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STEREOSELECrrVE SYNTaESIS OF ( m - A L K Y L I D E ~ B U T Y R O -  

LACTONE FROM 2-ALKYN-1-ONE 

Fen-Tair Luo,* May-Wen Wang, and Yi-Show Liu 

Institute of Chemistry, Academia Sica, Nankang Taipei Taiwan 11529, R0.C. 

Abslma - A preparation of (~-alkyhdene-y-hyrolactone with or without alkyl 

or aryl mbsiuent at y-position f?om 2-aUcyn-lane is provided. 

E.l3icient methods for the preparation of lactones containing both saturated and unsaturated five or six-manbered 

rings have been considaable interest for synthetic organic chanists in view of their recogruzed biological 

activities, for example, hpicidal, hdicidal, antibiotic, and antitumor properties.' Usually, synthetic procedures 

to the a- dene el act ones generally invoke either (a) conversion of an adsting group at the a-position on a 

preformed lactone ring to the comsponding a-methylene or a-alkylidene group2 or @) formation of the a- 

methylme- or a-alkylidenelactone &om acyclic precurson containing all of the desired functional groups via a 

ring closure reaction.' Recently, the stereoselective synthesis of (?)-a-ancyliden+y-butyolactone has become 

athactive since these compounds can be used as a plant growth regulator,' or as an important intermediate to the 

synthesis of obtuhctone isolated *om L i d l a  obWloba, a cytotoxic natural product.' Ahhough sevaal 

methods have been reported for the &duction of an alkylidene group at the a-position of a y-butyolactone,2 

there is no general procedure bang reported in the literature for the stereoselective synthesis of the exocyclic 

double bond with the ( z > c o n t i ~ o n .  Recently, we have reported that ( + 3 - i o d c + 3 - 1  system can be 

eady obtained either by kea!ment of a conjugated ynone with sodium iodide1hethyIsiiyl chloridehater or 

trimethyklyl iodide in a~etonitrile,~ or by keahnent of conjugated 3-iodo-2-&en-1-one with catalytic munt  of 

hettryldlyl chloride7 (Eq I). Herein, we report that (Z>3-iodo-3-&en-I-one (1) can be easily applied to the 

synthgls of (Z>a-alkylidene-y-butyrolactones with or without shstituent at the y-position as show in Table 1. 

Reduction of 1 with sodium borohydride in methanol at room tempemwe gave (Z>3-iodo-3-alken-l-01(2) in 

1 
good yield (> 90 %)with no loss of stere~chanistry as judged by H nmr s p e d  analyses In the presence of 

Pd(PPh,), catalyst, triethylamine, and carbon monoxide in toluene, intramolecular cyclization of (Q3-iodo-3- 

alken-1-01 afforded (m-alkylidene-y-butyrolacton in 18 hand in good yields. Using tetrahydroh as the 
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n + ~ ~ ~ ~  (eq 11 

cat. TMSCl f 
R' 

R' R' = H, alkyl, aryl 

1 

soivent in the cyclization process gave lower yields of the desired product along with some unidentified by-products 

Using 5 mol % of b i i d i h z y l i d e n e a c e t o n e ~  and 10 mol % of biphenylphosphine similar results could be 

also obtained. The steremhanishy of the exocyctic double bond was determined by 2D NOESY (phase sensitive) 'H 

nmr spectral analyses. For example, the 2D NOESY spectrum of compound (34  (Figure 1) shows cross peaks due 

to positive NOES between the vinylic proton and two allyiic protons in the lactone ring (marked with an +). 

Table 1. Conversion of (2)-3-iodo-3-alken-1-one (2) into Qa-alkylidene- y- 

butyrolactone @). 
co 

1 4  MeOH 
25°C 

2 

Entry R = Yield (%) 

1 -H 2a 67 3a 

OMe 

a Z/E ratio was 97/3 as determined by 1H-nmr spectral analysis. 



A stoichiornettic amount of tributyltin hydride was found to be a good reducing agent to replace triethylamine in 

the above reaction to shorten the reaction time to about 2.5 h. S i  reaction conditions have been reported in 

the formylation of organic halides.89 However, it is needed to h o w  that under similar reaction conditions, 2- 

icdoknzyl alcohol only undergoes a h-ansmetallation and reductive elimination of the acylpalladium hydride to 

form aldehyde, rather than direct reductive elimination to form the lactone.' Anempts to carry out the 

deconjugation reaction for S-phenyi-3-pentp2-me to prepare (Z)-3-~lidene-S-methyldihydrofuran-2+ne 

failed under conditions in Eq 1. Only (0 and (2)4icdo-S-phenyl-3-penten-2-0ne were isolated in 45 and 42% 

yields, respectively. However, an aryl or heteroaryl group at thel-position of conjugated ynone could undergo 

deconjugation, reductioq cahnyla& and alcoholysis to give satisfactory results (Enmes 5,6, and 7). 

The mechanism details of the reaction have not yet been clarified. However, the following Scheme 1 predicted 

the structure of the only cyclic product (3) torn the oxidative addion of 2 with palladium(0) catalyst to yield 

vinylpalladium iodide complex, foUowed by the carbon monoxide insertion into the palladium-mbn abond, 

and reductive elimination induced by the alcohol to afford 3 and regenerate the palladium(0) catalyst It is w o k  

noting that reports of the preparation of a-alkylidenelactones with high stemselectivity and in high yield are 

scarce. 

Fire 1. Phase-Sarsitive NOESY spectrum of compound (34. 
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Scheme 1. Roped mechanisn for Pd-catalyzed CO insertion and cyclization of 2. 

EXPERIMENTAL SECTION 

The general pr& for the prep&on of ynones or ynal were followed according to the literature.'' 

GenmalProcedwe for the C m ' o n  of 2 into 3: To a dry flask was charged under nitrogen with 1 mmol of 2, 

I mmol of hiethyhim, 5 mol % of tetralds(triphenylphosphine)palladium(O), and 3 ml of toluene. A balloon 

was ilushed three fimes with h n  monoxide and connected to a condenser attached to the reaction flask The 

system was ilushed with a gentle steam of carbon monoxide for 1 min and then placed in an oil bath at 50 'C for 

another 18 h. Upon completion of the reaction, the reaction mixtore was quenched with 10 % ammonium 

hydroxide solution Exmaion (ether), washing (aqueous wdium chloride), drying (magnesium dhte), 

concentrafion, and chromatography (silica gel, hexadethyl acetate = 911 and Chgncosoh 5-ODS-H, MeOH) 

to give 3. 

(2)-SIodo-Snonen-14 (2a): oil; 86 % yield; 1~ m (CDCI3,TMS) G 0.90 (t, J = 7 & 3 H), 1.3 - 1.5 (m, 6 

K),2.~2(4,~=7~2~,2.70(t,J=7~2~,3.75(t,~=7&2~,5.65(t,~=7&1~~~3~nmr 

( m 3 ,  TMS)b 13.98,22.49,27.98,31.37,36.49,47.95,60.99, 103.94, 138.58 ppm;  neat) 3480 @s), 1010 

(s) kl; ms d z  268 @I+), 198, 181, 168; HRms calcd for CgHl-pI 268.0324, found 268.0321. Anal. Calcd 

forCgHlp1: C, 40.31;Y 6.39. Found: C, 40.50;Y 6.55. 

(~Iod&eeen- to i  (2b): oil; 92 % yield; IH nmr (CDCl3,TMS) G 0.90 (t, J = 7 & 3 H), 1.21 (4 J = 7 

Hz,3H),1.25-l.5O(~6H),l.88(s1H),2.13(~J=7&2H),2.57(4J=6&2H),4.09(sactet,J=7 

& 1 H), 5.62 (t, J = 7 Hz, 1 K) ppm; I3c nmr (CDCl3, TMS) G 13.92, 21.79, 22.42, 27.30, 31.29, 36.37, 

54.41,65.93, 104.13, 138.49 p p q  ir (neat) 3300 @s), 1630 (w) m-1; ms d z  282 @l+),264,238, 168; HRms 

calcd for C1&901 282.0481, found 282.0483. Anal. Calcd for C1&9OI: C, 42.57; Y 6.79. Found: C, 



HETEROCYCLES, Vol. 43, No. 12.1996 2729 

42.68; H, 6.92. 

(Z)-~Iodoundec-5en-3-ol(Zc): oil; 88 %yield; IH nmr (CDC13,TMS) 6 0.89 (t, J = 7 * 3 H), 0.98 (t, J = 7 

Hq3H). 1.2- lS(q6H), 1,53(quintet,J=7Hq2H), 1.62(s, lH),211(q,J=7Hz,2H),2.51(dd,J= 

l4,8Hq1H),2.64(d~~=14,3&lH),3.79-3.87(q1~,5.63(t,~=7Hq1H)~~m;~~~nmr(~~~1~, 

TMS) 6 9.93, 13.98, 22.48, 27.96, 28.78, 3 1.34, 36.45, 52.46, 70.84, 104.47, 138.63 ppm; ir (neat) 3372 (s), 

1643 (w) an-l; ms mh 2% (M?, 278,238,168; HRms calcd for C1 1H2101 296.0637, found 296.0635. 

(Z)-S-Iodotehadec-8-en4oI (Zd): oil; 82 %yield; IH nmr (CDC13,TMS) G 0.90 (t. J = 7 Hq 6 H), 1.25 - 1.6 

(m, 14H), 1.7O(s,lH),2.14(q,J=7Hq2H),2.4-2.7(m,2H),3.8-4.O(q IH),5.63(t,J=mlH)ppm; 

13~nmr(CDC13,TMS)G 13.99(2xC's),22.46,22.56,25.27,27.95,31.32,31.79,35.87, 36.42, 52.85, 69.53, 

104.50, 138.58 ppm;  neat) 3390 (s) an.'; ms d z  338 @A+), 320,267; HRms calcdfor C14H270I 338.1107, 

found 338.1105. 

(~5Iod*l-phen~nonen-l+l(Ze):  oil; 90 %yield; 1~ nmr (CDC13,TMS) 6 0.89 (t, J = 7 3 H), 1.2 - 
l.5(m,6H),1.8(s1H),2.13(q,J=7Hq2H),2.83(4J=7Hq2H),5.00(t,J=7~ lH),5.59(t,J=7 

& lH),7.2-7.4(q5H)ppm; 13~nmr(CDC13,TMS)G 13.98,22.48,27.89,31.27,36.45,54.99, 72.17, 

103.55, 125.94, 127.66, 128.40, 139.29, 142.82 ppm; ir (neat) 3422 (s), 1601 (m), 700 (s) an-l; ms d z  326 

@A+ - 18), 238. 

(G ~Iod~l~3,4,5trimethoxyphenyl)non-3en-1~l(Zf): oil; 83 %yield; 1~ m (CDC13,TMS) G 0.89 (t, J 

=7Hq3H),1.2-1.4(m,6H),2.13(q,J=7Hq2H),2.8O-2.83(m,2H),3.83(s,3H),3.87(s,6H),4.92 

(d4J=7,5Hq1H),5.61(t,J=7Hq1H),6.60(~,2~)ppm;13~~(CDC13,~~s)G 13.92, 22.42, 

27.86.3085, 31.27, 36.42, 54.93, 56.08, 60.77, 72.30, 102.76, 103.47, 137.25, 138.58, 139.27, 153.19 ppm; ir 

(neat) 3466 (s), 1595 (s) an-l; ms d z  434 (M'), 416,289, 197. Anal. Calcd for ClgH2-pql: C, 49.78; H, 6.27. 

Found: C, 49.89; H, 6.42. 

(~l-Furan-Zy1-5iodonon-5en-ldl(Zg): oil; 79 %yield; IH m (CDCl3,TMS) G 0.89 (t, J = 7 HZ 3 H), 

1.2-l.5(q6H),1.7(s,1H),2.l2(q,J=7~2H),2.99(4J=7Hq2H),5.0l(t,J=7Hq1H),5.64(t,J 

= 7 & I H), 6.27 (4 J = 3 Hq 1 H), 6.32 (d4 J = 3,2 Hq 1 H), 7.38 (s, 1H) ppm; 13c m (CDCI3,TMS) 6 

13.98,22.48,27.86, 31.25, 36.42, 50.93,66.18, 102.26, 106.78, 11014, 139.56, 142.18, 154.70ppq ir(neat) 

3389 (s) an.'; ms d z  334 (M'), 316; HRms dcd for C13HlgQI 334.0430, found 334.0432. Anal Calcd for 

C13H19@I: C, 4672; H, 5.73. Found: C, 46.78; H, 5.88. 
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(&IHqtidenedihydmfurn-Zone (3a): oil; IH nmr (CDC13,TMS) 6 0.89 (t, J = 7 & 3 H), 1.3 - 1.5 (m, 

6H),2.68(q,J=7HZ2H),2.90(t4J=7,2Hz,2H),4.31(t,J=7Hz,2H),6.23(tt,J=7,2~1H)ppm; 

I3C nmr (CDC13, TMS) 6 13.95, 22.45, 27.44, 28.76, 29.12, 31.39, 65.23, 123.29, 144.44, 170.12 ppm; ir 

(neat) 1767 (S) Cm-I; mlz 168 0 , 1 3 9 , 1 2 5 ;  HRms calcd forC10H16@ 168.1150, found 168.1 148. Anal. 

Cdcdf01C1fl16@: C, 71.39; 6 9.59. F0WId: C, 71.49; Y 9.68. 

(%~H@deneSmethyldihydmfum-Zone (3b): oil; 1~ nmr (CDCI3,TMS) 6 0.89 (t, J = 7 Hq 3 H), 

1.35-l.5O(m;Nithonedoubletat61.39,9H),2.49(d~J=16,4,2Hz,lH),2.69(q,J=7Hz,2H),3.00 

(dd4 J = 16,7,2 Hz, 1 W, 4.56 - 4.66 (m, 1 H), 6.18 (tt, J = 7.2 & 1 H) ppm; 1 3 ~  nmr (CDCI3, TMS) 6 

13.97,21.81,22.47,27.56,28.81,31.41,36.91,73.67, 124.71, 14415, 169.81 ppm;ir(neat) 1766(s)cm1;ms 

d z  182 0 ,  167, 153, 139; HRms calcd for CllHI8@ 182.1307, found 182.1305. Anal. Calcd for 

C l l H l ~ @ :  C,72.49;Q9.95.Found: C,72.58;Y 10.11. 

(eSEthflSh@deneaihydmfum-Zone (k): oil; IH nmr (CDC13,TMS) 6 0.89 (t, J = 7 Hz, 3 3,0.99 

(t,J=7Hz,3H), 1.25-1.50(m,6H), 1.60-1.80(m,2H),2.49-2.57(m, lH),2.69(q,J=7Hz,2H),2.92- 

3.00(m, lH),4.39(quintet,J=7Hz, IH),6.17(tt,J=8,2Hz, lH)ppm;13~nmr(CDCI3,TMS)G9.M, 

13.92,2.40,27.47, 28.74,28.97,31.34,34.70,78.40, 124.52, 143.99, 169.84 ppm ; ir(neat) 1751 (m) cml; 

ms mlz 196 (M?, 167, 153; HRms calcd for C12H20@ 196.1463, found 196.1464. Anal. Calcd for 

Cl2H20@: C, 73.43; H, 10.27. Found: C, 73.53; H, 10.42. 

(+IHe~dene-5pentyldihydmfuran-Zone (3d): oil; IH nmr (CDC13,TMS) 6 0.89 (t, J = 7 Hz, 6 H), 1.3- 

1.8(~14H),1.6-1.8(m,2H),2.52(ddq,J=16,6,2Hz,lH),2.69(q,J=7&2H),2.95(dd~J=16,7, 

1.4&1H),4.44(quintet,J=7&1H),6.17(tt,J=8,2&1H)p~m;~~~nmr(CDC13,TMS)6 13.94, 

22.46, 24.55, 27.50, 28.78, 31.37, 31.49, 35.25, 36.09, 77.33, 124.59, 143.98, 169.81/ ppm; ir (neat) 1754 (s), 

1671 (m), 1185 (s) rm"; ms dz238  (M+), 195; HRms calcd for C15H26@ 238.1933, found 238.1930. Anal. 

CdcdforC15H2602: C, 75.58;Y 10.99. Found: C, 75.70;Q 11.17. 

(z)IHqlidenc5phenyldihydmf~-Zone (3e): oil; 1~ nmr (CDC13,TMS) 6 0.90 (t, J = 7 Hq 3 H), 1.3- 

1.~(~6~,2.75(q,~=7Hz,2H),2.87(ddd~=16,5,2Hz,1~,3.30(dd4~=16,8,2Hz,lH),5.47(t,J 

= 7 &  1 H), 6.23 (tt, J=7, .2& 1 Wppm; 13c nmr(CDC13, TMS)6 14.00, 22.48, 27.64, 28.78, 31:43, 
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38.01, 77.86, 124.04, 125.41, 128.36, 128.74, 140.21, 14468, 169.58 ppm; ir (neat) 1756 (s), 1670 (m) cm"; 

msmlz 244 @I+), 173; HRms calcd for C16H20%2441463, found 2441461. Anal. Calcd for C1&002: C, 

78.65; H, 8.25. Found: C, 78.77; H, 8.42. 

(~%Herytidene-~3,4~trGnethoxyphenfl)~hydmfum-Zone (31): oil; IH nmr (CDC13, TMS) G 0.89 (t. 

J=7&3H),1.3-1.5(m6H),2.75(q,J=7&2H),2.8-2.9(mlH),3.29(dd&J=16,8,1.3~1H), 

5.40(t,J=7* 1H),6.26(RJ=8,2&1H),6.54($2H)ppm;13~nmr(CDC13,TMS)6 13.86.22.35, 

27.55,28.65,31.30,37.99,56.07,60.72,77.81, 102.16, 123.91, 135.73, 137.71, 14471, 153.42, 169.42ppqir 

(neat) 1754 (s), 1669 (m) m-1; ms m/z 334 (M+). Anal. Calcd for ~19~2605: C, 68.24; Y 7.84. ~ound: C, 

68.40; H, 7.96. 

(~He~dene-3,Wihyd~~W-[2J']bifum+5one (3g): oil; 1 ~ n m r  (CDC13, TMS) G 0.89 (t, J= 7 & 

3H), 1.2-1.5(m6H),2.73(~J=7&2H),3.16(~J=7,2&2H),5.44(t,J=7Hq lH),628(QJ= 

7, 2 & 1 H), 6.3 - 6.4 (m 2 H), 7.42 (s, 1 H) ppm; 1 3 ~  nmr (CDCIj, TMS) G 13.94, 22.42, 27.53, 28.68, 

31.35,33.60,71.09, 109.00, 110.41, 123.56, 143,35, 144.38, 151.35, 168.89ppm;ir(neat) 1760(s), 1670(m) 

cm-l; ms ndz 234 (id), 189; HRms calcd for C14Hlg@ 234.1256, found 234.1255. Anal. Calcd for 
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