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Recently, transition metal catalyzed csrbonylation has received umtkous attention because it provides an 

altemative method to quench the carbon-metal bond’ and to incorporate carbon monoxide in a wide variety of 

chemical functions under mild conditions. Thus we wondered whether the carbonylation would occur and the 

products6and7wouldbeformed(schemeI)ifwe~~~ourrsactionsuader~~atmosphereof~n 

monoxide. In this #aper, we report the results of.the carbo~@lation of allylic 2-alkynoatta (4) catalyzed by 

pslladium in the presence of CM& under the atmosphere of carbon mot&de: 

Scheme I 

7 

RESULTS AND DISCUSSION 

Carbonylation of dlyllc 2dkynmtes in CHSOH. Tama~ et al.’ repoti that a-methyl*- 

bu@xktones could be &ained via paMh@@-catalyzed carbouylation of 3-butyn-1-01s. However, under 

similar condition the reauion of allylic 2-hexynoate (4a) with c&m monoxide afforded a compkaW 

mixture under the catalysis of 0.05 equivalent of Pdch in the presence of 5 equivale&s of prapykae oxide, 0.4 

equivalentofe&yl or&oik&e, 3 equivalents of CM& and 4 equivalents ofLXl in CM&H. Conside@ that 

theo~~ti~cleavageof~-~bondin2yiddiag3might~eplaceintbe~oflarge 

amountsof~chloridei~wetriedthereaction~indreabsaLceafLicI. ActuaUy,inst&of*we 

obtainednotonlythescyclicdicarbonylationproduct~butalsothecyclicdi~~proQld *(Table 

1,entryl) SomeLewisac&Izandmoleudaf&vehavebearusedaspromoWs%rpaWiumcata&zd 

carbonylationofalkynesinlite&ures.6 However,i~ourcase,I~ wasf?nmdtohavempromooiaedktwhk 

mokcularsieve4-A(MS-4A)a~I SnClz did promote the dicarbonylation, both oftkminhibkltbe 

cyclkation (Table 1, entries 2 and 3). These results impkd that the pauadhun w carbonyzation in 

CHsOH can not at&d the cyclization products 6. Alper reporkd tbat the ca&onyMon ofalkyneawas 

quite sensitive to the sohrents.’ In ourcases,theso~effectswerealsoimporWkwhenthereactionwas 

tried in themixed solventsof CHKN andCH3OH(4: 1)fbrsverylongtime(6Oh),it yicMednoto&’ 8a 
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Table 1. Palladium Catalyzed Dicarbonylation of Allylie ZHesynoate (4a). 

4a 39 89 9a 

solvent additive reaction yield (o/o)” 

time(h) 3a’ Sac 9a’ 

1 CH3OH 8 0 70 11 

2 CHBOH MS-4A 4 0 78 0 

3 CHaOH Sncl* 6 0 81 0 

4 CHsCNKHaOH(4 : 1) 60 10 20 25 

5 CH&/CH3OH(4 : 1) 12 0 0 73 
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a: A mixture of 4a (152 mg, 1 mmol), PdC12 (9 mg, 0.05 mmol), CuCl2 (405 mg, 3 mmol), propylene oxide 

(290 mg, 5 mmol), t&thy1 orthoformate (60 mg, 0.4 mmol) and the solvent (10 mL) was stirred under an 

atmosphere of carbon monoxide at rt. b: Isolated yield. c: The products were identitled by ‘H NMR, IIZ, mass 

spectral data and microanalysis. 

and 9r, but also 3a (Table 1, entry 4). So the solvent system of CH&NKH3OH is not suitable for the 

carbonylation reaction of 4a, as might be due to the coordination of CH&N to palladium to compete with both 

4a and carbon monoxide.’ While in the mixed solvent of CHK!ldCHsOH (4 : l), the reaction of 4a yielded only 

the cyclic dicarbonylation product 95 which is consistent with Tamaru’s report’ on the dicarbonylation 

cycliition reactions of 3-butyn-l-ok. The results of preparation of 9 were summarked in Table 2. 

Although most of the cont$urations of the exocyclic carbon-carbon double bond in a-alkylideney- 

butyrolactones have been determined by comparing the chemical shifts of allylic protons of the alkylidene 

grOUPS3’ a we were not able to determine the stereochemistry of the exocyclic double bond in 9 by this 

method. Dreiding et al. reported that methinic proton cis to the carbonyl group in methyl 3,3diisopropyl 

propenoate exhibited lower field signal than the one tmns to the catbonyi group by greater than 1.5 ppm.9 In 

our case, I-$ in the major isomer of 9 was found to be in a lower field than that of the minor isomer by -1.3 

ppm, indicating that C s was cis to the a-(1’-methoxycahonyl) group in the major isomer of 9. Thus, the 

contlguration of the exocyclic C=C double bond in the major isomer of 9 was assigned as E-form by 

comparing the chemical shifts of Ha. 
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The most plausible reaction path for the dicarbonylation of 4 is outlined in Scheme II, which is 

characterized by the tkst formation of methoxycarbonylpaJladiumchloride (1O),4 followed by insertion of 

carbon-carbon triple bond to form the intermediate 11 instead of chloropalladation as in our previous results.3 

The intermediate 11 might undergo either the second methoxycarbonylation to give acyclic dicarbonylation 

product 8, or the intramolecular insertion of carbon-carbon double bond followed by methoxycarboqdation to 

form the cyclic product 9, depending upon various factors, such aa solvents, additives, etc. 

Table 2: Dicarbonylation of Allylie 2-Aikyuoates. 

1, ;I cat. ------+R CO.#Ae 

0 0 
CO (1 atm) 

4 9 

entry 4 R reaction time (h) sb isolated yield (%) (Z : E)’ 

I 4a C3H7 15 9a 78 (19 : 81) 

2 4b (3-h 15 9b 80 (22 : 78) 

3 4c ca17 35 9c 62 (30 : 70) 

a: A mixture of 4 (1 mmol), PdC12 (9 mg, 0.05 mmol), CuClz (405 mg, 3 mmol), propylene oxide (290 mg, 5 

mmol), HC(OCJ15)3 (60 mg, 0.4 mmol), CH2Clz(8 mL) and CH3OH (2 mL) was stirred under CO (latm). b: 

The products were contirmed by ‘H NMR, JR mass spectral data and microanalysis. c: The ratio of Z/E 

(referring to the exocyclic C=C double bond in 9) was determined by ‘H NMR spectra. 

Scheme Ik Plausible reaction path for the dimethoxycarbonylaton of allylie 2-•lhynoatea(4). 
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The con&nations of the exocyclic C=C double bonds in 9 depend on the stcreohmishy of the 

insertion of the carbon-carbon triple bonds of 4 into the palladium-methoxycarbonyl bond of 10. In general, 

transition metal hydride and transition metal alkyls react with carbon-carbon triple bonds to give cis vinyl 

adducts.‘o However, results with trans insertion of aikynes into transition metal-alkyl bonds have been 

reported.” Alper reported that the palladium catalyzed carbonylation of alkynes in HCOOH/Hfl yielded not 

only the cis products makic acid derivatives, but also the trans products gnnaric derivatives.” In spite of 

the abundance of examples, there are few detailed mechanistic studies and little is known about the mechanism 

of trans insertions.” Stone12 and S&war@ proposed a dipolar mechanism of cis-trans isomerization of the 

vinyl metal complex initially formed by a cis insertion. In our case, the major isomer (E)-9 might result from 

cis- adducts of alkyne and 10, while tram-adducts were proposed to come from the the cis-trans isometization 

via a dipolar mechanism (Scheme III). 

Carboxylatioa of allylie 2-akyaoates (4) in HOAc. Noticing the tkct that the alkoxycarbonylation of 

allylic 2-akynoates in the present reaction system was sensitive to the solvents, we then studied the 

carboxylation of 4 in HOAc. We first tried the carboxylation of 4d under 1 atm of carbon monoxide in the 

presence of 3 equivalents of CuCh using various palladium complexes as catalysts, such as PdC12(phcNh, 

Scheme III 

Jjy _“@gjy _M_yy 

0 

cis-insertion trans-imertion 
adduct adduct 

h 4 

(E)_ 9 (zF9 

PdCh, Pd2(dba)r’ CHCl,, PdClflhrP)r and Pd(OAcb. We found that the reaction could proceed well to give a- 

(E)-chloroalkylidene-butyrolactone @cetic acid (7d) only under the catalysis of Pda(dbah CHC4 and 

MS-4A (Table 3, entry 1). Table 3 shows the results of the effect of LiCl on the reaction. Increasing the 

amounts of LiCl could increase the Z/E ratio of 7d (Table 3, entries 2 and 3). When 4 equivalents of LiCl was 

added, the reaction yielded mainly (Z)-7d (entry 4). When 6 or more equivalents of LiCl were added, ahnost 

only (Z)-7d was obtained(entries 5 and 6). However, increa@ the amounts of LiCl also decrea& the yield of 
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Table 3. Effect of LiCl on the CycliitiowChrboxylation of Allylic 2-Butynoate (4d).’ 

4d M 7d 

LiCl reaction Wated yield (?h) 

(mm00 time (h) 3db 7db( Z:E)’ 

1 0 40 0 77 (<3:97) 

2 1 35 4 70 ( 20: 80) 

3 2 35 8 70 ( 33 : 67) 

4 4 25 15 66 (9O:lO) 

5 6 20 20 64 p97: 3 ) 

6 10 15 59 10 (>97: 3) 

a: Reaction conditions: A mixture of 4d (124 mg, 1 mmol), Pdz(dba& CHCls (51 mg, 0.05 mmol), CuCls (405 

mg, 3 mmol), MWA (100 mg) and HOAc (10 mL) was stirred at rt. under 1 atm of CO; b: The products were 

continned by ‘H NM& JR, mass spectral data and microanalysis; c: The Z:E ratio referred to the exocychc 

carbon-carbon double bond in 7d. 

7d and increased the yield of dicblorosubstituted htctone 3d, although the reaction time was shortened (Table 

3, entries 2-6). 

Cut&, LiCl 
Pd,(dbab. WC& 

CO (1 atm), WAC 

) ckcI + c+jkH (2) 

MS 4A 
4 20 h 0-Q (W (ZI-7 W) 

a: R = WC& 18 58 
b: R=tvC& 19 61 

d: R=CHs 20 64 

e: R=nC,H,s 21 59 

f: R=Ph 16 56 

When the reactions of allylic 2-alkynoates (4) were carried out in the presence of 1 atm of carbon 

monoxide, 3 equivalents of Cur& and 6 equivalents of LiCl under the catalysis of Pdz(dbak CHC& and 

MS-4A in HOAc, (Z)-7 and (Z)-3 were obtained (equation 2) in the ratio of 3 to 1 [(Z>7/(2>3]. Under 
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similar condiiions, when the reactions of 4 were run in the absence of LiCl, only Q-7 were obtained (equation 

3). All products were confirmed by ‘H NM& IR and mass spectral data. The con6Suration of the exocyclic 

carbon-carbondoublebondin the products3 and 7 were determined by cornpa@ the chemical &i&s of 

allylic protons in R group, in which E-form products exhibited lower field siSnals for ahylic protons than Z- 

form products in ‘H NMR spectra because of the deshiehliq eRbct of the carbonyl group in lactones3~ ’ 

Thus, by controll@ the amounts of added LiCI, we could synthesize both a-(Z)- and a-(E)-chloroalkylidene 

‘y-butyrolactone S-acetic acid (7) in high stereos&ctivity. 

CUCI, 

Pd?(dbak. CtiCb 

CO (1 atm), HOAc 

40 h 

Cl 

OZH 
(3) 

(W-7 (W 

a: R=mCSH, 6Q 

b: R = nC,H, 72 

d: R=CH, 77 

e: R = mC,HIS 70 

t R=Ph 71 

The plausible reaction path is assumed in Scheme IV. Viilpahadium intermediate 13 was first formed 

by chloropalladation of carbon-carbon triple bond in the presence of CuCia ? Then an intramolecular insertion 

of allylic carbon-carbon double bond into the carbon-palladium bond in 13 would predominate to form the 

cyclic intermediate 14 over the insertion of carbon monoxide. Fi, in the presence of HOAc, a- 

chloroalkyhdene-y-butyrolactone S-acetic acid (7) would be formed via the intermedke 5 formed by the 

insertion of carbon monoxide into the carbon-palladium bond in 14. If there exists enoqh free chloride ion in 

the reaction system, the oxidative cleavaSe of the carbon-palladium bond might compete with the insertion of 

CO in 14, which a&rded dichlorosubstituted lactones 3.“. ’ 

Alper’ reported that the dicarbonylation reactions of akynes could take place under the catalysis of PdCla 

and CuCla in the presence of CO and 02 However, we were not able to observe the acyclic 

dicarbonylation products in the present reaction system. The results miSht be attributed to the ehxtron- 

deticient carbon-carbon triple bond and the excess amount of CuClr in our cases which made the 

chloropalladation of carbon-carbon triple bonds occur predomkrtly in acetic acid.3*‘4 The stereochemistty of 

halopalladation of carbon-carbon triple bonds has been reported ‘c16 to be quite sensitive to the solvents and 

the amount of LiCl. Tram halopahadation of carbon-carbon triple bond occurs in polar solvents with large 

amountof Lix;othtise,cis.halopaUad&on takes place pm&m&m@. In our casqthe results that 

Z/P ratio of cyclic products increased with the amount of LiCl are consistent with this rule and our previous 

lTpOltS.” 
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Scheme IV 

J. JI and X. Lu 

Tsuji” reported that the carbonylation of alkenes gave acyl chloride under the catalysis of PdCh. 

Fujiwara” reported that the Pd(OAcb catalyzed carbonylation of benzene in HOAc a&&d benzoic acid via a 

mechanism involving the formation of the acetic-benzoic anhydride followed by acidolysis. Thus in our cases, 

a-chloroakylideneq-butyrolactone B-acetic acid (7) might be formed via acyl chloride 15 and / or anhydride 

16 followed by acidolysis in the presence of HOAc. 

15 16 

EXPERIMENTAL SEeLloN 

InCared spectra were obtained with a Shimadzu JR-440 instrument. Nuclear magaetic resonance spectra 

were recorded with a Varian EM-360L or Varian XL-200 spectrometer and were reported in ppm down&Id of 

internalt~e(6units).MassspectraldataweretakenonaF~~4(nlspectrometer.. 

start@ materials allylic 2-akynoates 4 were synkked according to the reported pro&ure.k 

General procedure for Palladium Catalyzed Dkarbonyl8tion of Ally& 2-lbsynoate (4a) in C&OH. 

In an atmosphere of CO, the sohxnts (10 mL, see Table l), propylene oxide (290 mg, 5 mmol), ethyl 

orthofbnrrate (60 SO.4 mmol) and allylic 2-hqnoate (4a) (152mg$ lmmol) were introduced wlocessivdy 

into the flask containing PdC& (9 mg, 0.05 mmol) and anhydrous CuCl&IOS mg, 3 mmol) via syriqes. The 

mixturewas Sirredatroom kmpemt~ fbr the period of time indicated in Table i. After evaporation of the 
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solvents under reduced pressure, ether(8OmL)wasaddedtotheSaskandthemixturewasthenfiltered 

~~acelitep~.Thefiltercakewaswasheriwithether(3xlOmL).Thewmbined~swaewashed 

with saturated brine. After being dried (MgSO4) and removal of ether, the yellow residue was subjected to 

cohnnn chromatography on silica gel (eluent: petroleum ether : ethyl acetate = 10 : 1) for purilkation. The 

results are shown in Table 1 and Table 2. The spectral and analytical data of the products are as follows: 

AJlyJ 2,3-Diiethoxyc8rbonyl-2-hexenoate (Sa): JR (neat) 3050, 1740, 1720, 1630, 1460, 1240, 1020, 

970 cm“; ‘H NMR (60 MHz/CCL) 6 6.2~5.6(m, lH), 5.4S.l(m, 2H), 4.6(d, J=S.OHa, 2H), 3.7(s, 3H), 3.6(s, 

3H), 2.8(t, J=8.OHx, 2H), 1.3(m, 2H), l.O(t, J=7.OHz, 3H) ppm; MS m/e 27l(M’+l), 243,211, 185, 152, 125, 

109,93. Anal. Calc. for Cr3Hn& C. 57.77; H. 6.71. Found: C. 58.25; H. 7.17. 

a-(1’-Metho~~rbonylbutylidene~~m~bo~~n~-bo~~c~e (98): IR (neat) 1770, 1720, 

1440, 1200, 980, 750 cm-‘; ‘H NMR (200 MHzKDCl~) 6 4.36(dd, J-10.0, 6.OHx, lH), 4.24@, J=lO.OHx, 

iH), 39O{m, 0.8lHm of (E)-9a]}, 3.80(s, 3H). 3.72(s, 3H), 3.04-2.82(m, W), 26O(m, 0.19HIHQ of (Z> 

981). 2.54(m, 2H.), 1.5O(m, 2H), 0.98(t, J=7.OHa, 3H) ppm; MS m/e 27l(Lb@+l), 255, 239, 211, 197, 183, 

178, 165, 149, 119.Anal.Calc.forC,&&:C. 57.77;H.6.7l.Found:C. 57.92;H.6.50. 

a~l’-Methor~~~~e~~rn~o~~n~-bu~~~ae (9b): IR (neat) 1770, 1730, 

1630. 1220, 1140, 790 68Ocm-’ ; ‘H NMtZ (200 MHz.‘CDCls) 6 4.36(dd, J=lO.O, 6.OHz, H-J), 4.16(d, 

J=JO.OHq lH), 3.88{m, 0.78m of (E)-9b]], 3.78(s, 3H), 3.70(s, 3H), 2.98-2.78(m, 2H), 2.6O(m, 

0.22Hh of (Z)-9b]},2.5O(m, 2H), 1.70@ 2H), 1.40@, 2H), O.!B(t, J=6.OHz, 3H) ppm; MS m/e 2840 

252,210, 187, 151, 107. Anal. Calc. for C&&g: C. 59.14; H. 7.09. Found: C: 59.46; H, 6.72. 

a-(1’-MethoIyelrrbonyylnon~~e~~m~hore (Se): lR (neat) 1770, 1730, 

1650, 1420, 1210, 890, 780 cm-’ ; ‘H NMR (200 MHzKDCl~) 6 4.4O(dd, J=lO.O, 6.0 Hz, lH), 4.2O(dd, 

J=lO.O, l.OHx, WI), 39O{m, 0.7OH[HB of(E)-9e]}, 3.84&s, 3H), 3.72(s, 3H), 2.94@, 2H), 2.7O(m, 0.3OH[HB 

of (Z)-9e]},26O(m, 2H), 1.3O(m, 12H), O.SO(t, J+OHx, 3H) ppm ; MS m/e 34l(M’+l), 309,267,223,210, 

177, 151, 119. Anal. Calc. forCrsHBO,j: C. 63.5l;H. 8.29. Found: C.63.32; H. 7.85. 

Palhdium Catalyzed Carbonyhtion of Allylic ZAlkyn~~ (4) in HOAc: Typial procedure: In an 

atmosphere of CO, HOAc (10 mL) and 4r (152 mg, 1 mmol) were added into a flask contaming Pd&ibab 

CHCb (51 mg, 0.05 mmol), CuClr (405 mg, 3 mmol), LiCl (255 mg, 6 mmol) and MS-4A (100 mg) via 

syrhrgeandthemixturewas&redatroomtempe&um with monitoring by TLC on silica gel. After the 

reactionwascompleted,ether(l00mL)wasaddedandthebrownndxturewaswashedwithwater(2xlOmL) 

andsaturatedbrine(3x10mL)togiveacdorlesssolution.AAerbeingdriedoverMgSOIand~of 

ether, the residue was subjected to purification by preparative TLC on silica gel (ehmnt: petroleum ether: 

acetone = 1 : 2). 3a (40 mg, y. 18%) and 7r (135 mg, y. 58%) were finally obtained. 
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a-fzHl’-Cblorobc~~~-b~~~e [(Z)-3fJ: mp 144-147oC; IR (@) 

3080, 1760, 1640, 1600, 1580, 1500, 1480, 1240, 920, 770, 730, 700, 630, 570 cm-’ ; ‘H ~~~(200 

~c~~3) 8 7.44(m, 5H), 4.48(m, J=2.0% w), 3.%@1, II%), 3.80@, 2X-I) ppm; MS m/e (%) 

260[M’(23’CI), 2.121, 2581?@(37Cl, 12.841, 20.031, 207, 181, 1 AI&. 

forhI-bC1’102: 56.06; 3.92. C. H. 

a_(ZHl’-Cblorobutene~-brtyrdretoae &A&k Acid [(Z)-7a]: mp 138-MOW; ; R (nujol) 

3000-2500, 1750, 1700, 1640, 1470, 1380, 1220, 920 720, 680 cm-’ ; ‘H NMR(200 h&/CD&)CD,) 6 

4.4qdd, J=lO.O, 6.OH2, II-Q 4.2qdd, J=lO.O, 2.OHz, lH), 3.7qm, lH), 2.64(m, 4H), 1.7qm, w), l.qt, 

J=6OW 3H) ppm; MS m/e (%) 234[M’(37Cl), 13.481, 232F1’(35Cl), 38.601, 197, 175, 173, 151, 137, 109. 

Anal. Cak. for C&13C10,: C. 51.62; H. 5.63. Found: C. 51.36; H. 5.93. 

a_(EHl*-Cabrobo~~e~bu~~~ne B-Acetic Acid I(E)-7a]: oil; JR (neat) 3500, 1760, 1720, 

1660, 1650, 1380, 1220,910,790,650 cm-’ ; ‘H NMR(200 MH&D$XJC&) 6 4.43(dd, Jts.0, 7.0H2, lH), 

4.18(dd, Js.0, ~.OHZ, lH), 3.58(m, N-i), 3.10@, 2H), 2.7O(m, 2H), 1.60@, 2H), 0.96@, F7.OH2, 3H) ppm; 

MS m/e (%) 234w(37CI), 12.241, 232@f+(35CI), 34.481, 219(4.27), 217(8.42), 197, 175(32.41), 173(100.00), 

151,137, 109. Anal. Cak. for C&nClO,: C. 51.62; H. 5.63. Found: C. 52.00; H. 6.05. 

a~Z~l’-Chlo~~atene~-bu~~~~~e B-Acetic Acid [(Z)-7b]: mp 140-1420C; JR (nujol) 

3000-2500, 1750, 1700, 1640, 1470, 1280, 1210, 920, 780, 680 cm-’ ; ‘H NMR(200 MIWC~COCQ) 6 

4.4qdd, J=lO.O, 6.OH2, lH), 4.18(dd, J=lO.O, 2.OHz, U-l), 3.73(m, U-I), 2.64(m, 4Hj’, 1.7qm, 2I-Q l.49@, 

2H), 0.95(t, J=6.OHz, 3H) ppm; MS m/e (%) 249w(37Cl)+l, 24.461, 247~(35Cl)+1, 71.691, 220(16.06), 

218(50.75), 189, 187, 151, 145, 112, 105. Anal. Cak. for CI&CIOI: C. 53.56; H. 6.13.Pound: C. 53.51; H. 

6.37. 

a-(EHl’-Chloropentylidene~-bu~~ctone &Acetic Acid [(E)-7b]: oil; IR (neat) 3400, 1760, 1700, 

1660, 1640,1470, 1380,1220,940,830,770,740,660 540 cti’ ; ‘H NMR(200 MHzKXhCOC!~) 6 4.5O(dd, 

J=lO.O, 6.OHz, H-I), 4.2O(dd, J=lO.O, 2.OH2, H-I), 3.53(m, lH), 3.2O(m, 2H), 2.8O(m, 2H), 1.60@, 2H), 

1.41(m, 2H), 0.9O(t, J=7.OHz, 3H) ppq MS m/e (%h) 248w(37C1), 8.241, 246[M’(35Cl), 20.821, 219(11.83), 

217(35xX), 211, 189(14.03), 187(39.35), 171, 169, 145, 112, 105. Anal. Caic. for CIIHISCIO~: C. 53.56; H. 

6.13. Found: C. 53.35; H. 6.29. 

a-(Z)-@‘-Chloroethylideme~butyrdactone &Acetic Acid [(Z)Jd]: mp 159-162oC; ; IR (nujol) 

3000-2500, 1750, 1700, 1650, 1470, 1380, 1220, 92Q 780, 680 cm-’ ; ‘H NIvlR(200 MHzKD3COCD3) 6 

4.4O(dd, J=9.0, d.OHz, lH), 4.18(dd, J=9.0, 2.OHz, lH), 3.72(m, U-I), 2.68@, 2H), 2.40@, 3H) ppm; MS m/e 

(%) 20&l+(37Cl), 0.81, 204[M+(3sCl), 2.501, 185, 171, 128, 115, 105, 102. Anal. Cab for C&ClO,: C.46.96; 

H. 4.43. Found: C. 46.75; H. 4.40. 

a-(E)-(1’-Cbloroethylidene)+utynvlectone &Acetic Aeid [(Eb7d]r mp 90-92W; IR (aujol) 3000- 

2500, 1750, 1700, 1660, 1640, 1370, 1230, 960, 810, 780, 740, 660 480 a-‘; ‘H -200 
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MHzKDsCGCDs) 6 4.5O(dd, J=9.0, 6.OHz, lH), 422(dd, J=9.0, 2.0% HI), 3.66@, lH), 2.8O(m, 2H), 

2.64(s, 3I-I) ppm; MS m/e (%) 207~(37Cl)+l, 16.651, 205fM+(3’Cl)+l, 53.441, 188(9.16), 186(26.75), 

160(13.97), 158(33.97), 147(36.10), 145(100.00), 123, 117. Anal. Calc. for CsHsClO,: C.46.%; H. 4.43. 

Found: C. 46.70; H. 4.18. 

a-(Z)-(l’-CbloroocQlidene~-butyrolactone &Acetic Acid [(Z)-7eJ: mp 110-l 12oC; II2 (nujol) 3000- 

2500, 1750, 1700, 1640, 1470, 1380, 1220, 910, 680 cm-’ ; ‘H NMR(200 MH&DpCGCDI) 6 4.4O(dd, 

J=lO.O, 6.OHz., lH), 4.2O(dd, J=lO.O, 2.OH2, lH), 3.76(m, H-J), 2.6O(m, 4H), 1.70-1.20@, lOH), 0.98(t, 

J=7.OHz, 3H) ppm; MS m/e (%) 289[M’(37Cl)-l, 1.521, 287w+(35Cl>l, 4.531, 276, 274, 261, 259, 

234(22.53), 232(60.59), 197, 175, 173, 137, 109. Anal. Calc. for C&H~#lO4: C. 58.23; H. 7.33. Found: C. 

58.39; H. 7.72. 

a-(E~l’-Cblomoctylidene)-y-butyroktone $-Acetic Acid [(E)-7e]: oil; IR (neat) 3400, 1750, 1710, 

1660, 1470, 1380, 1260, 820, 720, 660 cm- ’ ; ‘H NMR(90 MHzKDsCGC4) 6 4.45(dd, J=9.0, 7.OHz, IH), 

4.15(dd, J=9.0, 2.OHz, H-I), 3.6O(m, H-I), 3.lO(m, ZH), 2.75(d, J=4.OHz, 2H), 1.60-1.20@, lOH), 09O(t, 

J=6.OHz, 3H) ppm; MS m/e (%) 290[M’(37CI), 5.301, 288[M*(35C1), 17.241, 219(19.56), 217(61.23), 175, 173, 

157, 137, 123,109. Anal. Calc. for Cr&rClO,: C. 58.23; H. 7.33. Found: C. 58.24; H. 7.64. 

a~Z~(l’-Chlolpbbu~~~one &Acetic Acid [(Zk7@ mp 166-168oC; IR (nujol) 

3000-2500, 1750, 1710, 1640,1600, 1470, 1220,910,790,720, 690 cm-‘; ‘H NMR(200 MHiXDsCGC~) 

6 7.42(m, 5H), 4.58(dd, J-9.0, 7.OHz, H-I), 424(dd, J=9.0, 2.OH2, HI), 3.84(m, Hi), 2.96& 2H) ppq MS 

m/e (%) 269[M’(37Cl)+1, 19.301, 267w(35Cl)+1, lOO.OO], 222,220, 185, 171, 128, 115, 105. Anal. Caic. for 

C&J,rClO~: C. 58.55; H. 4.16. Found: C. 58.49; H. 3.91. 

a-(E)-( l’-Cblorobeozylidene)bu~~~one B-Acetic Acid [(Eb7fj: mp 12 1- 123oC; IR (nujol) 

3000-2500,1750,1710,1640,1600,1470, 1290,910,790,760,700 cm-’ ; ‘H NMR(200 MHzKD3CGCD3) 6 

7.56(m, 5H), 4.52(d, J=9.OHz, H-J), 4.14(dd, J=9.0, 4.OHq H-l), 3.84(m, H-J), 2.3O(m, 2H) ppm; MS m/e (%) 

268~$‘Cl), 7.351, 266Fz’(3’Cl), 19.671, 222(31.66), 220(100.00), 185, 171, 145, 128, 115, 105. Anal. 

Calc. for CrsHrrCl04: C. 58.55; H. 4.16. Found: C. 58.32; H. 4.30. 
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