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Absfract : S-Aryl and 5-alkyl substituted @)-3-[l-(aryl)methylidene]- and (E)-3-( I-alkylidene)-3H-furan- 

2-ones. (E)-9. have been selectively synthesized by cyclization of the corresponding (E)-2-(1-alkynyl)-3- 
aryl/alkylpropenoic acids, (E)-11. in the presence of AgN03 or Pd-catalysts such as rrans-di(p- 
acetato)bis[(di-o-toIylphosphino)benzyl]dipalladiu~n(II) or that constituted of a mixture of Et3N and 

PdClz(PhCN)z or PdC12(CH3CN)2. in a 3 : 1 molar ratio, respectively. A representative (E)-5-aryl-3-I l- 

(aryl)methylidene]-3H-furan-2-one, I.P. (E)-Yi, has been also prepared by a tandem process involving a 
Pd(O)- and Cu(I)-catalyzed cross-coupling reaction between an I-alkyne and a (Z)-3-aryl-2- 

bromopropenoic acid followed by a catalytic intramolecular oxypalladation of the resulting cross-coupled 
product. However, when this same approach was used IO prepare an (E)-5-akyl-3-[l-(aryI)methyIidene]- 
3H-furan-2-one, i.e. (E)-9j. a mixture of (E)-9j and the corresponding (E)/(Z)-5-(l-alkylidene)-3- 

(aryI)methyI-SH-furan-2-one, i.e. (E)/(Z)-20, was obtained. Finally, in an attempt to prepare an (Q-4- 
alkyI-5-aryI-3-[l-(~I)methylidene]-3H-furaii-2~o~~e, i.e. (E)-14a, by a tandem process involving the 
intramolecular oxypalladation of an (E)-enynoic acid, (E)-11, followed by a cross-coupling reaction of the 
resulting compound with an aryl iodide, a (Zj-S-( I-allrynyl)-4-~I-3-arylmethyl-5H-furan-2-one, i.e. (Z)- 
22. has been stereoselectively obtained. 0 1997 Elsevier Science Ltd. All rights reserved. 

In recent years considerable attention has been devoted to the synthesis of five-membered lactone 

derivatives by Ag-, Hg-, Rh- or Pd-catalyzed intramolecular additions of carboxylic acids to alkynes.l-4 

Lactone derivatives, which have been prepared according to these procedures include 5substituted 3H-furan-2- 

ones, 1,4(: 5ylidene-tetrahydrofuran-2-ones, 2,1c,d,2h-er3a,bs4c (Z)-5-ylidene-SH-furan-2-ones, 3,1b,le,4b and (Z)- 

3_ylidenephthalides, 4.1a.lc On the other hand, modifications of these procedures, in which an alkynoate, 5, is 

reacted with an ally1 halide,5 a 1-bromo-1-alkyne6 or an aryl halide or triflate, 6,7 in the presence of a Pd- 

catalyst, have been employed to synthesize .5-ylidene-tetrahydrofuran-2-ones of general formula 7. 

0040-4020/98/$19.00 0 1997 Elsevier Science Ltd. Al1 rights reserved. 
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1 (Z)-4 0 
More recently, analogous carbopalladation-heterocyclization sequences involving the potassium salts of 

pentynoic acids 3- or S-substituted with an iodoaryl moiety have been used to prepare in satisfactory yields a 

variety of benzo-annulated 5-ylidene-tetrahydrofuran-2-ones of general formula 8.8 

0ooc/t/R4 R3_X $$-$- .p” 
5 6 R4 7 8 

Interestingly, compounds 3 e 4 have been also recently synthesized by tandem processes involving 

intermolecular Pd-catalyzed cross-coupling reactions between 1-alkynes and o-iodobenzoic acid or 3-halo-2- 

alkenoic acids, respectively, followed by Pd-catalyzed cyclization of the resulting cross-coupled products.9-1J 

Nevertheless, strategies similar to those used for the synthesis of compounds 1-4, 7 and 8 have not been 

employed so far for the stereocontrolled synthesis of 5-substituted (E)-3-ylidene-3H-furan-2-ones of general 

formula (E)-9. In fact, the only method reported in the literature for the synthesis of some compounds of this 

class, i.e. (E)-3-[ 1 -(aryl)methylidene]-5-aryl-3Wfuran-2-ones, involves a Pd-catalyzed cyclocarbonylation of 3- 

aryl-1-propynes and iodoarenes or carboxylic acid chlorides. 12 On the other hand, previous methods, which 

consist of reactions between rketoacids and aromatic aldehydes under Perkin-Erlenmeyer conditions, afford 5- 

substituted 3-[ I-(aryl)methylidene]-3H-furan-2-ones of unknown configurationJ3 and are unsuitable for the 

preparation of the corresponding 3-(1-alkylidene) derivatives. 

(E)-9 : R’ = alkyl, aryl 
R’ = alkyl, aryl 

(E)-10 

Since we are currently interested in developing efficient and selective methods for the synthesis of 

compounds with potential toxic activity against fungi which are noxious to agricultural crops or to wooden or 

papery materials,J4 we decided to explore new methods for the selective and stereocontrolled synthesis of 
compounds (E)-9. In fact, these substances have structural features common either to compounds 1 or(E)-3- 

ylidene-tetrahydrofuran-2-ones, (E)-10, some of which have proven to be characterized by antifungal 

activity.JjsJ6 Thus, with the findings gained in the studies on the synthesis of compounds l-4 in mind,J-4,9-JJ 

we investigated the synthesis of compounds (E)-9 either by a transition metal-catalyzed cyclization of the 

corresponding (E)-2-( I-alkynyl)-3-aryl/alkylpropenoic acids, (E)-11, or by a tandem process involving a Pd- 

catalyzed cross-coupling between (Z)-3-aryl-2-bromopropenoic acids, (Z)-12, and 1-alkynes, 13, under the 

Sonogashira conditionsJ7 and a subsequent Pd-catalyzed cyclization of the (E)-2-( 1-alkynyl)-3-arylpropenoic 
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acids, (Q-11, so obtained (Scheme 1). 

R’ R 

H 
< > H + H-R’ 

COOH COOH 

(E)-11 (E)-9 (Z)-12 13 

In this paper we wish to report the results obtained in the study of these synthetic strategies as well as that 

of an attempt to prepare an (E)-5-alkyl-4-aryl-3-[ 1-(aryl)methylidene]-3H-furan-2-one, (Q-14 by a tandem 

process involving the oxypalladation of an (E)-2-(l-alkynyl)-3arylpropenoic acid, (E)-11, followed by a cross- 

coupling reaction of the resulting product with an aryl iodide. 

(E)-14 : R = atyl; R’ = alkyl; R’ = aryl 

RESULTS AND DISCUSSION 

Stereoisomerically pure compounds (Q-11, which in our first synthetic strategy were used as precursors 

to 5substituted (E)-3-ylidene-3H-furan-2-ones, (E)-9, were synthesized from alkyl (Z)-2,3-dibromo- 

propenoates, (Z)-15, according to the retrosynthetic analysis shown in Scheme 2. 

R Br 

H > H 

(Z)-17 

H H + 

COOH CIZneR’ 

(Z)-15 

+ 

R-ZnCI 
16 (E)-19 18 

or 
H-=-R’ 

13 

Thus, 3-aryl and 3-alkyl substituted alkyl (Z)-2-bromopropenoates, (Z)-17, were prepared according to a 
procedure developed in our laboratory for the selective and stereospecific monoarylation and monoalkynylation 

of alkyl Q-2,3-dibromopropenoates. *&I9 In particular, easily available (Z)-15a or (Z)-lSb’8 were reacted with 

1.2 equiv of an arylzinc chloride, 16a, 16d, 16e, 16f, 16g or 16h, in THF at 20 “C, in the presence of 5 mol % 
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Pd(PPh3)4, to give the corresponding stereoisomerically pure compounds (Z)-17a, (Z)-17d, (Z)-17e, Q-17f, 

(Z)-17g and (Z)-17h in 84,65,77,84,85 and 88 % yield respectively. [Eq. (l)]. 

H 

Br lu 
\ COOR2 

Br 

(Z)-15a-h 

R* 

t 

a CH3 

b C2H5 

+ R-ZnCI 
Pd(PPh3)4, THF, 20 “C 

PdClz(dppf;IrTHF, 20 “C 

16a-h 

: 
#,4-<&,H3 

wC~H~ 

i-QHo 

3,5-C12C& 

C6H5 
4-F-C&I4 

2-thienyl 

4-Cl-C6H4 

- 
a 

b 

C 

d 

e 

f 

g 
h 

H 

& 
\ COOR2 (1) 

Br 
(Z)-17a-h 

R R* yield (%) 

$4-<$CaH3 C2H5 841*c 

n-C4H9 CH3 63 

i-CqHg CH3 79 

3.5-Cl2CoH3 CH3 65 

CgH5 C2H5 77’8a 

4-F-(&H4 CH3 84t*a 

2-thienyl CH3 8518a 

4-Cl-C& CH3 88 

A similar procedure, in which the catalyst precursor was PdClz(dppf) and the organometallic reagents 

were butyl and isobutylzinc chloride, 16b and 16~. was used to synthesize the stereoisomerically pure alkyl (Z)- 

3-alkyl-2-bromopropenoates (Z)-17b and Q-17c in 63 and 79 % yield, respectively [Eq. (l)]. 

Two different methods were then employed to convert stereospecifically compounds (Z)-17a-h so 

prepared into the corresponding methyl (E)-2-(1-alkynyl)-2-alkenoates, (Q-19. The first method, which was 

used to prepare compounds (E)-19a-e, involved a cross-coupling reaction between compounds (I$-17b-e and 

1.5 equiv of 1-alkynylzinc chlorides, 18a-d, in THF under reflux, in the presence of a catalytic amount of 

Pd(PPh3)4 [Eq. (2)]. Stereoisomerically pure (Q-19a, (E)-19b, (E)-19~. (E)-19d and (E)-19e were so obtained 

in 62,71, 84,74 and 88 % yield, respectively. 

b00R2 

(Z)-17a-e 

+ R’--=---ZnCI 
Pd(PPh3)4, THF 

20 - 70 OC H (2) 

18 (E)-19a-f 

R’ - 
WS 

jr-‘W13 
4-CR3-C6& 

,r-C3H7 

R R1 R* yield (%) 

n-C4H9 n-CgH13 CH3 62 

i-QHg C&H5 CH3 71 

3,5-Cl&jH3 4-CH3-C&H4 CH3 84 

3,5-Cl*CgH3 rz-C3H7 CH3 74 

C6HS C6H5 C*H5 88 

The second method, which involved a Pd(O)- and Cu(I)-catalyzed coupling reaction between compounds 

(E)-17 and I-alkynes, 13, under the Sonogashira conditions, 17 allowed to prepare stereoisomerically pure (Q- 
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19f, (Q-19g and (E)-19h in 56.66 and 53 % yield, respectively [Eq. (3)]. 

139 

R R 

H + H 

(Z)-17a,f-g 

$i$ & p~~3~~ 

Finally, treatment of THF solutions of compounds (E)-19a-h with a molar excess of aqueous 3N NaOH at 

room temperature for 24 h followed by acidification with diluted H2SO4 provided the corresponding carboxylic 

acids (Q-11 in 95-100 % yield. 

R 

H V 
L-5- 

R’ 

COOH 
(E)-lla-h 

a b C d e f g h 

R rr-C4H9 X4H9 3,5-C12C6H3 3,5-Cl&H3 C6Hs 3,4-<$CaHs 4-F-CeH4 2-thienyl 

R’ n-C6H13 CeH5 4-CH3-C6H4 rr-C3H7 C6H5 C6HS JI-C6H 13 ,1-C4H9 

With an efficient route to compounds (E)-11 established, three different procedures (procedures A-C) for 

the transition metal-catalyzed cyclization of these carboxylic acids to the corresponding 5-substituted (E)-3- 

ylidene-3H-furan-2-ones, (Q-9, were examined. Procedure A, in which the catalyst system was the same that 

Utimoto and coworker& employed for cyclization of 3-, 4- and 5-alkynoic acids, involved the reaction of 

compounds (Q-11 with 5 mol % PdC12(CH3CN)z or PdCl2(PhCN)2 and 15 mol % Et3N in THF at 65’C or in 

DMF at 90 “C. In procedure B, unprecedently employed for similar reactions, the cyclization of compounds 

(Q-11 was carried out in toluene under reflux, in the presence of 5 mol % of a palladacycle, i.e. trans--di(u- 

acetato)bis[(di-o-tolylphosphino)benzyl]dipalladiu~n(II)~~ and in the absence of any base. On the other hand, 

procedure C involved treatment of acetone solutions of compounds (E)-11 with 20 mol % AgN03 at room 

temperature. The results obtained using these procedures, which are summarized in the Table, reveal the 

following features. All cyclizations carried out using procedure A (Entries 1, 4, 7, 8 and 9) required long 

reaction times and. among these reaction, those which were carried out in THF solution (Entries 1, 7, 8 and 9) 

gave the desired products, i.e. (E)-9f, (E)-Yg, (Q-Ye and (E)-Yh, respectively, in modest to satisfactory yields. 

On the contrary, cyclization of (E)-llc (Entry 4), which was carried out in DMF solution since this carboxylic 

acid was not soluble in THF, afforded (E)-9c in very low yield. It must be noted that an attempt was made to 

increase the yield of this reaction by using Pd(PPh3)4 as catalyst in the absence of Et3N. Unfortunately, in 

contrast to the good results obtained by Kotora and Negishi for lactonization of (Z)-2-en-4-ynoic acids in DMF 

or CH3CN solution in the presence of Pd(PPh3)4,‘h only traces of compound (E)-9c were obtained. 
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Interestingly, procedure B gave results comparable or better than those obtained when procedure A was 

employed. In fact, the cylization reactions were cleaner than those perfomed using procedure A and proceeded 

in times comparable or shorter than those which were necessary when this last procedure was employed. 

Moreover, cyclization of (E)-lle according to procedure B (Entry 6) afforded (E)-9e in a yield (87 %) better 

than that obtained in the preparation of this compound according to procedure A (42 %) (Entry 8). 

Table 1. Synthesis of 5-Substituted (E)-3-Ylidene-3H-furanones, (E)-9, by Cyclization of the Corresponding 3- 
Substituted (E)-2-(1-Alkynyl)propenoic acids, (E)-11. 

Entry 

la (E)-llf PdQ(PhCN)2 

2b 

3b 

4c 

5d 

6d 

7c 

8’ 

9c 

lob 
a) 

(E)-lla 

(E)-llb 

(E)-llc 

(E)-lld 

(E)-lle 

(E)-l@ 

(E)-lle 

(E)-llh 

(E)-llh 
r 

AgNQ 

AgN03 

PdC12(MeCN)2 

Palladacycle 

Palladacycle 

PdWMeCN)2 

PdC12(MeCN)2 

PdC12(MeCN)2 

&NO3 
I was perrormed using 5 mol% 

T 
:arboxylic 

acid 
(E)-11 

Catalyst 

were performed using 20 mol% AgN( 

Solvent 

THF 

reaction 
:onditions 
(“C I h) 

65142 

Acetone 

Acetone 

DMF 

Toluene 

Toluene 

THF 

THF 

THF 

Acetone 
IC12(PhCI 

(E)-9 R1 

(E)-9f C6H5 

(E)-9a n-C6H 13 

(E)-9b C6H5 

(E)-9c 4-CHj-GjH4 

(E)-9d n-C3H7 

(E)-9e C6H5 

GW’g +CsH13 

(E)-9e CgH5 

(E)-9h r1-C4H9 

(E)-9h N-C~H~ 
Et3N as ca ure A). b) En& 

as catalyst (Procedure C). c) Entries 4. 7. 8 and 9 were performed USI 

20120 

20155 

90190 

110142 

110/24 

65164 

65 142.5 

65165 

20121 
! and 15 mc 

R 

0. i,4-<0.CsH3 

rr-C4H9 

i-C4H9 

3,5-C12C6Hj 

3,5-C&&Hj 

C6H5 

4-F-C6H4 

C6H5 

2-thienyl 

2-thienyl 
ftic system (Proc 

T- Product 

ins 
br PdCl2(MeCN)z and 15 mol% Et3N as catalytic system (Procedure A). d) Entries 5 and 6 were performed using 5 mol’i 

acetate)-bis[(di-o-tolylphosphi~~o)benzyI]dipalladiu~n as calalysl (Procedure B). 

Yield 
(%) 

64 

39 

38 

9 

67 

87 

79 

42 

39 

72 
:, 3 and 10 
; 5 mol% 
ratrs-di(p- 

The results obtained using procedure B also allowed to draw a conclusion about the oxidation state of the 

palladium compounds which catalyze the cyclization of carboxylic acids (E)-11. In fact, on the contrary to 

procedure A in which, at least in principle, Et3N could reduce the palladium(I1) compounds used as catalyst 

precursors,21 in procedure B there were not reagents able to perform the reduction of the palladium(I1) 

compound used to perform the desired cyclizations. Therefore, the catalyst for cyclization of compounds (E)-11 

should be a palladium(I1) complex. On the other hand, the results obtained using procedure A as well as those 

obtained by Kotora and Negishi in the lactonization of (Z)-2-en-4-ynoic acids promoted by Pd(PPh&,lb could 
be explained by supposing that the true catalyst of these reactions derives from an oxidative addition reaction of 

the carboxylic acids, which were used as substrates, to the palladium(O) complex which was formed in the 

reaction conditions employed or was used as catalyst precursor. -72 Finally, as regards the cyclization reactions 

which were carried out using procedure C (Entries 2, 3 and 10) it must be noted that they occurred in very mild 
experimental conditions, but, except for the synthesis of 9h in which the yield was 72 % (Entry lo), they 

provided the desired compounds in modest yields. 
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Compounds (E)-9a-h, which were synthesized according to these procedures, were characterized by MS, 

IR and ‘H NMR analyses as well as by elemental analysis. Moreover, the structure and stereochemistry of three 

representative 5substituted (E)-3-[ 1-(aryl)methylidene]-3H-furan-2-ones, i.e. (E)-9f, (E)-9g and (E)-9h, were 

unambiguously assigned on the basis of their 1H NMR and *3C NMR spectra at 600 and 150 MHz, 

respectively, and by a combination of NMR techniques, which included homonuclear shift correlation (COSY), 

lD- or ZD-Overhauser experiments (NOESY) and lH-l3C heteronuclear multi-quantum coherence (HMQC) 

experiments. On the other hand, the (/$-stereochemistry was assigned to compounds 9d-f taking into account 

that: i) as demonstrated for (E)-9f, (E)-9g and (El-9h, the reactions which were used for their synthesis from 

(Z)-15 were completely stereospecific; ii) in compounds 9c, 9d and Ye the chemical shifts of the olefinic 

protons (H-a) of their arylidene groups were very similar to those of the corresponding protons in (E)-9f, (E)-9g 

and (E)-9h. 

In spite of the relative effectiveness of the cyclization reactions of compounds (E)-lla-h to the 

corresponding 5-substituted (E)-3-ylidene-3H-furan-2-ones was generally satisfactory, it was right to address 

our attention to an alternative method for their synthesis. In particular, the synthetic usefulness of a tandem 

cross coupling-oxypalladation reaction for the preparation of two representative compounds of general formula 

(Q-9, i.e. (I?)-3-[ 1-(4-chlorophenyl)methylidene]-5-pheliyl-3~-f~lran-2-one, (E)-Yi, and (E)-5-butyl-3-[ 1-(4- 

chloro-phenyl)methylidene]-3H-furan-2-one, (I?)-9j, was attempted. Thus, compound (Z)-12h, which was 

obtained by reaction of a THF solution (Z)-17h with 1N LiOH at room temperature followed by acidification, 

was reacted with 1.5 equiv of phenylacetylene, 13a, in CH3CN solution for 23.5 h at 20 “C and for 23 h at 85 

‘C in the presence of 4 equiv of EtjN, 9 mol % Pd(PPh3)4 and 9 mol % CuI (Scheme 3). Purification by MPLC 

on silica gel of the crude reaction mixture allowed chemically and stereoisomerically pure (E)-9i to be isolated 

in 23 % yield. 

H H - 
COOMe 1) 1N LiOH, THF H _ CGHs (13a), Pd(PPh& - 

2) H30+ CL& Et3N, MeCN 
Cl 20 - 85 ‘T 

(Z)-17h (Z)-12h 

On the other hand, an analogous reaction between (Z)-12h and 1-hexyne, 13c afforded a mixture of (E)-9j 

and (E)/(Z)-3-[ 1-(4-chlorophenyl)methyl]-5-(l-propylidene)-5~-fu~d~~-2-one, (E)/(Z)-20, which were isolated in 

11 and 34 % yield, respectively [Eq (4)]. 

Compounds (E)- and (Z)-20 could be separated by MPLC on silica gel and their structure and 

stereochemistry could be unambiguously established by NMR experiments which included selective NOE 

experiments. It was also found that treatment of (E)-9j with 2.5 equiv of Et3N in CH3CN at 85 ‘C gave a 

mixture of (E)- and (Z)-20 in a cu. 60 : 40 ratio, respectively. Thus, the stereoisomeric mixture of SH-furan-2- 

ones, which was obtained by reacting (Z)-12h with 13b, derived from isomerization of so obtained (E)-9j by 
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means of Et3N, which was still present in the reaction mixture after the Pd(O)- and Cu(I)-catalyzed cross- 

coupling reaction between these reagents. 

(Z)-12h 13c 

(E)/(z)-20 

Interestingly, a similar but quantitative and stereoselective isomerization was observed in an attempt to 

synthesize an (E)-5-alkyl-4-aryl-3-[l-(aryl)methylidene]-3H-furan-2-one, (Q-14, by a tandem process 

involving the oxypalladation of an (E)-2-(1-alkynyl)-3-arylpropenoic acid, (E)-lld, and a subsequent cross- 

coupling reaction of the resulting product with an aryl iodide. In particular, according to a procedure similar to 

that previously employed for the synthesis of (E)-[ I,l-(disubstituted)methylidene]-tetrahydrofuran-2-ones,7 

compound (E)-lld was reacted with 2 equiv of iodobenzene, 21, in DMSO at 85 “C for 22 h in the presence of 

1 equiv of Bu4NCI,O.5 equiv of Pd(PPh3)4 and a large excess of Et3N [Eq (5)]. However, this reaction afforded 

in 23 % yield stereoisomerically pure (Z)-3-(3,5-dichlorophenyl)methyl-4-phenyl-5-( 1-propylidene)-5H-furan- 

2-one, (Z)-22, instead of (Q-3-[ 1-(3,5-dichlorophenyl)methylidene]-4-phenyl-5-propyl-3H-furan-2-one, (E)- 

14a. The structure and stereochemistry of (2)22 were unambiguously established by IR, MS and elemental 

analyses and by NMR experiments. 

n-C,H, + 

COOH 
(E)-lid 

C6H5-I 

21 

C,H, 
Cl H 

(Z)-22 
+ 

Cl 
(E)-14a 

(5) 

In conclusion, several 5-aryl and 5-alkyl substituted (E)-3-[ l-(aryl)methylidene]- and (E)-3-(1- 

alkylidene)-3H-furan-2-ones, (E)-9, have been synthesized in modest to satisfactory yields by Pd- or Ag- 

catalyzed cyclization of the corresponding (E)-2-(1-alkynyl)-3-aryl/alkylpropenoic acids, (Q-11. Among the 

cyclization reactions examined, those which were catalyzed by rruns-di(u-acetato)bis[(di-o-tolyl- 
phosphino)benzyl]dipalladium(II), a complex not previously employed for intramolecular additions of 
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carboxylic acids to alkynes, were particularly clean and efficient. An (E)-5aryl-3-[ I-(aryl)methylidene]-3% 

furan-2-one has also been synthesized, although in modest yield, by a tandem cross coupling-lactonization 

process. However, when a similar tandem procedure was employed to prepare an (E)-5-alkyl-3-[1- 

(aryl)methylidene]-3ff-furan-2-one, owing to the experimental conditions employed, a mixture of the desired 

3H-furan-2-one and the corresponding (@/@J-5-( l-alkylidene)-3-(aryl)methyl-5~-futan-2-one was obtained. 

This last compound proved to derive from isomerization of the 3H-furan-2-one by means Et3N which was 

present in the reaction mixture. Thus, taking into account that the synthesis of compounds (E)-9 from (Z)-15 by 

this tandem process involves a number of synthetic steps identical to that based on cyclization of compounds 

(E)-11, that compounds (E)-9 synthesized by this tandem process are obtained in modest yields and that, in the 

case of the synthesis of 5-alkyl susbstituted 3H-furan-2-ones, an undesired isomerization occurs, it is possible 

to conclude that the preparation of 5-atyl and 5-alkyl substituted (E)-3-[ l-(aryl)methylidene]-3H-furan-Zones 

by transition metal-catalyzed cyclization of the corresponding carboxylic acids (Q-11 must be preferred. 

Finally, it must be mentioned that a quantitative and stereoselective isomerization, which was similar to that 

observed in the synthesis of an (E)-5-alkyl-3-[ I-(aryl)methylidene]-3H-furan-2-one by the above mentioned 

tandem process, occurred in an experiment aimed to prepare an (E)-5-alkyl-4-aryl-3-[l-(aryl)methylidene]-3If- 

furan-2-one, (E)- 14, which consisted of a tandem process involving the oxypalladation of an (E)-2-( 1 -alkynyl)- 

3arylpropenoic acid, (Q-11, and a subsequent cross-coupling reaction of the resulting product with an aryl 

iodide. 

Studies on the bioactivity of the 3H-furan-2-ones (E)-9a-j, which have been synthesized by the above 

mentioned procedures, are in progress. 

EXPERIMENTAL 

All boiling and melting points are uncorrected. Precoated plastic silica gel sheets Merck 60 Fzs4 were used for 

TLC analyses. GLC analyses were performed on a Dani 6500 gas-chromatograph with a PTV injector and 

equipped with a Dani data station 86.01. Two types of capillary columns were used: a SE-30 bonded FSOT 

column (30 m x 0.25 mm i.d.) and a AT-WAX bonded FSOT column (30 m x 0.25 mm i.d.). Purifications by 

MPLC were performed on a Btichi instrument, using a Bischoff 8100 differential refractometer as detector. 

GLC/MS analyses were performed using a Q-mass 910 spectrometer interfaced with a Perkin-Elmer 8500 gas- 

chromatograph. lH and l3C NMR spectra were recorded on a Varian Gemini 200 MHz spectrometer or a 

Bruker AMX 600 spectrometer using TMS and CDC13 as an internal standard, respectively. IR spectra were 

recorded on a Perkin-Elmer 1725-X FT-IR spectrophotometer. All reactions of air- and water-sensitive 

materials were performed in flame dried glassware under an atmosphere of argon or nitrogen. Air and water 

sensitive solutions were transferred with hypodermic syringes or double ended needles. Solvents were dried and 

distilled before use. The following compounds were prepared according to the literature: methyl (Z)-2,3- 

dibromopropenoate. (Z)-15a,180 ethyl (Z)-2,3-dibromopropenoate, (Z)-1Sb,18u Pd(PPh3)4, -33 PdC12(dppf),24 

PdC12(PhCN)2,25 PdC12(CH3CN)z,26 rr~ans-di(~-acetato)bis[(di-o-tolylphosphino)benzyl]dipalladium,2~ ethyl 

(Z)-2-bromo-3-[3,4-(metl~ylenedioxy)-phyl]prope~~oate, (Z)-17a, ‘hi ethyl (2).2-bromo-3-phenylpropenoate, 

(Z)-17e,180 methyl (Z)-2-bromo-3-(2-thienyl)propenoate, (Z)-I 7 g ,18[J methyl (Z)-2-bromo-3-(4- 

fluorophenyl)propenoate, (Z)-17f. I 8a and ethyl (E )-3-(3,4-methylenedioxy)phenyl-2-@henylethynyl)- 

propenoate, (E)-19f.18U Slurries of aryl- and alkylzinc chlorides, 16, in THF were prepared by addition of 0.5 M 
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on silica gel, using a mixture of hexane and benzene (60 : 40) as eluent, to give in 88 % yield 

stereoisomerically pure (Z)-17h as a colourless crystalline solid. This compound had chemical purity higher 

than 97.5 %. M.p. 73 “C. MS, m/-_ (%) : 276 (32), 274 (24), 197 (57). 195 (loo), 138 (28), 136 (71), 115 (15), 

101 (45), 75 (46). lH NMR (200 MHz, CDC13): 6 8.18 (lH, s, H-3), 7.80 (2H, d, J = 8.4 Hz, H-3’ and H-5’), 

7.40 (2H, d, J = 8.4 Hz, H-2’ and H-6’), 3.91 ppm (3H, s, 0CH3). Anal. Calc for Cl0HgBrC102: C, 43.59; H, 

2.92. Found: C, 43.55; H, 3.01. 

Synthesis oj‘olkyl (EI-2-(I-ul~~tryl~-3-uryllul~yl-~t~o~ett~~u~cs, (Ek19, by Pd-curulyzed mm-coltpliny reuctiotr 

between ulkyl (Z)-2-bt~onto-3-utyltulh~l-~t~~~~ettout~~s, (Z)-I 7, ad I-ulkyttylzit~c chloride, 18. Compounds (E)- 

19b-f were prepared according to a procedure very similar to that reported in the literature for the synthesis of 

(E)-19a.‘80 In particular, Pd(PPh3)4 (0.87 g, 0.75 mmol) and a solution of an alkyl (Z)-2-bromo-3- 

aryl/alkylpropenoate, (Z)-17, (15.0 mmol) in THF (20 ml) were sequentially added to a slurry of a l- 

alkynylzinc chloride, 18, (22.5 mmol) in THF (50 ml), which was stilred at 0 ‘C under argon. The resulting 

mixture, which was periodically monitored by GLC and GLC/MS analyses, was stirred for 1.5 h at 20 “C and at 

70 “C until the reaction was complete. In particular, the reaction times at 70 “C which were required for the 

preparation of compounds (E)-lYa, (E)-lYb, (E)-19~. (E)-19d and (E)-19e were 25, 40, 6, 17 and 15 h, 

respectively. The reaction mixture was then cooled to room temperature, poured into a large excess of a 

saturated aqueous NH4CI solution and extracted repeatedly with CH$_X2. The collected organic extracts were 

washed with water. dried, filtered over Celite and concentrated itI WCM~. The residue, which was analyzed by 

GL/MS and TLC, was diluted with the mixture of solvents, which was used for TLC analysis, and filtered over 

Celite. The filtrate was concentrated itt wc~t and the residue was purified by MPLC on silica gel. 

Methyl (EJ-2-(l-oc~rlyl)-2-/~e~tetl~tute, (EJ-19~. The crude reaction product, which was obtained from the Pd- 

catalyzed reaction between (Z)-17b and I-octynylzinc chloride, 18b, was purified by MPLC on silica gel, using 

a mixture of hexane and Et20 (95 : 5) as eluent, followed by fractional distillation of the chromatographic 

fictions which contained the desired product. Chemically and stereoisomerically pure (E)-19a was obtained in 

62 % yield as a pale yellow liquid. B.p. 95 “C/O.07 Torr. MS, d-7 (%): 250 (13), 221 (12), 219 (10). 179 (29), 

137 (26), 133 (29), 119 (42), 91 (loo), 77 (52). ‘H NMR (200 MHz, CDC13): 67.15 (lH, t, J = 7.7 Hz, H-3), 

3.78 (3H, s, OCH3), 2.60-2.25 (4H, br m, H-4 and H-3’), 1.70-1.20 (12H, br m, H-5, H-6, H-4’, H-5’. H-6’ and 

H-7’). 1.05-0.83 ppm (6H, br m, H-7 and H-8’). Anal. Calc for C16H~602: C, 76.80; H, 10.41. Found: C, 77.01; 

H, 10.41. ’ 

Methyl (E)-5-ntethyl-2-~hettylethyttyl--3-I~e.~ett~tute, (E)-196. The crude reaction product, which was obtained 

from the Pd-catalyzed cross-coupling reaction between (Z)-17c and phenylethynylzinc chloride, Ha, was 

purified by MPLC on silica gel, using a mixture of hexane and Et20 (95 : 5) as eluent, to give in 7 1 % yield 98 

% chemically pure (E)-19b as a colourless liquid. MS, 171/z (%): 242 (40), 227 (64), 199 (19), 171 (21). 141 

(53), 129 (33), 115 (51). 105 (loo), 91 (24). ‘H NMR (200 MHz, CDC13): 6 7.58-7.20 (6H, br m. H-3 and 

QH5). 3.83 (3H, s. OCH3), 2.43 (2H, t, J = 7.2 Hz, H-4), 1.88 (lH, sept, J = 6.6 Hz, H-5), 0.99 ppm (6H, d, J = 

6.6 Hz, C(CH3)2). Anal. Calc for Ct6Ht&: C, 79.31; H, 7.49. Found: C, 79.29: H, 7.77. 

Methyl (E~-3-(3,5-~ichl~tr~~t~hettyl~-~-~(~-t~tlyl~e~hyttyl]~~~~t~ettou~e, (E)-19~. The crude reaction product, which 

was obtained from the Pd-catalyzed reaction between (Z)-17d and (I.‘-tolyl)ethynylzinc chloride,l&, was 
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purified by MPLC on silica gel, using a mixture of toluene and hexane (80 :20) as eluent, to give in 84 % yield 

pure (E)-19~ as a colourless crystalline solid. M.p. 120-122 “C. MS, m/z (%): 346 (19), 344 (30). 315 (lo), 313 

(19), 215 (58). 213 (52). 207 (18), 119 (loo), 91 (21). ‘H NMR (200 MHz, CDC13): 6 8.00 (2H, d, J = 1.7 Hz, 

H-2” and H-6”), 7.75 (lH, s, H-3), 7.49 (2H, d, J = 7.8 Hz, H-2’ and H-6’). 7.38 (1H. t, J = 1.7 Hz, H-4”), 7.19 

(2H, d, J = 7.8 Hz, H-3’ and H-5’). 3.91 (3H , s, OCH3), 2.38 ppm (3H, s, CH3). Anal. Calc for CgH14C1202: 
C, 66.10; H, 4.09. Found: C, 66.17; H, 3.87. 

Methyl (E)-3-(3,5-dichluru~hettyl)-2-(I-~ettryttyl)~ro~ettou~e, (EJ-19d. The crude reaction product, which was 

obtained from the Pd-catalyzed reaction between (Z)-17d and 1-pentynylzinc chloride, 18d, was purified by 

MPLC on silica gel, using a mixture of benzene and hexane (50 : 50) as eluent, to give in 74 % yield pure (E)- 

19d as a colourless oil. MS, m/z (%): 298 (7), 286 (lo), 269 (62). 267 (loo), 256 (43). 254 (67). 223 (55),165 

(73), 137 (31). ‘H NMR (200 MHz, CDC13): 6 7.92 (2H, t, J = 1.7 Hz, H-2” and H-6”), 7.68 (lH, t, J = 1.7 Hz, 

H-4”), 7.36 (lH, S, H-3), 3.86 (3H, s, OCH$, 2.52 (2H, t, J = 7.3 Hz, H-3’). 1.72 (2H, sext, J = 7.3 Hz, H -4’), 

1.08 ppm (3H, t, J = 7.3 Hz, H-5’). Anal. Calc for ClsH14Cl202: C, 60.62; H, 4.75. Found: C, 61.00; H, 5.10. 

Ethyl (EJ-3-phettyl-2-(phettylethyttyl)propettou~e, (E)-Z9e. The crude reaction product, which was obtained 

from the Pd-catalyzed reaction between (Z)-17e and phenylethynylzinc chloride, Ha, was purified by MPLC 

on silica gel, using a mixture of hexane and benzene (60 : 40) as eluent, to give in 88 % yield chemically and 

stereoisomericalyy pure (E)-19e as a pale yellow oil. MS, m/z (%): 276 (17). 247 (19). 203 (26), 202 (49). 201 

(13), 105 (100) 77 (117. lH NMR (200 MHz, CDC13): 6 8.15-8.05 (2H, br m, Harom), 7.94 (lH, s, H-3), 7.65- 

7.27 (8H, br m, Harom), 4.35 (2H. q, J = 7.2 Hz, OCH?), 1.40 ppm (3H, t, J = 7.2 Hz, 0-C-CH3). The spectral 

properties of this compound were in agreement with those previously reported.17 

Synrhesis of methyl (E)-?-(I -alkyttyl)-3-(he~ero)orylpt~opettou~es, (E)-19 by P&O)- and C&I)-mediuled reuction 

of I-alkyttes, 13, with methyl (Z)-2-0t.omo-3-(heret.u)ut~l~t.~~ettou~es, (Z)-17. In this procedure, which was 

used to prepare compounds (E)-19g and (E)-19h, Et3N (2.50 ml, 18.0 mmol), a deareated solution of a methyl 

(Z)-2-bromo-3-(hetero)arylpropenoate, Q-17, (8.99 mmol) in benzene (10 ml) and a deareated solution of a l- 

alkyne, 13, (10.79 mmol) in benzene (3 ml) were sequentially added to a suspension of Pd(PPh3)4 (0.52 g, 0.45 

mmol) and CuI (0.171 g, 0.899 mmol) in benzene (16 ml). The resulting mixture was stirred at 20-40 “C under 

argon until a GLC analysis of a sample of the reaction mixture, which was treated with a saturated aqueous 

NH&l solution and extracted with Et20, showed that compound (Z)-17 had been consumed. In particular, the 

reaction conditions used for the preparation of (E)-19g and (E)-19h were 23 h at 20 “C and 24 h at 20 ‘C and 6 

h at 40 “C, respectively. The reaction mixture was then poured into a large excess of a saturated aqueous 

NH4Cl solution and extracted repeatedly with Et20. The collected organic extracts were washed with water, 

dried, filtered over Celite and concentrated in IVXWJ. The residue, which was analyzed by GLC/MS and TLC, 

was diluted with the mixture of solvents which was used as eluent for TLC analysis and filtered over Celite. 

The filtrate was concenuated Or wc~to and the residue was purified by MPLC on silica gel. 

Methyl (E)-3-(4-f‘l~ror~c~~hetryl)-2-(1 -octyttyl)pt~opetroutc, (EJ-19g. The crude reaction product, which was 

obtained by Pd(O)- and Cu(I)-catalyzed reaction between (Z)-17f and I-octyne, 13b, was purified by MPLC on 

silica gel, using a mixture of benzene and hexane (50 : 50) as eluent, to afford in 66 % yield pure (E)-19g as a 

colourless crystalline solid. M.p. 36-38 “C. MS , ml: (%): 288 (65). 217 (42). 185 (26), 159 (87). 157 (48), 133 
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(52), 109 (59), 59 (100) 55 (94). tH NMR (200 MHz, CDC13): 6 8.04 (2H, dd, J = 8.7 and 5.7 Hz, Harom), 

7.80 (lH, S, H-3). 7.08 (2H, t, J = 8.7 Hz, Harom), 3.85 (3H, s, OCH3), 2.52 (2H, t, J = 6.8 Hz, H-3’), 1.70-1.20 

(8H, br m, H-4’, H-5’, H-6’ and H-7’) 0.90 ppm (3H, t, J = 6.5 Hz, H-g’). Anal. Calc for Ct8H2tF02: C, 74.97; 

H, 7.34. Found: C, 75.15; H, 7.51. 

Methyl (E)-2-(l-he.~~~~ylJ-3-(2-thiet~yl)~~~o~etroote, (Ek19h. The crude reaction product, which was obtained 

from the Pd(O)- and Cu(I)-catalyzed reaction between (Z)-178 and 1-hexyne, 13c, was purified by MPLC on 

silica gel, using a mixture of benzene and hexane (60 : 40) as eluent, to give in 53 % yield 98 % chemically 

pure (E)-19h as a colourless oil. MS, m/z (%): 249 (lo), 248 (62). 205 (71) 187 (20) 161 (34) 147 (100). 145 

(42) 134 (29). 115 (28). ‘H NMR (200 MHz, CDC13): 6 8.08 (lH, s, H-3), 7.53-7.47 (2H, br m, H-5’ and H- 

3’), 7.11 (lH, yselrdo t, J = 4.1 Hz, H-4’), 3.85 (3H, s, OCH3), 2.59 (2H, t, J = 7.0 Hz, H-3”), 1.67 (2H, quint, J 

= 7.0 Hz, H-4”), 1.54 (2H, sext, J = 7.1 Hz, H-5”). 0.96 ppm (3H, t, J = 7.1 Hz, H-6”). Anal. Calc for 

Cl4Ht602S: C, 67.71; H, 6.49. Found: C, 67.77; H, 6.79. 

(E)-3-(3,4-Methylenedio.~~v)~het~yl-_’-@he~~~letl~~tryl~~~~~oyetroic ucid, (E)-Ilf. A 3N aqueous KOH solution 

(17.7 ml, 53.2 mmol) was added to a solution of (E)-19f (1.63 g, 5.32 mmol) in THF (20 ml), which was cooled 

to 0 “C. The resulting mixture was stirred at room temperature for 24 h and then concentrated in WCIIO. The 

residue was diluted with water and extracted repeatedly with CH$Zlz. The resulting aqueous suspension was 

cooled to 0 ‘C, acidified with 10 % H?S04 and extracted repeatedly with a mixture of THF and Et20 (1 : 1). 

The collected organic extracts were washed with water, dried and concentrated i/l WL’IU to afford (E)-llf (1.50 

g, 96 % yield). lH NMR (200 MHz, DMSO-d6): S 7.91 (lH, br s, H-3 or H-2”) 7.88 (lH, s, H-2” or H-3), 7.64- 

7.39 (6H, br m, Harom), 7.08 (lH, d, J = 8.2 Hz, H-5” or H-6”) 6.13 ppm (2H, s, 0-CH2-0). This crude 

compound, which was a solid, was used in the next step without any further purification and characterization. 

(E)-2-(Z-Octy~fvl)-2-he~te/~oic acid, (EJ-lla. This compound was prepared in 99 % yield from (E)-19a by a 

procedure similar to that employed to prepare (E)-llf. Compound (E)-lla, which was a colourless oil, had tH 

NMR (200 MHz, CDC13): 6 10.9 (lH, br s, COOH), 7.25 (lH, t, J = 7.6 Hz, H-3), 2.42 (4H, br t, J = 6.8 Hz, H- 

4 and H-3’) 1.70-1.15 (12H, br m, H-5, H-6, H-4’. H-5’, H-6’ and H-7’), 1.05-0.80 ppm (6H, br m, H-7 and H- 

8’). This crude compound was used in the next step without any further purification and characterization. 

(EJ-5-Meth~l-2-~henylethynyly~~~~e~~oic mid, (E)-lib. This compound was prepared in quantitative yield from 

(E)-19b by a procedure very similar to that employed for the synthesis of (E)-llf. Compound (E)-llb had tH 

NMR (200 MHz, CDC13): 6 10.40 (lH, br s, COOH), 7.60-7.05 (6H, br m, H-3 and CGH~), 2.45 (2H, t, J = 7.2 

Hz, H-4), 1.92 (lH, br m, H-5). 1.00 ppm (6H. d, J = 6.6 Hz, C(CH3)z). This crude compound, which was a 

solid, was used in the next step without any further purification and characterization. 

(E)-3-(3,5-Dichlo~o~~heayl~-2-(~~-tol~leth~t~~l~~~~~c~~e~~oic m-id, (E)-llc . A 6N aqueous KOH solution (12.1 ml, 

77.4 mmol) was added to a solution of (E)-19c (2.50 g, 7.24 mmol) in THF (25 ml), which was cooled to 0 ‘C 

and the resulting mixture was stirred for 18 h at room temperature. It was then concentrated in vucuu and the 

solid residue so obtained was diluted with water, filtered and washed repeatedly with Et20. The aqueous filtrate 

was extracted repeatedly with Et20 and the resulting aqueous phase was added to the washed solid. The 

resulting mixture was cooled to 0 ‘C, acidified with diluted H2SO4 and extracted repeatedly with CH2C12 and 
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then with benzene. The collected organic extracts were washed with water, dried and concentrated i/l wcuo to 

afford compound (E)-llc (2.40 g, 100 % yield) as a colourless solid. ‘HNMR (200 MHz, DMSO-de): S 8.18 

(2H. br s, H-2” and H-6”). 7.78 (1H. s, H-3). 7.66 (IH, br s, H-4”). 7.43 (2H, br s, H-2’ and H-6’), 7.31 (2H. br 

s, H-3’ and H-5’), 2.36 ppm (3H, s, CH$. This crude compound was used in the next step without any further 

purification and characterization. 

(E)-3-(3,5-Dichlot’oyhettyl)-2-(l-yettrytlyl)~t~oyetroic mid, (EJ-11 d. This compound was obtained in 

quantitative yield from (E)-IYd by a procedure very similar to that employed to prepare (E)-llf. Compound 

(E)-lld had: m.p. 130 ‘C. tH NMR (200 MHz, CDC13): S 10.8 (lH, br s, COOH), 7.96 (2H, br s, H-2” and H- 

6”), 7.77 (lH, S, H-4”), 7.39 (lH, t, J = 1.8 Hz, H-3). 2.54 (2H, t, J = 7.2 Hz, H-3’) 1.73 (2H. sext, J = 7.2 Hz, 

H-4’), 1.09 ppm (3H, t, J = 7.2 Hz, H-5’). This crude compound was used in the next step without any further 
purification and characterization. 

(E)-3-Phetzyl-2(.uhettylerhyttyl)p~opettoic acid, (E)-lle. This compound was obtained in 99 % yield from (E)- 

19e by a procedure very simlar to that employed to prepare (E)-llf. Compound (E)-lle had: m.p. 168-170 “C. 

‘H NMR (200 MHz, CDC13): S 11.10 (lH, br s, COOH), 8.18-8.08 (2H, br m, Harom), 8.05 (lH, s, H-3), 7.62- 

7.52 (2H, br m, Harom), 7.52-7.32 ppm (6H, m, Harom). This crude product was used in the next step with out 

any further purification and characterization. 

(E)-3-(4-Fluoro~hettyi)-2-(l-ocryrtyl)~t~oyettoic acid, (E)-llg. This compound was obtained in 98 % yield from 

(E)-19g by a procedure very similar to that employed to prepare (E)-llf. Compound (E)-llg had tH NMR (200 

MHz, CDC13): S 10.90 (lH, br s, COOH), 8.09 (2H, dd J = 8.6 e 5.8 Hz, Harom), 7.89 (lH, s, H-3), 7.10 (2H, t, 

J = 8.6 Hz, Harom), 2.54 (2H, t, J = 6.9 Hz, H3’), 1.74-1.25 (8H, br m, H-4’, H-5’. H-6’ and H-7’), 0.91 ppm 

(3H, t, J = 6.2 Hz, H-8’). This crude compound was used in the next step without any further purification and 

characterization. 

(E)-2-(l-He.~ytryl)-3-(,7-thiettyl)~t~o~etroic acid, (E)-llh.. This compound was obtained in 95 % yield from (E)- 

19h by a procedure very simlar to that employed to prepare (E)-llf. Compound (E)-llh had: m.p. 156-158 “C. 

‘H NMR (200 MHZ, CDC13): S 11.65 (lH, br s, COOH), 8.16 (lH, s, H-3). 7.57-7.45 (2H, br m, H-5” and H- 

3”), 7.13 (lH, pseudo t, J = 4.1 Hz, H-4’), 2.60 (2H, t, J = 6.9 Hz, H-3’), 1.70 (2H, quint, J = 7.3 Hz, H-4’), 

1.54 (2H, sex& J = 7.3 HZ, H-5’), 0.97 ppm (3H, t, J = 7.3 Hz, H-6’). This crude compound was used in the next 
step without any further purification and characterization. 

Synthesis of (E)-3-[I -(ur~vl)metl~~vlidetre~-S-ut~vllul~yl-3H-fitt~~ttt-Z-~tt~~s, (E)-9, by cyclizutiotr of the 

correspottdittg (E)-2-(l-ulkyttyl)-3-ut~yllulky~pt~opcttoic acids, (E)-11 I in the pt’esettce of Et3N atld 

PdCI2(CH#ZN)2 or PdCI2(PhCN)2 (Pt.oced1tt.e A). In a typical preparation, Et3N (0.1 1 ml, 0.78 mmol) was 

added to a deareated solution of PdC12(CHSCN)2 (0.067 g. 0.259 mmol) and an (E)-2-(1-alkynyl)-3- 

aryl/alkylpropenoic acid, (E)-11, (5.18 mmol) in THF (22 ml), which was stirred at room temperature. The 

resulting mixture was refluxed for the period of time reported in the Table. It was then cooled to room 

temperature and concentrated itr IWW. The residue was diluted with a large excess of CH2C12 and filtered over 

Celite. The filtrate was concentrated itt ~wwo and the residue was purified by MPLC on silica gel. This 
procedure was employed for the synthesis of compounds (E)-Ye, (E)-Ug and (E)-Yh starting from crude (E)-llf, 
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(E)-llg and (E)-llh, respectively (Entries 8,7 and 9, Table). A very similar procedure, in which the palladium 

compound employed was PdC12(PhCN)2, was used for the preparation of (E)-Yf starting from crude (E)-llf 

(Entry 1, Table). Finally, the synthesis of compound (E)-9c was carried out by cyclization of crude (E)-llc in 

DMF solution at 90 “C, in the presence of EtjN and PdC12(CH$N)? (Entry 4, Table). In fact, (E)-llc was 

insoluble in THF. 

Syttthesis of’ (Ej-3-i I -(ut~~~l~rt~etltylidette]-3-ut~llul~yl-3H~~~t~utt-~-~~ttes, (E)-9, by cyclizatiorl of the 

corespottditty (EJ-J-(1 -al~ytryli-3-ut:vl-l)t.opc~ttoic ucids, (El-II, itt the ptzsetrce oj’ttutrs-di(pucetuto)Dis[(di-o- 

tolyl~hos~hitro~Detr~yl]di~~ulludi~rrll (Ptmed~rre B). In a typical preparation, trutls-di(l-acetato)bis[(di-o- 

tolylphosphino)benzyl]dipalladium (0.147 g, 0.15 mmol) was added to a deareated solution of an (m-2-(1- 

alkynyl)-3-aryl/alkylpropenoic acid, (Q-11, (3.11 mnol) in toluene (30 ml) and the resulting mixture for 

refluxed under argon for the period of time reported in the Table. The reaction mixture was the concentrated itr 

vucuo and the residue was purified by MPLC on silica gel. This procedure was employed to prepare 

compounds (E)-9d and (E)-9e from (E)-lld and (E)-lle, respectively (Entries 5 and 6, Table). 

Sytrthesis of (E)-3-/I -(ut:vlitt~et/lylidette]- utrd (E)-3-(I-ul~ylidetrr)-3-ut~~~llul~yl--’(3H)~i~t~utt~~t~~~s, (E)-9, by 

cyclixtiott of the cowespottditrg (El-Z-(1 -ul~yt~ylJ-3-ut~yl/ulkyl~r~~~~~tt~~ic acids, (E)-I 1, itt the pwsetrce of 

AgN03 (Procedure C). III a typical preparation, AgN03 (0.14 g, 0.8 1 mmol) was added to a deareated solution 

of an (E)-2-(1-alkynyl)-3-aryl/alkylpropenoic acid, (E)-11, (4.05 mmol) in acetone and the resulting mixture 

was stirred at room temperature for the period of time reported in the Table. The reaction mixture was then 

concentrated itr vuc~~o and the residue was purified by MPLC on silica gel. This procedure was employed to 

prepare compounds (E)-9a, (E)-9b and (E)-Yh from the corresponding carboxylic acids (E)-llu, (E)-llb and 

(E)-llh, respectively (Entries 2, 3 and 10, Table). 

(EJ-3-[I -(3,4-Methyletredio.~y~l~ettyl~t~~cthylidette]-5-~hettyl-~~H~~tt~utt-~-~ttte, (E)-9f. The crude reaction 

product, which was obtained by cyclization of (E)-llf in the presence of EtjN and PdC12(PhCN)2 (Entry 1, 

Table), was purified by MPLC on silica gel, using a mixture of CH2C12 and hexane (60 : 40) as eluent, to give 

in 64 % yield chemically and stereoisomerically pure (E)-Yf as a yellow crystalline solid. M.p. 159-161 “C. MS, 

ml: (%): 293 (8), 292 (42), 246 (6), 159 (14). 105 (loo), 101 (7), 77 (56). 75 (15), 51 (28). IR (KBr): 1754, 

1503, 1490, 1451, 1268, 1247, 1046, 1006, 937, 923, 898, 884. 812,797, 788,737 cm-‘. ‘H NMR (600 MHz, 

CDC13): 6 7.76 (2H. dd, J = 8.3 and 1.6 Hz, H-6” and H-2”), 7.47-7.39 (3H, m, H-3”, H-4” and H-5”), 7.33 

(lH, ddd, J = 0.7, 0.6 and 1.0 Hz, H-a), 7.16 (lH, ddd, J = 0.7, 1.8 and 8.5 Hz, H-6’), 7.15 (1H. dd, J = 1.8 and 

0.6 Hz, H-2’), 6.90 (lH, d, J = 8.5 Hz, H-5’), 6.89 (lH, d, J = 1.0 Hz, H-4), 6.06 ppm (2H. s, H-7’). 13C NMR 

(150 MHz. CDCl3): 6 169.69 (C-2), 156.33 (C-5). 149.71 (C-4’), 148.55 (C-3’). 135.35 (C-a), 130.34 (C-4”), 

129.62 (C-3), 128.89 (C-3” and C-5”), 128.24 (C-l’), 126.75 (C-6’). 125.26 (C-2” and C-6”), 123.44 (C-l”), 

109.06 (C-5’), 108.77 (C-2”). 101.83 (C-7’), 99.73 ppm (C-4). Anal. Calc for ClgH1204: C, 73.97; H, 4.14. 

Found: C, 74.15; H, 4.35. The structure and stereochemistry of compound (E)-9f were confirmed by a 

combination of NMR techniques which included tH-IH-COSY, 2D-NOESY and lH-13C heteronuclear shift 

correlation. 
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(E)-5-Hexyl-341 -yerrrylidette)-3H_tt.utt-~-orre, (E)-9~. The crude reaction product, which was obtained by 

cyclization of crude (E)-lla in the presence of AgN03 (Entry 2; Table), was purified by MPLC on silica gel, 

using a mixture of hexane and CH?CI:! (70 : 30) as eluent, to give in 39 % yield chemically and 

steroisomerically pure (E)-9a as a colourless liquid. MS, m/z (8): 236 (46). 181 (32), 165 (30). 137 (22), 123 

(99), 110 (100). 95 (54), 81 (27). 43 (58). IR (film): 1777, 1653, 1632, 1467, 1128, 923, 735 cm-l. tH NMR 

(200 MHz, CDC13): 6 6.57 (lH, t, J = 7.8 Hz, H-n), 5.79 (lH, s, H-4), 2.39 (2H, t, J = 7.3 Hz, H-l”), 2.29 (2H, 

t, J = 7.8 Hz, H-2’). 1.70-1.15 (12H. br m, H-2”, H-3”, H-4”. H-S’, H-3’ and H-4’). 0.92 ppm (6H, br t, J = 7.0 

Hz, H-6” and H-5’). Anal.Calc for C1.5H2404: C, 76.23; H, 10.23. Found: C, 76.11; H, 9.93. 

(E~-3-(3-Mefhy/-l-bufylidette)-S-phettyl-3H~rt~utt-~-orle, (E)-96. The crude reaction product, which was 

obtained by cyclization of crude (E)-lib in the presence of AgN03 (Entry 3. Table), was purified by MPLC on 

silica gel, using a mixture of hexane and CHzC12 (70 : 30) as eluent, to give in 38 % yield chemically and 

stereoisomerically pure (E)-9b as a colourless crystalline solid. M.p. 56-58 “C. MS, m/z (%): 228 (26), 185 

(44). 172 (94), 157 (27), 129 (20), 105 (loo), 77 (78). IR (KBr): 1776, 1762, 1646, 1134, 1043, 988, 904, 879, 

824,761,738,687 cm-l. ‘H NMR (200 MHz, CDC13): 6 7.75-7.62 (2H, m, Harom), 7.48-7.35 (3H, m, Harom), 

6.78 (lH, t, J = 8.1 HZ, H-a), 6.47 (lH, s, H-4). 2.32 (2H, t, J = 8.1 Hz, H-2’), 1.89 (lH, m, H-3’), 0.99 ppm 

(6H, d, J = 6.7 Hz, C(CH3)z). Anal. Calc for C15H160~ C, 78.92: H, 7.06. Found: C, 78.94: H, 7.11. 

(E)-3-[l-(3,5-Dichlot~o~her?vl)nlerhyii~ette]-5-(~-t~~lyl~-3H~tt~utt-~-~~ttc, (E)-9c. The crude reaction product, 

which was obtained by cyclization of (E)-llc in DMF solution, in the presence of Et3N and PdC12(CH3CN)2 

(Entry 4, Table), was purified by MPLC on silica gel, using a mixture of hexane and CHzC12 (65 : 35) as 

eluent, to give in 9 % yield pure (E)-9c as a yellow crystalline solid. M.p. 158 “C. MS. m/z (%): 332 (lo), 330 

(14). 119 (loo), 91 (38). 65 (8). IR (KBr): 1790, 1591, 1175,926, 848, 815, 801,740, 670 cm-l. 1H NMR (200 

MHz, CDC13): 6 7.69 (2H, d, J = 8.1 Hz, H-2’ and H-6’), 7.46 (2H, br s, Harom), 7.38 (lH, s, H-a), 7.31-7.20 

(3H, m, Harom), 6.79 (lH, s, H-4), 2.42 ppm (3H, s. CH3). Anal. Calc for ClgH1$?1202: C, 65.28: H, 3.65. 
Found: C, 65.35; H, 3.81. 

(E)-3-[I -(3,5-Dichlo~o~hettylJtt~ethyl~~ette]-5-~t~o~yl-3H~~tt~utt-~-~~tte, (Ek9d. The crude reaction product, 
which was obtained by cyclization of crude (E)-lld in the presence of trotrsdi(p-acetato)bis[(di-o- 

tolylphosphino)benzylldipalladium (Entry 5, Table)], was purified by MPLC on silica gel, using a mixture of 

hexane and CH2C12 (80 : 20) as eluent, to give in 67 % yield pure (E)-9d as a yellow crystalline solid. M.p. 57- 

58 ‘C. MS, ntli (%): 284 (5). 185 (3), 183 (3), 148 (3). 71 (loo), 43 (48). IR (KBr): 1773, 1628, 1613, 1030, 

925, 847, 671 cm-l. tH NMR (200 MHz, CDCl$: 6 7.38 (3H, br s, Harom), 7.11 (lH, s, H-a), 6.20 (lH, s, H- 
4). 2.49 (2H, t, J = 7.3 Hz, H-l’), 1.70 (2H, sext, J = 7.3 Hz, H-2”), 1.01 ppm (3H. t, J = 7.3 Hz, H-3”). Anal. 
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Calc for Cl4Hl2Cl202: C, 59.38; H, 4.27. Found: C, 59.27; H, 4.22. 

(E~-5-Pherr~l-3-[l-(phetryl~methylidtt~c~-3H-~~~~~u~~--3-o~~e, (E)-9e. The crude reaction product, which was 

obtained by cyclization of crude (E)-lie in the presence of PdCl2(CH$N)z and Et3N (Entry 8, Table), was 

purified by MPLC on silica gel, using a mixture of hexane and CH2Cl2 (60 : 40) as eluent, to give in 42 % yield 

stereoisomerically pure (09e as a yellow crystalline solid. M.p. 149 ‘C. Lit. m.p. 149-150 “C;‘a 155 ‘C.29 

MS, W/Z (%): 248 (58), 207 (3) 115 (7). 105 (loo), 77 (59) 63 (ll), 51 (42). IR (KBr): 1765, 1625, 1451, 

1278, 1004, 996, 883,752, 680 cm- I. *H NMR (200 MHz, CDCI?): 6 7.80-7.70 (2H. br m, Harom), 7.70-7.57 

(2H, br m, Harom), 7.52-7.36 (7H, br m, Harom and H-a), 6.93 ppm (lH, br s, H-4). Anal. Calc for C7Hl2O2: 

C, 82.24; H, 4.87. Found: C, 82.12; H, 4.95. It must be noted that this same product was obtained in 87 % yield 

by cyclization of (E)-lle in the presence of rr~or~s-di(~-acetato)bis[(di-o-tolylpl~ospl~i~~o]be~~zyl]dipalladium 

(Entry 6, Table). 

(EJ-3-l l-(4-Fluor~o~h,he~ryl)t~~eth~~lider~e]-S-~~e.~~~-3H~~~~~u~~-~- OMJ, (E)-9g. The crude reaction product, which 

was obtained by cyclization of crude (E)-llg in the presence of EtnN and PdCIz(CH3CN)2 (Entry 7, Table), 

was purified by MPLC on silica gel, using a mixture of hexane and CH$& (60 : 40) as eluent, to give in 79 % 

yield pure (E)-Yg as a yellow crystalline solid. M.p. 62 ‘C. MS, m/z (%): 274 (100). 204 (42), 203 (36), 162 

(54). 134 (71). 113 (50), 85 (32). 43 (61). IR (KBr): 1763, 1636, 1596, 1508, 1146, 930, 835, 507 cnrl. ‘H 

NMR (600 MHz, CDCl3): 67.54 (2H, ddd, JB_B = 8.7 and 2.9 Hz, JH_F = 5.4 Hz, H-2’and H-6’). 7.25 (lH, br S, 

H-a), 7.12 (2H, ddd, JB_B = 8.7 and 2.9 Hz, JB_F = 8.7 Hz, H-3’ and H-5’), 6.21 (lH, dt, J = 1.1 and 1.1 Hz, H- 

4) 2.48 (2H, dt, J = 7.3 and 1.1 Hz, H-l”), 1.64 (2H. quint, J = 7.3 Hz, H-2”). 1.38 (2H, quint, J = 7.3 Hz, H- 

3”). 1.32 (4H, m, H-4” and H-5”), 0.90 ppm (3H, t, J = 7.3 Hz, H-6”). l?C NMR (150 MHz, CDCl3): 6 169.83 

(C-2), 162.58 (C-5), 163.43 (C-4’), 132.58 (C-a), 131.83 (C-2’ and C-6’). 131.44 (C-l’). 125.02 (C-3), 116.26 

(C-3’ and C-5’), 100.70 (C-4), 31.45 (C-4”), 28.95 (C-1”). 28.77 (C-3”). 25.89 (C-2”), 22.48 (C-5”), 14.02 ppm 

(C-6”). Anal. Calc for Cl7HloFO~: C, 74.43; H, 6.98. Found: C, 74.58; H, 7.12. The structure of this compound 

was confirmed by of NMR techniques which included a lD-NOE selective experiment and lH-13C 

heteronuclear multiple-quantum coherence (HMQC) experiments 

(E)-Up - 5” 

(E)-5-Bu~l-3-[1-(2-thiet~~lJ~~cth~/ide~~c]-3H~~~~u~~-~- me, (EJ-9h. The crude reaction product. which was 

obtained by cyclization of crude (E)-llh in the presence of AgN03 (Entry 10, Table), was purified by MPLC 

on silica gel. using a mixture of hexane and CHzClz (60 : 40) as eluent, to give in 72 % yield pure (E)-9h as a 

yellow crystalline solid. M.p. 60-62 ‘C. MS, m/z (%): 235 (18), 234 (loo), 150 (32), 121 (44). 85 (79). 57 (41), 

41 (34). IR (KBr): 1760, 1625, 1605, 1248, 1150, 1025, 928, 852, 714 cm-t. tH NMR (600 MHz, CDC13): 6 

7.53 (1H. ddd, J =4.9, 1.1 and 1.1 Hz, H-5’), 7.43 (lH, ddd, 1.1, 1.1 and 1.1 Hz, H-a), 7.35 (lH, ddd, J = 3.6, 

1.1 and 1.1 Hz, H-3’), 7.12 (lH, dd, J = 4.9 and 3.6 Hz, H-4’) 6.62 (lH, dt, J = 1.1 and 1.1 Hz, H-4), 2.49 (2H, 
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dt, J = 7.4 and 1.1 Hz, H-l”), 1.65 (2H, quint, J = 7.4 Hz, H-2”), 1.42 (2H, sext, J = 7.4 Hz, H-3”), 0.96 ppm 
(3H, t, J = 7.4 Hz, H-4”). l3C NMR (150 MHz, CDC13): 6 169.88 (C-2), 161.42 (C-5), 139.33 (C-2’), 133.32 

(C-3’), 130.45 (C-5’). 128.15 (C-4’), 125.95 (C-a), 122.78 (C-3), 101.54 (C-4). 28.65 (C-l”), 28.07 (C-2”), 

22.22 (C-3”), 13.73 ppm (C-4”). Anal. Calc for C13H14O2S: C, 66.64: H, 6.02. Found: C, 66.84; H, 6.32. The 

structure of this compound was confirmed by NMR techniques which included 2D-NOESY and 1H-13C 

heteronuclear multiple-quantum coherence experiments. 

Alternatively, this same compound was prepared in 39 % yield by cylization of crude (E)-llh in the presence 

of Et3N and PdC12(CH$N)z (Entry 9, Table). 

(Z)-2-Bromo-3-(4-chlorophenyl)propettoic acid, (Zk12h. This compound was prepared in 97 % yield from Q- 

17h by a procedure similar to that used for the synthesis of compound (E)-lla, in which, however, the base 

used was 1N LiOH. Compound (Z)-12h had: n1.p. 200-201 “C. MS, m/z (%): 263 (14), 262 (81). 261 (16), 185 

(11). 184 (21), 183 (100). 152 (ll), 108 (51). 107 (22). ‘H NMR (200 MHz, DMSO-d6): S 8.24 (lH, s, H-3), 

7.93 (2H, d, J = 8.5 Hz, H-3’ and H-5’). 7.56 ppm (2H, d, J = 8.5 Hz, H-2’ and H-6’). This crude compound 

was used in the next step without any further purification and characterization. 

Palludilml-curulyzd cross colrplitr-cyclizuriorl oj’(Zk12h with phettylucetyletre, 13a: syttrhesis of’(E)-3-[I-(4- 

chlorophet~yl)n~ethylidetre/-5-phetty/-3H-fkt~utt-2-otte, (E)-9i. Deareated CH3CN (150 ml), phenylacetylene, 

13a, (2.34 g, 22.94 mmol) and Et3N (8.5 ml, 5 1.2 mmol) were sequentially added to a mixture of crude (Z)-12h 

(3.04 g, 11.6 mmol), CuI (0.146 g, 0.76 mmol) and Pd(PPh3)4 (0.88 g, 0.76 mmol) and the resulting mixture 

was stirred under argon at 20 ‘C for 23 h and for 23 h at 85 OC. It was the concentrated in wcuo and the 

residue was diluted with CH$lz and washed with diluted H2S04 and water. The organic extact was filtered 

over Celite, dried and concentrated in wc~o. The residue was diluted with a mixture of hexane and CH2C12 (60 

: 40) and filtered over Celite. The filtrate was concentrated in IWCW and the residue was purified by MPLC on 

silica gel, using a mixture of hexane and CH?Clz (60 : 40) as eluent, to give pure (E)-Yi (0.74 g, 22.5 % yield) 

as a yellow crystalline solid. M.p. 230 “C (from benzene and hexane). MS, nil-7 (%): 284 (7), 282 (20), 114 (3), 

106 (7). 105 (loo), 77 (36). IR (KBr): 1759, 1623, 1490, 1091, 1004. 818,739,681, 542 cm-l. 1H NMR (200 

MHz, CDC13): 6 7.82-7.70 (2H, br m, Harom), 7.62-7.40 (7H, br m, Harom), 7.37 (lH, s, H-a), 6.88 ppm (lH, 

s, H-4). Anal. Calc for C17H 11Cl0~: C, 72.22; H, 4.04. Found: C. 72.35; H, 4.04. 

Palladium-curulyzed cross colcl~littg-L:vclizariott of(Zk12h n?th I -hcvytte, 13~: synthesis al‘(E)-S-buryI-3-[l-(4- 

chlorophenyl)merhylidetre]-3H-fitrun-2- one, (E)-9j, utrd (E)l(Z)-3-[1-(4-chlorophetty1)n~ethy1]-5-(1- 

propylidetre)-SH-jiwatr-)-one, (E)/(Z)-20. I-Hexyne, 13~. (3.43 ml, 29.9 mmol) and Et3N (11.1 ml, 79.7 mmol) 

were sequentially added to a deareated mixture of crude Q-12h (5.20 g, 19.9 mmol), Pd(PPh3)4 (1.15 g, 0.996 

mmol) and CuI (0.19 g, 0.996 mmol) in CH3CN (200 ml) and the resulting mixture was stirred for 70 h at 20 

“C and for 24 h at 80 ‘C. It was then concentrated in vucuo and the residue was diluted with CH$12 and 
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washed repeatedly with diluted H#O? and water. The collected organic extracts were filtered over Celite, dried 

and concentrated irr \WYW. The residue was diluted with a large excess of a mixture of hexane and CH2C12 (60 : 
40) and filtered over Celite. The filtrate was concentrated i/r vuctw and the residue was purified by MPLC on 

silica gel, using a mixture of hexane and CHzC12 (60 : 40) as eluent. Concentration of the first eluted 

chromatographic fractions yielded a yellow crystalline solid, which was diluted with a mixture of hexane and 

CH2C12 (60 : 40) and filtered. Concentration of the filtrate yielded chemically and stereoisomerically pure (E)- 

9j (0.57 g, 10.9 % yield) as a yellow crystalline solid. M.p. 85-87 “C. MS, m/z (%): 264 (9), 262 (30), 178 (18), 

149 (16), 114 (ll), 85 (loo), 57 (34). IR (KBr): 1765, 1632, 1276, 1172, 1010, 931. 820, 670, 517 cm-l, 1H 

NMR (200 MHZ, CDC13): 6 7.48 (2H. d, J = 8.7 Hz, H-3” and H-5”). 7.39 (2H, d, J = 8.7 Hz, H-2” and H-6”). 

7.23 (lH, S. H-a), 6.21 (lH, s, H-4). 2.49 (2H, t, J = 7.4 Hz, H-l’), 1.65 (2H. quint, J = 7.4 Hz, H-2’). 1.41 (2H, 

sext, J = 7.4 Hz, H-3’), 0.99 ppm (3H, t, J = 7.4 Hz, H-4’). Anal. Calc for C1sH15Cl02: C, 67.57; H, 5.75. 

Found: C, 67.61; H, 5.85. 

Concentration of the intermediate chromatographic fractions yielded a solid residue, which was purified by 

MPLC on silica gel using a mixture of hexane and Et20 (90 : 10) as eluent. Concentration of the first eluted 

fractions gave stereoisomerically pure (2)-20 (0.37 g, 7.1 % yield) as a pale yellow oil. MS, m/z (%): 264 (19), 

262 (61), 233 (24), 220 (32), 185 (68), 171 (33), 141 (24), 115 (69), 55 (100). IR (film): 1774 , 1493, 1267, 

1092, 1042, 1016, 983, 895, 806 cm-l. tH NMR (600 MHz, CDC13): 6 7.276 (2H, d, J = 8.5 Hz, H-13 and H- 

15), 7.141 (2H, d, J = 8.5 Hz, H-16 and H-12), 6.184 (IH, m, H-4), 5.152 (lH, t. J = 8.0 Hz, H-6). 3.620 (2H, s, 

H-lo), 2.326 (2H, dt, J = 7.5 and 7.5 Hz, H-7), 1.464 (2H, sext, H-8), 0.919 ppm (3H, t, J = 7.5 Hz, H-9). 13C 

NMR (150 MHz, CDCl$: 6 174.14 (C-2), 148.38 (C-5), 138.03 (C-4), 135.76 (C-3), 133.80 (C-14), 130.21 (C- 

13 and C-15), 129.37 (C-11), 128.86 (C-12 and C-16), 115.94 (C-6), 30.92 (C-lo), 28.16 (C-7), 22.27 (C-8), 

13.67 ppm (C-9). Anal. Calc for Ct5H15ClOz: C, 67.57; H, 5.75. Found: C, 67.51; H, 5.90. Concentration of 

the last eluted fractions of this second chromatography gave a mixture of (Z)- and (E)-20 (0.13 g, 2.5 % yield) 

ina cu. 1 : 1 ratio. On the other hand, concentration of the last eluted fractions of the first chromatography gave 

a 97.6 % chemically pure mixture of (Z)- and (E)-20 (1.27 g, 24.3 % yield) in a 17.2 : 82.8 ratio, respectively. 

This mixture was purified by MPLC on silica gel, using a mixture of hexane and CH2Cl2 (60 : 40) as eluent, to 

give a new mixture of (Z)- and (E)-20 in a cu. 10 : 90 ratio, respectively. Compound (Q-20 had MS, ml: (%): 

264 (15). 262 (47), 233 (17), 220 (22), 185 (55). 171 (23). 141 (15), 115 (48), 55 (100). ‘H NMR (600 MHz, 

CDC13):67.29 (2H. d, J = 8.5 Hz, H-15 and H-13), 7.17 (2H, d, J = 8.5 Hz, H-12 and H-16), 7.08 (IH. m, H-4). 

5.65 (lH, t, J = 8.5 Hz, H-6), 2.16 (2H, q, J = 7.5 Hz, H-7), 1.48 (2H, sext, J = 7.5 Hz, H-8), 0.91 ppm (3H, t, J 

= 7.5 Hz, H-9). 13C NMR (150 MHz, CDC13): 6 170.01 (C-2), 148.64 (C-5), 135.62 (C-3), 133.47 (C-14), 

132.30 (C-4), 130.25 (C-13 and C-15), 129.53 (C-11), 128.92 (C-12 and C-16), 115.16 (C-6), 31.14 (C-10). 

28.36 (C-7). 22.81 (C-8), 13.49 ppm (C-9). Selective lD-NOE experiments allowed to confirm the 

stereochemistry of compounds (Z)- and (_I?)-20. In particular, by selective excitation of the resonance at 5.152 

ppm attributed to H-6 in (Z)-20 (negative signal), it was observed a positive signal at 6.814 ppm, which was 

attributed to H-4. On the other contrary, no NOE contact was observed by selective excitation of the resonance 

at 5.651 ppm (negative signal), which was attributed to H-6 in (Q-20. 

It must also be mentioned that when compound (E)-9j was reacted with 3 equiv of Et3N in CH$N under reflux 

for 5 h, a mixture of(E)- and O-20 in a cu. 60 : 40 ratio, respectively, was obtained. 
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8 (E)/(Z)-20 

(Z)-3-(3,5-Dichlor~oyher~yl)n~eth~l-4-~het~~l-5-(I-~~o~~lider~e)-5H~~~~~utr-2-orre, (Z)-22. Pd(PPh$4 (2.04 g, 1.76 

mmol) was added to a deareated mixture of crude (E)-lid (1.0 g, 3.53 mmol), iodobenzene, 21, (0.77 ml, 7.01 

mmol), rr-Bu4NCl (0.98 g, 3.53 mhnol) and EtjN (17.4 ml, 124.8 mmol) in DMSO (30 ml) and the resulting 

mixture was stirred at 85 ‘C for 22 h under argon. It was then cooled to room temperature, poured into a large 

excess of water and extracted repeatedly with CHC13. The collected organic extracts were washed with water, 

dried, filtered and concentrated in vucuo. The residue was diluted with a large excess of a mixture of hexane 

and CH2C12 (65 : 35) and filtered over Celite.The filtrate was concentrated in ~~IIO and the residue was 

purified by MPLC on silica gel using a mixture of hexane and CH2C12 (65 : 35) as eluent. CLC/MS analysis of 

the chromatographic fractions which contained the reaction product showed that it was contaminated by PPh3 

and PPh30. Thus, these fractions were collected and concentrated itr wc~~o. The residue was purified by MPLC 

on silica gel, using a mixture of hexane and CH2C12 (60 : 40) as eluent, to give pure (Z)-22 (0.29 g, 22.8 % 

yield) as a yellow oil. MS, nt/c (07): 362 (11). 361 (10). 360 (49), 359 (21), 358 (74), 225 (100). 189 (85). 94 

(50). 55 (57). IR (film): 1763, 1569, 1432, 1058, 795, 767, 702 cm- ‘. ‘H NMR (600 MHz, CDCl3): 6 7.50 (3H, 

, H-18, H-19 and H-20), 7.25 (2H, m , H-17 and H-21), 7.16 (lH, dd, J = 1.8 and 1.8 Hz, H-13), 6.98 (2H, d, J 

= 1.8 Hz, H-l 1 and H-15), 5.23 (1H. t, J = 7.6 Hz, H-6), 3.64 (2H, s, H-9). 2.43 (2H. quint, J = 7.6 Hz, H-7), 

1.07 ppm (3H, t, J = 7.6 Hz, H-8). 13C NMR (150 MHz, CDC13): 6 169.50 (C-2), 152.01 (C-4). 148.71 (C-5), 

141.19 (C-3), 134.95 (C-12 and C-14) 129.81 (C-19) 129.74 (C-16) 128.92 (C-18 and C-20). 128.66 (C-17 

and C-21). 127.00 (C-11 and C-15). 126.88 (C-13) 125.50 (C-lo), 118.16 (C-6), 29.18 (C-9). 19.99 (C-7), 

13.54 ppm (C-8). Anal. Calc for C20HtoCI~O~: C, 66.87; H, 4.49. Found: C, 66.95: H, 4.63. The structure and 

stereochemistry of this compound were confirmed by NMR experiments which included tH-tH NOESY and 

tH-13C heteronuclear long range shift correlation. 

17 
8 

(Z)-22 
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