoxylic 12 c i d  (le) .-2-,\cetylcyclo- 
hesanecarbosj.lic acid sernicarbazone, m.p. 206-20ti "C 
(1;ound: C, 52  7; H, 7.45; N, 18.4. C,,H1,N,O, requires, 
C, 52. ! ) ;  H, 7.54;  X, 18.50/{,), was treated by a known 
method 20 and ( I c)  was obtained as colourless needles, m .p. 
90-91 "C ( f l X J l i 1  n-hexane) (Found: C, 70.9; H ,  7 98. 
C,H,,O, requires C,  71.0; H, 7.95%); v , ~ , ~ ~ .  (KRr) 3 310 
(ECH), 2 120 (CX) ,  and 1695 cm-l (CxO); S (CCl,) 1.04-- 
2.18 (m,  8 H), 1.98 ((1, 1 H, J 2.3 Hz), 2.40 (in, 1 H , )  and 3.22 
(m,  1 H) (1;ountl: Mt,  152, C , H l , 0 2  requires il4, 152). 

2-( 3 - P J i e n y l ~ r o ~ - 2 - ~ ~ ~ y y l ) - 5 - ~ ~ i e i z ~ ~ ~ ~ e ~ t - 4 - y ~ ~ o i ~  Acid  ( lg) 
Hv the usual procetlure, diethyl malonate (4 8 g, 30 mmol) 
was alkylated lvith 3-phenylprop-2-ynyl chloride 2s (9.1 g ,  
G O  mmol) to aff orti tliethyl bis( 3-phenylprop-2-yny1)malori- 
ate (10.7 g, 92"{)) as colourless needles, m.p.  79-80 "C 
[from n-hexane-benzene (5 : l ) ]  (Found: C, i i . 2 ;  H,  6.4.  
C,,H,,O, requirt,., C, 77.3; H, 6.23",/,); vnlnx. (KRr) 1 735 
( G O ) ,  1 600, 14!)5, and 695 cn-l  (phenyl); 6 (CCl,) 1.24 (t, 
6 H) ,  3.12 ( s ,  4 H), 4.15 (4, 4 H), antl 7.00-7.32 (m, 10 H) .  
This ester (5.82 g, 15 mmol) was hydrolysed by tlie usual 
method t o  give a white solid. This solid contained two 
components on t.1.c. with RF value of 0.53 (component A) 
and 0.1-0.4 (component 33) [eluant benzene-ethyl acetate 
(4 : l)]. Component A dissolved in hot benzene easily, so 
the benzene solution was decanted from component B, 
concentrated, and the solid residue was recrystallized twice 
from n-hexane-benzene (3 : 1) to  give colourless needles, 
m.p. 113.5-114.5 "C (337 mg) (Found: C, 83.2; H, 5.7. 
C20Hl,0, requires, C, 83.3; H, 5.59%); v,,,. (KBr) 1 700 
( G O ) ,  1 495, and 695 cm-l (phenyl); 6 (CC1,) 2.98 ( s ,  5 H) 
and 7.20-7.60 (in, 10 H) (Found: M I ,  288, C,,H,,O, 
requires M ,  288). These data suggest that  component A is 
2-( 3-phenylprop-2-ynyl)-5-phenylpent-4-ynoic acid ( I  g) . 
The residue was recrystallised from benzene-ethyl acetate 
(2 : 1) to give 2,2-bis-( 3-phenylprop-2-yny1)nialonic acid as 
colourless crystals, m.p. 164-167 "C; vmaX. (KBr) 1710 
( G O ) ,  1495, and 695 cm-l (phenyl); 6 ([2H,]DMSO) 3.14 
( s ,  4 H)  and 7.36 ( s ,  10 H). The mass spectrum of com- 
ponent B showed the same pattern as that  of component A, 
so all the residue (4.70 g) was clecarboxylated by heating 
with dioxan-H,O (60 ml, 1 : 1) for 10 h. The resulting 
aqueous solution was concentrated to dryness and the 
residue was extracted with chloroform and worked up as 
usual. The residue obtained was mostly component A. 
The residue was treated as described above to  give pure (lg), 
yield 3.46 g (80.1%). 

4-Phenylbut- l-en-3-yne- 1, l-dicnrboxylic A c i d  (lh) .-Com- 
pound (lh) was prepared by known method, m.p. 208-218 
"C (lit.,13 214-218 "C). 

2,5-Diphenylpent-2-en-4-ynoic A c i d  (li) .-An attempt was 

tiiacle to synthesise acid (l i)  from plienylacetic acid (1.86 g ,  
13.7 nimol) and 3-plienylprop-2-ynal 30 ( 1.86 g, 14.3 mmol) 
by the method of Mi'ile~.,~ Rut the yellow crystals ob- 
tained which were crystallized several times from ligroin, 
gave a different melting point (167-168 "C) from tha t  
reported (159 "C 2.5). These yellow crystals did not cyclise 
under the condition described for general procedure B (see 
later). Froni these results the compound is believed to be 
(E)-2,5-diphenylpent-2-en-4-ynoic acid (1 1) (Found : C, 
82.3; H, 4.8. C17H,,0, requires, C, 82.2; H ,  4.87":); 
vIIIRY, (K13r) 2 160 (C-C), 1 680 (C=O), 1 560 (C=C), ant1 
1 600 c - 1 ~ 1 ~ ~  (phenyl); 6 (Cl)CI,) 7.18 (s, 1 H), and 7.24 - 
7.60 (ni, 10 H) (Found: iU+, 248. C17H1202 requires A I ,  
248). The niother-liquor gave a red solid which was re- 
crystallized from ligroin to give yellowish orange crystals, 
m.p. 147-155 "C; v,~,,. (KBr) 2 160 (C=C), 1685-1 670 
(broattl, G O ) ,  1 580, 1 560 (C=C), 1 600, and 1 495 cm-l 
(phenyl). This was considered to be a mixture of ( 1 i )  antl 
(1 l ) ,  and so W ~ Z S  used in the cyclisation step without further 
purification. 

4 , 5 - ~ i h y ~ l r o - 5 - n t e t l i y Z e ~ e ~ z ~ ~ ~ ~ - 2 (  3H)-one (2a) .-Generid 
procedure A .  In a 50-ml round-bottomed flask (la) (980 mg, 
10 mmol) and yellow mercury(I1) oxide (58 mg) were heated 
a t  60 "C for 30 min under a nitrogen atmosphcre. The 
product was filtered and the solid was washed with ether. 
The filtrate was concentrated to give pure (2a) (970 mg, 
on:/,), as a colourless liquid, b.p. 80-86 "C a t  20 mmHg 
(lit.,l9 ca. 80 "C a t  17 mmHg). The spectral data are listed 
in Table 2 .  

Solvent e f fec t  o n  the Forination of Lactone (2a) .--Acetyl- 
enecarboxylic acid ( la )  (200 mg), yellow mercury(I1) oxide 
(20 mg) or niercury(I1) acetate (30 mg) and the appropriate 
solvent (2 ml) were mixed and the mixture was refluxed for 
45 min under a nitrogen atmosphere. The catalyst was 
removed by filtration and the filtrate was concentrated, 
weighed, and the n.m.r. spectra recorded using carbon 
tetrachloride as solvent. Decomposition could not be 
detected from the n.m.r. spectra. The results are in Table 1. 

4,5-Dihydro-5-metlzyZene-3-phenylfuran-2 (3H)-one (2b) .- 
Compound (2b) was synthesised from (lb) (2.26 g, 13 mmol), 
ni.p. 97.5-98.5 "C (lit.,31 98.5 "C), by treatment in refluxing 
chloroform for 4 h by general procedure A, yield 2.22 g 
(98.3%) of a colourless liquid, b.p. 109 "C a t  0.5-0.8 
mmHg (Found: C, 75.8; H ,  5.73. Cl1Hl,O2 requires C, 
75.8; H, 5.73%). 
3,8-DirnethyZene-2,7-dioxaspiro[4.4]nonane- 1,6-dione (2c) .- 

According to  general procedure A, (lc) (540 mg, 3 mmol), 
m.p. 140-142 "C (lit.,32 139-140 "C), was treated in 
refluxing acetone for 2 h ;  to give (2c) as colourless plates, 
m.p. 11 1-1 12 "C * [recrystallised from diethyl ether- 
carbon tetrachloride (5  : l)], yield 492 mg (91.2%) (Found: 
C, 60.1; H ,  4.60. C,H,O, requires C, 60.0; H,  4.48%). 

3-( l,l-Ethylenedioxyet~zyZ)-4,5-dihydro-5-methylenefuran- 
2(3H)-one (2d).-According to the general procedure A, (Id) 
(1.84 g, 10 mmol) was cyclised a t  95 "C without solvent for 
1 h to give pure (2d) (1.81 g, 98.2%) as a colourless oil, b.p. 
112-113 "C a t  1 mmHg (Found: C, 58.5; H, 6.55. C,Hl,- 
0, requires, C, 58.7; H ,  6.57%). 

3-MethyZenehexahydrophthaZide (2e) .-Compound (2e) was 
synthesised from (le) (1.52 g, 10 mmol) by treatment in 
refluxing toluene for 2 h by general procedure A, yield 1.39 g 
(91.7%) of a colourless liquid, b.p. 76-78 "C a t  3 mmHg 

the m.p. of the bis-lactone (2c) as 92 "C. 
The spectral data and combustion analysis of the compound 
synthesised here also indicated the bis-lactone structure (2c).  

* Jager reported 
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(l;oiind: C, 71.0; €I, 7.90. C,H1202 requires C, 71.0; H, 

5-Benz~ l i~e i ze -4 ,5 -~ i l~y~ro furun-2 (3H) -one  (2f) .-Geneva2 
procedure R .  In a 50-nil round-bottomed flask, (lf) (696 
nig, 4 mmol), ni.p. 99-100 "C (lit.,20 99-100 "C), mercury- 
(11) oxide (49 nig), and DMF (4 ml) were mixed and the 
mixture was heated a t  160 "C for 2 h under nitrogen. 
DMF was removed under reduced pressure and the resulting 
residue was purified by silica gel column chromatography 
with benzene to give 640 nig (92%) of product which con- 
tained three components, (21) (83%) and [(5) -+ (S)] (9"/"). 
The yellow paste was crystallised several times from carbon 
tetrachloride to give pure (2f) as colourless plates, m.p. 
90-91 "C * (Founcl: C, 75.8; H, 5.9. Cl1H,,O2 requires 
C, 75.8; H, 5.7976). An attempt was made to cyclise 
compound ( I f )  (174 nig, I mmol) in refluxing chloroform 
(7 h) or benzene ( 5  11) in the presence of mercury(I1) oxide 
(10 mg) under nitrogen. None of the desired product was 
obtained in chloroform solution; in benzene solution only a 
trace amount of product was detected (by t.1.c.) and almost 
all the starting material was recovered. Cyclisation of (If) 
(348 mg, 2 mtnol) a t  110 "C was also attempted in the pre- 
sence of mercury(I1) oxide (27 mg) without solvent for 3 11. 
The reaction mixture was worked up as in general procedure 
A and the yellow paste obtained (2711 mg, 780/,) had its i.r.  
arid 1i.ni.r. spectra recorded; v,,,:,~. (film) 1 800, 1 760 ( G O ) ,  
1 685--1 665 (C=C), 1 495, and 690 cm-l (phenyl); 6 
(CDCl,) 2.36-3.10 (m),  5.38 (q, signal A), 5.70 (t, signal B), 
6.18 (t, signal C) and 7.00-7.60 (m, aromatic protons). 
The ratio of the three components (Zf) ,  ( 5 ) ,  and (6) was 
calculated as follows; from the n.m.r. spectra the relative 
intensity of signals A, B, C, and the aromatic protons were 
7.5, 6.1, 2.4, and 82.0. When this mixture was passed 
through a silica gel column as described above, the initial 
fractions contained much more (2f) than [(5) + (S)], and the 
later ones contained most of the [ (5)  + (S)], especially (6). 
The i.r. and n.m.r. spectra of the initial fractions are super- 
imposable on those of (Zf ) ,  and the spectra of the later 
fractions are as follows; v,,,,. (film) 1 800 (C=O, shoulder), 
1760 (GO) ,  1675 ( C X ,  shoulder), 1665 (C=C), and 1495 
cm-l (phenyl); 6 (CDCl,) 2.36-2.80 (m, 3.6 H),  2.80-3.18 
(m, 0.4 H),  6.70 (t, 0.9 H), 6.18 (t, 0.1 H) ,  and 7.12-7.60 
(m, 5 H). From these results i t  was concluded that the 
olefinic proton signals A, B, and C were those of (2f), (6), 
and (5), respectively. The ratio of (2f) : (5) : (6) in the 
yellow paste was calculated to be 47 : 38 : 15, and the yields 
of (2f) and [(5) + (S)] are thus 37 and 41%, respectively. 
Compounds (5) and (6) could not be separated, but from the 
above and the following results the structures of (5) and 
(6) were assigned as (E)-5-benzylideney-butyrolactone and 
an or-pyrone, respectively. 

5-Benzylidene-4,5-dihydro-3-( 3-phenylprop-2-ynyl) furan- 
2(3H)-one (2g).-By the general procedure B, from (Ig) (720 
mg, 2.5 rnmol), a yellow paste (600 mg, 83.3%) was ob- 
tained. The yellow paste was passed through a silica gel 
column with benzene as eluant and the initial fractions were 
collected and concentrated to give a white solid, which was 
recrystallised several times from n-hexane to give an amor- 
phous white solid, m.p. 70-71 "C (Found: C, 83.6; H, 5.4. 
C20H1R02 requires C, 83.3; H, 5.59%). The later fractions 
were also collected and concentrated to give a yellow solid; 
v,,,. (KBr) 1790 (C=O), 1675 (C=C), 1490, and 695 cm-l 
(phenyl); 6 (CCl,) 2.64-3.36 (m, 5 H) ,  5.46 ( s ,  0.2 H),  6.26 

* The melting point of (2f) was sharper than that previously 
reported. l7 

7.950/,). 
(m, 0.8 H), and 7.08-7.52 (m, 10 H). From these results 
the later fractions contained mainly the (E)-isomer of the 
y-exo-enol lactone ( 7 ) .  As for the cyclisation products of 
( I f ) ,  the ratio of the reaction products (2g) : (7) : (8 )  were 
calculated as 91 : 6 : 3, and the yields of (2g) and [(7) + (S)] 
were 76 and 7y0, respectively. 

5-Benzylidene-2,5-dihyd~o-2-oxofuran-3-carboxy2ic Acid 
(2h).-According to general procedure B, (Ih) (432 mg) was 
cyclised to (2h) (380 mg, 88%), a yellow amorphous solid, 
m.p. 220-222 "C (decomp.) [lit.,13 218 "C (decomp.)]. 

5-BenzyZidenefuran-Z(SH)-one (9) .-Compound ( lh)  (200 
mg) was treated by the method of Castaiier l3 and the 4- 
ylidenebu tenolide (9) was obtained as colourless needles, 
m.p. 86-87 "C (1it.,13 86-87 "C); 6 (CDCl,) 6.13 (d, 1 H, 

.Jab 5.5 Hz), and 7.44-7.56 and 7.86-8.02 (m, 5 H). From 
these results, comparing the coupling constant Jac of (9) 
with those of known (2)-4-ylidenebutenolides 2%33 the 
stereocheniistry of (9) was shown to be (2). This was also 
supported by the following results; compound (9) was 
synthesised from (lh) by the method of Castaiier,l3 and the 
vellow solid obtained, after purification by silica gel column 
chromatography, gave an ( E ) ,  (Z)-mixture. The ratio of 
( E )  : (2) is cu. 1 1  : 89 (by n.1n.r. spectrascopy). The chemi- 
cal shift and coupling constant of the exo-olefin proton of the 
(E)-isomer of (9) are 6 6.42 and J 1.8 Hz. The yellow solid 
was also recrystallised twice from diethyl ether to give the 
pure (2)-isomer of (9),  m.p. 8 G 8 7  "C. 

5-UenzyZidene-3-pheny2jurun-2( 5H)-one (2i) .--The mix- 
ture of (l i)  and (11) (700 mg) was cyclised by general pro- 
cedure B for 24 h. The reaction residue showed two spots 
on t.1.c. with RF values 0.58 (2i) and 0.1'7 [recovered ( l l ) ]  
[eluant benzene]. The two components were then pre- 
paratively separated. Compound ( 11) was identified by 
melting point and the spectral data comparison with those 
of an authentic sample [recovered (1 1) 520 mg]. The other 
component (yellow solid) was recrystallised from ethanol to 
give 129 mg (71.7%) of (2i) t as yellow crystals, m.p. 141- 
142 "C (lit.,26 141-142 "C). 

Jac 0.8 Hz), 6.25 (q, 1 H, Jab 5.5, Jac 0.8 Hz), 7.62 (d, 1 H, 
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t Compound (l i)  in the mixture was calculated as < 180 mg, so 
that the yield of (2i) is > 71.7%. 

REFERENCES 

(a)  F. Dickens and H. E. H. Jones, Brit. J .  Cancer, 1961, 15, 
85; (b )  F. Dickens, H. E. H. Jones, and H. B. Waynforth, ibid. ,  
1966, 20, 134. 

S. M. Kupchan, R. W. Britto, M. P. Ziegler, C. J .  Gilniore, 
R. G. Restivo, and R. I;. Bryan, J .  Amer. Chem. Soc., 1973, 95, 
1335, and references cited therein. 

Y. Iino, A. Tanaka, and K. Yamashita, Agric. and Biol. 
Chem. (Japan),  1972, 36, 2505. 

4 G. G. Gallo, C. Coronelli, A. Vigevani, and G. C .  Lancini, 
Tetrahedron, 1969, 25, 5677. 

6 R. A. Massy-Westropp, G. D. Reynolds, and T. M. Spots- 
wood, Tetrahedron Letters, 1966, 1939. 

6 H. H. Strain, W. A. Svec, K. Aitzetmuller, M. C. Grandolfo, 
J .  J .  Katz, H. Kjersen, S. Norgard, S. L. Jensen, F. T. Haxo, P. 
Wegfahrt, and H. Rapoport, J .  Amer. Chem. Soc., 1973, 93, 1823. 

7 J .  A. Gudgeon, J .  S. E. Holker, and T. J .  Simpson, J . C . S .  
Chern. Comm., 1974, 646. 

8 (a) R. Kazlauskas, P. T. Murphy, R. J .  Quinn, and R. J. 



1981 587 
Wells, Telrahedron Letters, 1977, 37; (b)  J .  A. Pettus, jun., R. M. 
Wing, and J .  J .  Sinis, ibid., 1977, 41. 

9 €1. Gilman, K. A. Franz, A. P. Hewlett, and G. H. Wright, 
J .  Amer.  Chem. SOC., 1950, 72, 3. 

l o  (a) H. W. Moore and H. R. Shelden, J ,  Org. Chem., 1968, 33, 
4019; (b)  H. W. Moore and H. R. Shelden, Tetrahedron Letters, 
1968, 5431; ( c )  A. M. Rees, Chem. and I n d . ,  1965, 1298. 

l1 ( a )  A. P. Cara, R.  A. Massy-Westropp, and G. D. Reynolds, 
Tetrahedron Letters, 1969, 4171; (b)  C. F. Ingham, R. A. Massy- 
Westropp, G. L). Reynolds, and W. D. Thorpe, Austral. J .  Chem., 
1975,28, 2499; ( c )  M. J .  Begley, I). R. Gedge, and G. Pattenden, 
J .C.S .  Chem. Comm.,  1978, 60. 

l2 (a) J .  E. T. Corrie, Tetvahedron Letters, 1971, 4873; (b )  D. W. 
Knight and G. Pattenden, J .C.S .  Pevkiiz I ,  1975, 635, 641. 

l3 J .  Castaiier and J.  Pascual, J .  Chem. SOC., 1958, 3962. 
? p  I. Fleming and J .  Harley-Mason, J .  Chem. Soc., 1963, 4778. 
l5 Y. S. Rao and R. Filler, Tetrahedron Letters, 1975, 1457. 
l6 R. A. Amos and J.  A. Katzenellenbogen, J .  Ovg. Chem., 1978, 

l7 M. Yamamoto, J .C.S .  Chenz. Comm.,  1978, 649. 
la B. C. Holland and N. W. Gilman, Synlh. Comm.,  1974,4, 203. 
lB V. Jager and II. J .  Giinther, Tetrahedron Letters, 1977, 2453. 
2o I. Lalezari, A. Shafiee, and 13. Golgolab, J .  Heterocyclic 

43, 560. 

Chem., 1973, 10, 655. 

2l C .  Belil, J. Pascual, and F. Serratosa, Tetrahedron, 1964, 20, 

22 F. Bohlmann and R. Reinecke, Chem. Bey., 1966,99,3437. 
23 A. A. Bothner-By land R. K. Harris, J .  Amer.  Chem. SOC., 

1965, 87, 3445, 3451. 
24 H. W. Moore, H. I<. Shelden, D. W. Deters, and R. J. 

Wikholm, J .  Amer.  Chem. SOC., 1970, 92, 1675. 
25 R. H. Wiley, C. H. Jarboe, and F. N. Hayes, J .  .4mer. Chem. 

Soc., 1957, 79, 2602. 
26 R. J Wikholm and H. W. Moore, J .  Atner. Chem. SOC., 1972, 

94, 6152. 
27 K. Paul and S. Tchelitcheff, Compt. rend., 1950,230, 1473. 
2A K. E. Schulte, J .  Reisch, and A. Mock, Arch. Pharm. ,  1962, 

29 M. J. Murray, J .  Amer.  Chem. SOC., 1938, 60, 2662. 
30 L. Claisen, Ber., 1898, 31, 1022. 
31 K. E. Schulte, I. Mleineck, and I<. H. Schar, Arch. I’harm., 

1958, 291, 227. 
32 G. Eglinton, R. A. Raphael, R. G. Willis, and J .  A. Zab- 

kiewicz, J .  Chem. SOC., 1964, 2597. 
33 ( a )  F. Bohlmanp and C .  Zdero, Chem. Ber., 1966, 99, 1226; 

(b) F. Rohlmann, K.-M. ,-Kleine, C. Arndt, and S. Kohn, ibid., 
1965, 98, 1616; (c)  J .  Foiher and S. Seltzer, J .  Org. Chem., 1970, 
35, 3529. 

2701. 

295, 627. 


