@

@y TETRAHEDRON
Tetrahedron 54 (1998) 135-156

=

Pergamon

Renzo Rossi,*2 Fabio Bellina,*@ Chiara Bechini,2 Luisa ManninaP and Piergiorgio Vergaming

Dipartimento di Chimica e Chimica Industriale, University of Pisa, Via Risorgimento 35,
[-56126 Pisa, Italy,2 and

~ o s A oo - enx - TR AR T I ] [T )
COorso di Lawrea 1n dcienze Ambiental, Umiversity of Miolise, via Mazzint 8, 1-801 /U, 1seérma, 1taly"

Received 9 September 1997; revised 27 October 1997; accepted 30 October 1997

Abstract : 5-Aryl and 5-alkyl substituted (£)-3-[1-(aryl)methylidene]- and (E)-3-(1-alkylidene)-3H-furan-

1 P7 ey

2- -Oones, U‘) 9. have been S(,lC(.[lVCly symneswm Dy cvcumnon of the COlTeSpOll(]an (h)- —(J au\ynyl) 3-

arvl/alkvloropenoic acids [F\ 11. in the presence of AnNﬂn or Pd-catalysts such as frans-diu-
aryi/aikyipropen acigs, (&)-11, presence or ra-calaiysts su 15-0H}

acetato)bis[(di-o-tolylphosphino)benzylldipalladium(II) or that constituted of a mixture of EtaN and
PdCl(PhCN)» or PACly(CH3CN). in a 3 : 1 molar ratio, respectively. A representative (E)-5-aryl-3-[1-
(arylymethylidene]-3H-furan-2-one, i.¢. (E)-9i, has been also prepared by a tandem process involving a
Pd(0)- and Cu(l)-catalyzed cross-coupling reaction between an l-alkyne and a (Z)-3-aryl-2-
bromopropenoic acid followed by a catalytic intramolecular oxypalladation of the resulting cross-coupled
product. Howcever, when this same approach was used to prepare an (£)-3-alkyi-3-{ 1-(aryl)methyiidene]-
3H-furan-2-one, i.e. (E)-9j, a mixture of (E)-9j and the corresponding (E)AZ)-5-(1-alkylidene)-3-
[gv!)mgghy! -SH-furan-2-one ie. (E)/(Z) -20, was obtained, qullv in an attempt 0 prepare an (EN-4-
alkyl-5-aryl-3-[1-(aryD)methylidene]-3H-furan-2-one, i.e. (E)-14a, by a tandem process involving the
intramolccular oxypalladation of an (E}-cnynoic acid, (E)-11, followed by a cross-coupling reaction of the
resulting compound with an aryl iodide, a (£)-5-(1-alkynyl)-4-aryl-3-arylmethyl-SH-furan-2-one, i.e. (Z)-
22, has been stereoselectively obtained. © 1997 Elsevier Science Ltd. All rights reserved.

In r
derivatives by Ag-, Hg-, Rh- or Pd-caialyzed intramolecular additions o
Lactone derivatives, which have been prepared according to these procedures include 5-substituted 3H-furan-2-
ones, 1,¢ 5-ylidene-tetrahydrofuran-2-ones, 2,/¢.d,2b-¢.3a.b.4c (7)-5-ylidene-SH-furan-2-ones, 3,/0.1¢4b and (Z)-
3-ylidenephthalides, 4./¢./¢ On the other hand, modifications of these procedures, in which an alkynoate, 5, is
reacted with an allyl halide,> a 1-bromo-1-alkyne® 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 © 1997 Elsevier Science Ltd. All rights reserved.
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More recently, analogous carbopalladation-heterocyclization sequences involving the potassium salts of

pentynoic acids 3- or 5-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

4 R
5 6 R*™ 4 8
Interestingly, compounds 3 ¢ 4 have been also recently yntheslzcd by tandem processes involving

acid or 3-halo-2-

led nrr\dnhts'g-ll

AL IV UL

O

ynes and o- md@bcnz

Nevertheless, strategies similar to those used for the synthesis of compounds 1-4, 7 and 8 have not been
empioyed so far for the stereocontrolied 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-3H-furan-2-ones, involves a Pd-catalyzed cyclocarbonylation of 3-
aryl-1-propynes and iodoarenes or carboxylic acid chlorides./2 On the other hand, previous methods, which
consist of reactions between y-ketoacids and aromatic aldehydes under Perkin-Erlenmeyer conditions, afford 5-
substituted 3-[1-(aryl)methylidene]-3H-furan-2-ones of unknown configuration!3 and are unsuitable for the
preparation of the corresponding 3-(1-alkylidene) derivatives.

2
LI}
. 1 -
(E)-9: R! = alkyl, aryl (E)-10
D2 _ Aty 1
R~ = dikyi, ai'yi

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,’? 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)—IO, some of which have proven to be characterized by antifungal
activity./S-/6 Thus, with the findings gained in the studies on the synthesis of compounds 1-4 in mind,/#9-11

2282 il LG o VIR OLO

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

T
e ding (I (1 o1l s Ikvipropenoic acids, (E)-11, or
LOITCSPOIIUIH;: U:} 2- \1°dlnyuyl)-.) a.l_yl/au& APTOPENHoIC aCiGas, \£)-xx, Of
i-2

catalyzed cross-coupling between (Z)-3-aryi-2-bromopropenoic acids, (£

W

Sonogashira conditions/” and a subsequent Pd-catalyzed cyclization of the (E) 2-(1-alkynyl)-3-aryipropenoic
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acids, (E)-11, so obtained (Scheme 1).

R R' H @ R

/l\\ % — = O . . .J\\,Br + H——1 .1
\r R — Ir\t\| )
COOH i COOH

(E)-11 (E)-9 2)-12 13

CA}-l\rﬂl\ 1
In this paper we wish to report the resuits 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, (E)-14 by a tandem
process involving the oxypalladation of an (E)-2-(1-alkynyl)-3-arylpropenoic acid, (E)-11, followed by a cross-
coupling reaction of the resulting product with an aryl iodide.

@)

H

= O
™ — l"\1
n a g

(E)-14 : R = aryl; R} = alkyl; R? = aryl

RESULTS AND DISCUSSION
Stereoisomerically pure compounds (E)-11, which in our first synthetic strategy were used as precursors
to 5-substituted (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
I Br ey I Br
COOR*® COOR*®
Z)-17 Z)-15
R A R __R @ @
L N _ u N4 — + +
m l L] I
COOH COQR? CiZn =Y R-ZnCl
(E)-11 (E)-19 18 16
or
H——n"
i e It
13
Scheme 2
Thus, 3-aryl and 3-alkyl substituted alkyl (Z)-2-bromopropenoates, (Z£)-17, were prepared according to a

r
19 - ma 1O

of alkyl (Z)-2,3-dibromopropenoates.?8./% In particular, easily availabie (Z)-i5a or (Z)-i5b‘5 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 %

procedure developed in our laboratory for the selective and stereospecific monoarylation and monoalkynylation
8,
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Pd(PPh3)4, to give the corresponding stereoisomerically pure compounds (Z)-17a, (£)-17d, (Z)-17e, (Z2)-17f,
(Z2)-17g and (Z2)-17h in 84, 65, 77, 84, 85 and 88 % yield respectively. [Eq. (1)].

H H
Br)%I/COOR‘? + Rzncl —oPPhy), THE, 20°C lL,‘J%T,COOR’2 1
8r PdCly(dppt), THE, 20 °C Br
(Z)-15a-b 16a-h (Z)-17a-h
|| R? R R RZ  yield (%)
a | CH3 a 3,4-<%C6H3 a 3,4-<2‘;:C(,1+13 CoHs ~ 84i8¢
b |C2Hs b n-C4Ho b n-C4Hg CHj 63
c i-C4Hg ¢ i-C4Hg CH; 79
d | 3,5-ClaCgH3 d | 3.5-ClpCgHs  CH3 65
e CgHs e CeHs CoHs 7718
f | 4-F-CgHy f | 4-F-CgHy CH3 8418a
g | 2-thienyl g 2-thienyl CH3 8518a
h | 4-Cl-CgHq h | 4-Cl-C¢Hs  CHj3 88
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3-alkyl-2-bromopropenoates (Z)-17b and (Z)-17c¢ in 63 and 79 % yield, respectively [Eq. (1)].
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prepared into the corresponding methyl (F)-2-(i-alkynyl)-2-aikenoates, (E)-19. The first method, which was
used to prepare compounds (£)-19a-e, involved a cross-coupling reaction between compounds (E)-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 (E)-19a, (E)-19b, (E)-19¢, (F)-19d and (£)-19e were so obtained
in 62,71, 84, 74 and 88 % yield, respectively.

R R _R!
I pr . I Pd(PPhs),, THF I o
A | > 20 -70°C A | >
COOR COOR
(Z)-17a-e 18 (E)-19a-f
n n? nlt n nl n? L0F N\
K K< K K K* K- yle \/0)
bl n-C4Hg CHj a CeHs a| nCqHg n-CegHj3 CHj3 62
c i-C4Hg CHj bl n-CeHiz b i-C4Hg CeHs CH3 71
d |3,5-Cl,CgHs CHj ¢ |4-CH3-CgHy ¢ |3,5-ClpCgHy 4-CH3-CeHs CHj3 84
e CeHs CoHg d| n-Cz3Hy d|3,5-CloCgH3; n-C3Hy; CHj 74
e CeHs CeHs CHs 88
The cerand methad which invalved a PAM - and CiifN_catralvzed connling reaction hetween comnonndg
11U DLW UILIL 11IVLIIVU, VY LLIVEL 111V 1V @ 1 ugwvy il N iy V“wl Lo \-‘Vurllllé AVEAW LALIEL LWL VY W WASIRAPINI LIS

, under the Sonogashira conditions,’” allowed to prepare stereoisomerically pure (E)
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19f, (E)-19g and (E)-19h in 56, 66 and 53 % yield, respectively [Eq. (3)].

i Pd(PPh;)4, Cul L = R
HA B + R—=—H d ”3);}1_“ e S 3)
i Et3N, CgHg i
COQCH}, o or COOCH;
~ 20 UL -]
(7V 170 f.o 13 (E)-19f-h
\‘Jl 11“’! 5 \=i
R R! R R!  yield (%)
I8} 0O )
a 3;4'<;:C5H3 a CeHs f 3'4'<x:(/6H} CeHs 56
fl 4-F-CH. bl h.CiHiA o AF-CcH,2 n-CsHin 66
f 4-F-CgHy bl n-CgHiz g 4-F-CgHy CgHiz 66
g 2-thienyl c n-C4Hg h 2-thienyl n-C4Hog 53

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 H,SO4 provided the corresponding carboxylic
acids (E)-11 in 95-100 % yield.

1
B ,;/R
COOH
(E)-11a-h
a b c d e f h

cH4 2-thienyi

) e

n-C4Hg i-C4Hg 3,5-CipCeH3z 3,5-CipCgHz Celis 34((‘3:(:*6]_11 4-F-

R n-CgHiz CgHs 4-CH3-CgHa n-C3Hy CsHs CgHsg n-

&

Hijz  n-CaHg

With an efficient route to compounds (£)-11 established, three different procedures (procedures A-C) for
the transition metal-catalyzed cyclization of these carboxylic acids to the corresponding 5-substituted (£)-3-
ylidene-3H-furan-2-ones, (E)-9, were examined. Procedure A, in which the catalyst system was the same that
Utimoto and coworkers?¢ employed for cyclization of 3-, 4- and 5-alkynoic acids, involved the reaction of
compounds (E)-11 with 5 mol % PdCl2(CH3CN)2 or PAdClp(PhCN)2 and 15 mol % E3N in THF at 65°C or in
DMF at 90 °C. In procedure B, unprecedently employed for similar reactions, the cyclization of compounds
(E)-11 was carried out in toluene under reflux, in the presence of 5 mol % of a palladacycle, i.e. rans--di(p-

acetato)bis[(di-o- Lolylphosphmo)benzyl]dlpallad1um(II)20 and in the absence of any base. On the other hand,

procedure C involved treatment of acetone solutions of compounds (£)-11 with 20 mol % AgNO3 at room
nnnnnnnnn Tha racnlte Ahtainad cing thaca nraradnree whinrh ara cummarizad in the Tahle revanl tha
lCllllJCldlulC 11V 1OUDUILD vuldallivg ualug L ov lJlU\—bLllll\/D, WILIVIL diIV JUllldilalioiv\y 1 1O 1 aule, 1uvioal uiv
o1 . ATY sl e Aarriard AT Giine ArAanadiiee A Tt oo A ™ O 3 DN

Iouowmg reaturc:s. All CyLllZd[lOﬂS carriea out Ublﬂg proceaure A (cnuies 1, 4, 7, o0 dl](l y) rcquucu Lung

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, (£)-9g. (E)-9¢ and (E)-9h, respectively, in modest to satisfactory yields.
On the contrary, cyclization of (E£)-11c (Entry 4), which was carried out in DMF solution since this carboxylic
acid was not soluble in THF, afforded (E)-9¢ 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 (£)-2-en-4-ynoic acids in DMF

or CH3CN solution in the presence of Pd(PPh3)4,’? only traces of compound (E)-9c were obtained.

1 93 ~ L2 bd
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TIntaractinoly nracednre R gave ragiilte camnarahle ar hottor than thaca ahtainad when nracednre A wag
AHCICOLIELY, PIOLCUUIC D gavl Iosunls LoMipalavil O 0CULT ulall oSt uuallicld wiitil prociiuic A was
PUSOUNS WU T SORY SR TS T - re cleane e d m i A e A oo A
CIHIpIoyca. 11 ract, e LyllZdIlUll l'Cd.Lll() 1S WEIC Clcanc dﬂ lﬂOSC pCllUIllCU Ublllg p ‘oceaure A ana procecaca

in times comparable or shorter than those which were necessary when this last procedure was employed.
Moreover, cyclization of (E)-11e 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 (£)-2-(1-Alkynyl)propenoic acids, (E)-11,

EntryjCarboxylic Catalyst Solvent | reaction Product Yield
acid conditions (%)
(E)-11 (°C/h) (E)-9 R Rl
1* | (E)-11f | PdClo(PhCN), | THF 65/42 (E)-9f [34-<~* O,.C6H3 CgHs 64
22 | (B)-11a AgNO;3 Acetone| 20/20 | (E)9a n-C4Ho n-CeH13 39
3% | (E)-11b AgNO;3 Acetone| 20/55 | (E£)-9b i-C4Hog CeHs 38

4° | (E)-11c | PACIx(MeCN)2 | DMF | 90/90 | (E)9¢ | 3.5-ClaCgH3 | 4-CH3-CgHs | 9

54 (E)-11d Palladacycle |Toluene| 110/42 (E)-9d 3,5-ClpCgH3 n-C3H7 67
fd Ve maY P D11 3 _ T Lg AW | _ . 11N 1A e nas |} M 1Y ralh & ¢ o~
4] (E)-11e raiagacycie Toluene 110/24 (£)-Ye CgHs {CpHj5 3/
7 | (E)-11g | PAClp(MeCN); | THF 65/ 64 (E)-9g F-CgH n-CeH13 79
oC IS AN & PN DAL _IMAMNTY TLID L& T A & N Qa T & BT _ A
(£)-La€ | raci2iuviEiuiNgg 1nr 057445 (L)-7€ (@ s b L6r15 42
9¢ | (E)-11h | PACI(MeCN); | THEF | 65/65 (E)-9h 2-thienyl n-C4Hog 39
1f\b N 11h A ~NMNS Aot MmN I I\ Ok I _thinmesl LLY A T
1y \Lj-1111 nél‘\.}j ALCLULIC LU L1 \L -7 Z=LLIi1Cl yl re=\.4riy I &
o) Entry 1 noarfarmad no S mnldz DI‘FIA/D"\PNT\A and 18 mnl0 BEtalN ag re e queiarn IDrn ol AY R E tr%ac ) and 1N
aj l‘lllly 1 de P\.allUllll\.;U Ua.lllc SRV /G DUNCL/RL HINGLN ) AlId A0 THVL /U L5y ad »a(ul.yu» O]DI\AII \1 U\ubuulb £3). U) LaUIvs o, J anu 1v
were performed using 20 mol% AgNOj3 as catalyst (Procedure C). ¢) Entries 4, 7, 8 and 9 were perf()rmed using 5 mol%
PdCl>(MeCN)2 and 15 mol% Et3N as catalytic system (Procedure A). d) Entries 5 and 6 were performed using 5 mol% trans-di(p-

acetate)-bis[(di-o-tolylphosphino)benzyl}dipalladium as catalyst (Procedurc B).

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 (£)-11. In fact, on the contrary to
procedure A in which, at least in principle, Et3N could reduce the palladium(1I) compounds used as catalyst
precursors,?/ in procedure B there were not reagents able to perform the reduction of the palladium(Il)
compound used to perform the desired cyclizations. Therefore, the catalyst for cyclization of compounds (£)-11
should be a palladium i
be explained by supposing that the irue cataly
the carboxylic acids, which were used as substrates, to the palladium(0) complex which was formed in the
reaction conditions employed or was used as catalyst precursor.?? 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 10), they
provided the desired compounds in modest yields.
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H NMR analyses as well as by elemental a ldlyu\ Moreover, the structure and swneocnemlsuy f three
representative 5-substituted (E)-3-[1-(ary)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),
1D- or 2D-Overhauser experiments (NOESY) and 1H-13C heteronuclear multi-quantum coherence (HMQC)
experiments. On the other hand, the (E)-stereochemistry was assigned to compounds 9d-f taking into account
that: ) as demonstrated for (E)-9f, (E)-9g and (E)-9h, the reactions which were used for their synthesis from

(Z)-15 were completely stereospecific; i) in compounds 9¢, 9d and 9e the chemical shifts of the olefinic

111 VRS L (133 LV 4 =)

In spite of the relative effectiveness of the cyclization reactions of compounds (£)-iia-h to the
corresponding S-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
(E)-9, i.e. (E)-3-[1-(4-chlorophenyl)methylidene]-5-phenyl-3/H-furan-2-one, (£)-9i, and (F)-5-butyl-3-[1-(4-
chloro-phenyl)methylidene]-3H-furan-2-one, (E)-9j, was attempted. Thus, compound (Z)-12h, which was
1dification,

[2]

obtained by reaction of a THF solution (Z)-17h with 1N LiOH at room temperature followed by a
uiv of phenylacetylene, 13a, in CH3CN solution for 23.5 h at 20 °C and for 23

LB IALLLYILaL, 28, L

&
=
(7]
)
1'

¢

1L
L2
{
"!'

mal 0. DADDL
HIUL 70 TU\F L

in23% leld.

H H
_ A COOMe 1) IN LiOH, THF A COOH H===—CeH; (13a), Pd(PPh),
/U L 2) H;0° 1 Cul, B3N, McCN
cI ' Cl r 20 - 85 °C
(Z)-17h (Z)-12h
Hox
~< = O
~(\=
P CgHs
! (E)-9i
Scheme 3

On the other hand, an analogous reaction between (Z)-12h and 1-hexyne, 13¢ afforded a mixture of (E)-9j
and (E)/(Z)-3-[1-(4-chlorophenyl)methyl]-5-(1-propylidene)-5H-furan-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
cxpenmcms It was also found that weatment of (E)-9j with 2.5 equiv of Et3N in CH3CN at 85 °C gave a

B.

<
£
a
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means O I
coupling reaction between these reagents
H 9
~( X;\\/_&_10
H H /\L_,/) ()9 \"'C4H9
COQOH \ Pd(PPh3)4, Cul Cl el
A -
f\_l/‘\( "N\ . EbN. MeCN " @
CIM or M-y Mg h)

H

(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-[1-(aryl)methylidene]-3H-furan-2-one, (£)-14, by a tandem process
involving the oxypalladation of an (E)-2-(1-alkynyl)-3-arylpropenoic acid, (E)-11d, and a subsequent cross-

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

that previously employed for the synthesis of (E)-[1,1-(disubstituted)methylidene]-tetrahydrofuran-2-ones,”

AAAAAAAAA Ay 118 onn sanatad ol 1 A 1—..—..—. ana 21 . MAMCN o e 11y tlaa meacamAa
compound (E)-11d was reacted with 2 equiv of iodobenzene, 21, in DMSO at 85 °C for 22 h in the presence of

1 equiv of BugNCl, 0.5 equiv of Pd(PPh3)4 and a large excess of EtsN [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 (E)-3-[1-(3,5-dichlorophenyl)methylidene]-4-phenyl-5-propyl-3H-furan-2-one, (E)-
14a. The structure and stereochemistry of (Z)-22 were unambiguously established by IR, MS and elemental

analyses and by NMR experiments.

- ‘ﬂ \T \
Y CeHs \>"02H5

(Z)-22
+ 3)

~ 1 4, BugNC
="+ CeMsl NS0, 85 °0
H O
COOH T e A
(E)-11d 21 7L { NOSLP
Y CeHs CiH,
Cl

(E)-14a

In conclusion, several 5-aryl and 5-alkyl substituted (E)-3-[1-(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 (£)-2-(1-alkynyl)-3-aryl/alkylpropenoic acids, (£)-11. Among the
cyclization reactions examined, those which were catalyzed by trans-di(u-acetato)bis[(di-o-tolyl-

hino)benzyl]ldipalladium(Il), a complex not previously employed for intramolecular additions of

a L L r_-. L2
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furan-2-one has also been synthesized, although in modesi yield, by a tandem cross coupling-lacionization
process. However, when a similar tandem procedure was employed to prepare an (£)-5-alkyl-3-[1-
(aryl)methylidene]-3H-furan-2-one, owing to the experimental conditions employed, a mixture of the desired
3H-furan-2-one and the corresponding (£)/(Z)-5-(1-alkylidene)-3-(aryl)methyl-5H-furan-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 (£)-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 (F)-9 synthesized by this tandem process ¢

ipounds (E)-9 synthesized by this tandem pt re obtained in modest vields and that, in the

case of the synthesis of 5-alkyl susbstituted 3H-furan-2-ones, an undesired isomerization occurs, it is posmblc
to conclude that the preparation of 5-aryl and 5-alkyl substituted (E)-3-[1-(aryl)methylidene]-3H-furan-2-ones
by transition metal-catalyzed cyclization of the corresponding carboxylic acids (E)-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-[1-(aryDmethylidene]-3H-furan-2-one by the above mentioned
tandem process, occurred in an experiment aimed to prepare an (£)-5-alkyl-4-aryl-3-[ 1-(aryl)methylidene}-3H-
furan-2-one, (E)-14, which consisted of a tandem process involving the oxypalladation of an (E)-2-(1-alkynyl)-
3-arylpropenoic acid, (E)-11, and a subsequent cross-coupling reaction of the resulting product with an aryl

d
mentioned procedures, are in progress.

EXPERIMENTAL

4

All boiling and melting points are uncorrected. Precoated plastic silica gel sheets Merck 60 Fosyq were used for
TLC analyses. GL.C 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 Biichi 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-

nkar ANMY AN enartramator neing TMS and ONCl, ag an internal ¢ta ard recnectively IR cnactra ware

l N 1 SAIVIA UUVY Dl}\/\/‘rlulll\dl\ll uDlllE 11VE AllU A1 Ao Al i lidl dslalivaliu, lVO}J\a\tthDl . AXN Dl.l\,\illa Ywulv
cammemdad e o Danlilia Tl 1798 Y ET TD crmamiemm AVl el AL ST Xl tall o
IeCoraca oIl a rCerki-cimer 1/725-A ri-in specu Up 10i0omeier. Al reactions o1 air- d[lu dlcr‘b{:"bluvc

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,/8a ethyl (Z)-2,3-dibromopropenoate, (Z)-15b,/3@ Pd(PPh3)4, 23 PdCla(dppf),4
PdCl(PhCN)3,25 PAClp(CH3CN)2,26 trans-di(u-acetato)bis[(di-o-tolylphosphino)benzyl]dipalladium,20 ethyl
(Z)-2—bronm—3-[3,4—(methvlenedioxv)—DhenylIpropenoatc (Z)-17a,18¢ ethyl (Z)-2-bromo-3-phenylpropenoate,
(Z)-1 ‘79,18“ methyl (Z)-2-bromo-3-(2-thienyl)propenoate, (Z)- 1 78, 18a methyl (Z)-2-bromo- 3-4-

Jr/propelivale, (9180 81

fluorophenyl)propenoate, (Z)-17f,/8a and ethyl (£ )-3-(3,4-methylenedioxy)phenyl-2-(phenylethynyl)-
vropenoate. (£3-19f 18a <1, ries of aryl- and alkvlzinc chlorides. 16. in THF were prepared by addition of 0.5 M
prt pc oalc, \L p-171. DIUITICS Of aryi- ana aikyizinc Cnioriaes, v, in 1ar WEIE Prepaica oy atQiiisil 01 v.J vi
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used for the preparation of slurries of 1 -alkynylmagnesium bromides

and ZnCl».

General procedure for the synthesis of alkyl (Z)-3-aryl- and (Z)-3-alkyl-2-bromopropenoates, (Z)-17.
According to the literature,/8 Pd(PPh3)s (1.44 g, 1.25 mmol) and a solution of an alkyl (Z)-2,3-
dlbromopropenoate. (2)-15, (25.0 mmol) in THF (10 ml) were sequentially added to a solution of a slurry of a

arylzinc chloride, 16, (30.0 mmol) in THF (80 ml), which was stirred at 0 °C under argon. The res u!_mg
mixture was allowed to warm up to 20 °C and stirred at this temperature for 24 h. It was then poured into a
nnnnnnnnnnn n gna ad anvianiye NLT M1 n oand A cxritlh Do) Tha ~egomin avie f‘ ...-\.-l
U. 1€ Organic exiract was uierea

large excess of a saturated aqueous NH4Cl solution and extracted with Etp
over Celite, dried and concentrated in vacuo. The residue, which was analyzed by GLC/MS, was purified by
MPLC on silica gel or by fractional distillation. Compounds (Z)-17d and (2)-17h were prepared according to
this general procedure. A very similar procedure, in which the Pd-catalyst precursor was PdClo(dppf), was used
to prepare compounds (Z)-17b and (Z)-17¢ by reaction between (Z)-15a and alkylzinc chlorides 16a and 16b,

respectively.
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3
. ,q,J =7.2 Hz, H-4), 1.60-1.20 (4H, m, 5 and H-6), 0.9: ppm (3H,t,J -
0 Hz, H-7). Anal. Calc for CgH3BrQ9: C, 43.46; H, 5.92. Found: C, 43.89; H, 5.93,

Methyl (Z)-2-bromo-5-methyl-2-hexenoate, (Z)-17¢. The crude reaction product, which was obtained from the
Pd-catalyzed reaction between (Z)-15a and iso-butylzinc chloride, 16¢, was purified by fractional distillation to
give in 79 % yield chemically and stereoisomerically pure (Z)-17¢. B.p. 99-101 °C/12 Torr. MS, m/z (%): 222

(4), 220 (4),180 (98), 178 (100), 148 (37), 146 (38), 99 (21), &1 (33), 56 (27). 'H NMR (200 MHz, CDCl3): §
722 /1L ¢+ T 79 e T2\ 2Q2 /211 ¢ O DIIS M ¢« T=—T77H, T A 1 QA (MU cant T - &7 10> LI_
1. O3 \M0, L, 0 = 7.4 014, 1170 ), 3.0 \J11, D, U3 ), L. \&id, L, J = /.4 114, I1-5 ), 1,00 \111, SCPL, b = U./ 1L, 11
-4 N N~ (TY 1 h 4 £ 7T Iy INSLONT N A 1 M1 gy ra e e j h_f\ ~ AN Al ry & O | 3 e AT 17 Y £ £O
Jj), 0.97 (bH, 4, J = 6.7 Hz, (U{Cn3jp). Anal. Caic tor Cgr113prg: L, 45.40; 1, 5.Y2. rouna: {, 43.1/; 0, 5.0

Methyl (Z)-2-bromo-3-(3,5-dichlorophenyl)propenoate, (Z)-17d. The crude reaction product, which was
obtained from the Pd-catalyzed reaction between (Z)-15a and 3,5-dichlorophenylzinc chloride, 16d, was
purified by MPLC on silica gel, using a mixture of hexane and benzene (70 : 30) as eluent, to give in 65 %
yield chemically and stereoisomerically pure (Z)-17d as a colourless crystalline solid. M.p. 114 °C. MS, m/:z
(%): 312 (11), 310 (26), 279 (13), 231 (66), 229 (100), 197 (35), 172 (34), 170 (58). IH NMR (200 MHz,
CDCI3): 58.08 (1H, s, H-3), 7.69 (2H, br s, H-2" and H-6"), 7.39 (1H, s, H-4"), 3.91 ppm (3H, s, OCH3). Anal.

MNals ﬁ snAlla D™ A NA- M AR TIK-H )97 Eannd- O IR S0- H 2 1)
ba!\« A (SERSAV IS § S Al

—jpr1: 701 :P'UL. Ny T f Ty Rhy bwede [ - R VULIG. oy J

Methyi (Z)-2-bromo-3-(4-chiorophenyi jpropenocate, (Z)-17h. The crude reaction product, which was obtained
from the Pd-catalyzed reaction between (Z)-15a and 4-chlorophenylzinc chloride, 16h, was purified by MPLC
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on silica gel, using a mixture of hexane and benzene (60 : 40) as eluent, to give in 88 % yield
PR “__.:_"_11,, NN AT 1 2 TP colo b, A~ T PR AL A Ao U Lo ol
SICreo1Somerically pure (£)-1/71n 4as d colouriess Lbe[dUlﬂC SOotia. 1nis cor 1pouna naa cnc Cdl pulity gl

a
than 97.5 %. M.p. 73 °C. MS, m/z (%) : 276 (32), 274 (24), 197 (57), 195 (100), 138 (28), 136 (71), 115 (15),
101 (45), 75 (46). IH NMR (200 MHz, CDCl3): 8 8.18 (1H, 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, OCH3). Anal. Calc for C1gHgBrClOz: C, 43.59; H,
2.92. Found: C, 43.55; H, 3.01.

Synthesis of alkyl (E)-2-(1-alkynyl)-3-arylialkyl-propenoates, (E)-19, by Pd-catalyzed cross-coupling reaction

between alkyl (Z)-2-bromo-3-arviialkyl-propenoates, (Z)-17, and T-alkynyizine 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.18¢ Tn particular, Pd(PPh3)4 (0.87 g, 0.75 mmol) and a solution of an alkyl (Z)-2-bromo-3-

1 2
aryl/alkylpropenoate, (Z)-17, (15.0 mmol) in THF (20 ml) were sequentially added to a slurry of a 1
alkynylzinc chloride, 18, (22.5 mmol) in THF (50 ml), which was stirred 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)-19a, (E)-19b, (E)-19¢, (£)-19d and (E)-19¢ 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 NH4Cl solution and extracted repeatedly with CH»Cl;. The collected organic extracts were

r - ite and concentrated in vacruo The residue. which was analvzed by

i) V 11 ng concentrated in vacuo. 1he resigue, wiich was analyzed by
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Celite. The filtrate was concentrated in vacuo and the residue was purifie

Methyl (E)-2-(1-octynyl)-2-heptenoate, (E)-19a . The crude reaction product, which was obtained from the Pd-
catalyzed reaction between (£)-17b and 1-octynylzinc chloride, 18b, was purified by MPLC on silica gel, using
a mixture of hexane and EtpO (95 : 5) as eluent, followed by fractional distillation of the chromatographic
frctions which contained the desired product. Chemically and stereoisomerically pure (£)-19a was obtained in
62 % yield as a pale yellow liquid. B.p. 95 °C/0.07 Torr. MS, m/z (%): 250 (13), 221 (12), 219 (10), 179 (29),

137 (26), 133 (29), 119 (42), 91 (100), 77 (52). 'H NMR (200 MHz, CDCl3): 8 7.15 (1H, t, J = 7.7 Hz, H-3),

k] b A
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
rr oA 4 N L A AT T A1,
H-7"), 1.05-0.83 ppm (6H, br m, H-7 and H-8’). Anal. Caic for CgH2602: C, 76.80; H, 10.41. Found: C, 77.01;
H, 1041

Methyl (E)-5-methyl-2-phenylethynyl-2-hexenoate, (E)-19b. The crude reaction product, which was obtained
from the Pd-catalyzed cross-coupling reaction between (Z)-17¢ and phenylethynylzinc chloride, 18a, was
purified by MPLC on silica gel, using a mixture of hexane and Et20 (95 : 5) as eluent, to give in 71 % yield 98
% chemically pure (E)-19b as a colourless liquid. MS, m/z (%): 242 (40), 227 (64), 199 (19), 171 (21), 141

—
3]
\o

o~
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(VSRR

(53), ), 115 (51), 105 (100), 91 (24). 'H NMR (200 MHz, CDCl3): § 7.58-7.20 (6H, br m, H-3 and
CeHs), 3.83 (3H, s, OCH3), 2.43 (2H, 1, ] = 7.2 Hz, H-4), 1.88 (1H, sept, ] = 6.6 Hz, H-5), 0.9 ppm (6H,4d, I =

Methyl (E)-3-(3,5-dichlorophenyl)-2-[(p-tolyl)ethynyl]propenoate, (E)-19¢. The crude reaction product, which
was obtained from the Pd-catalyzed reaction between (Z)-17d and (p-tolyl)ethynylzinc chloride,18¢, was
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nnrifiad hy MDI (T Aan cilica agal nging a mivinra af tnluans and havana RN 9N ac alitant ta agiue in QA 0L vialAd
PULLLIVU Uy VI LA ULl Sliiva g, usil A HHAMULILY UL LULUVIIV dlid HVAALIV \OV L4V ) Ao ViUVl W Elv\« 111 O /U 1CIg

irnn (LN 10A ac o nnalasiela .,...,11... = 1N 19 O RMAQ i (LN WAL LTON WAA AN TIE 10N 217
puic (L )-17C ad a CO10UTIESS Cf yslalinl ne auuu l'V P 12U-1es U VIO, T2 (70 ). D90 (1Y), 044 \OU), 510 (1U}, J21)5
(19), 215 (58), 213 (52), 207 (18), 119 (100), 91 (21). 'H NMR (200 MHz, CDCl3): § 8.00 (2H, d, J = 1.7 Hz,

H-2 and H-6"), 7.75 (1H, 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 CoH4Cl207:
C, 66.10; H, 4.09. Found: C, 66.17; H, 3.87.

Methyl (E)-3-(3.5-dichlorophenyl)-2-(1-pentynyl)propencate, (E)-19d. The crude reaction product, which was
obtained from the Pd-catalyzed reaction between (Z)-17d and 1-pentynylzinc chloride, 18d, was purified by

= EEFS

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

5, OCH3), 2.52 2H, 1, J =7.3 Hz, H-3"), 1.72 (2H, sext, ] = 7.3 Hz, H -4’
nal. Calc for C1sH 14Cl20s: C, 60.62; H, 4.75. Found: C, 61.00; H, 5.

B>v

Ethyl (E)-3-phenyl-2-(phenylethynyl)propenoate, (E)-19e. The crude reaction product, which was obtained
from the Pd-catalyzed reaction between (£)-17e and phenylethynylzinc chloride, 18a, 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
ale ye-l ow oil. MS, m/z (%): 276 (17), 247 (19), 203 (26), 202 (49), 201

e 19 pale yellow oil. M 203 (26), 19), 201

CDCl3): & 8.15-8.05 (2H, br m, Harom), 7.94 (1H, s, H-3), 7.65-

2

(6H br m, Harom), 4.3

~ AT

=7.2 Hz, OCHa2), 1.40 ppm 3H, t, 1 =7.2
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properties of this compound were in agreement with those previously reported.?

Synthesis of methyl (E)-2-(1-alkynyl)-3-(heterojarylpropenoates, (E)-19 by Pd(0)- and Cu(l)-mediated reaction
of 1-alkynes, 13, with methyl (Z)-2-bromo-3-(hetero)arylpropenoates, (Z)-17. In this procedure, which was
used to prepare compounds (£)-19g and (E)-19h, Et3N (2.50 ml, 18.0 mmol), a deareated solution of a methyl
(Z)-2-bromo-3-(hetero)arylpropenoate, (Z)-17, (8.99 mmol) in benzene (10 ml) and a deareated solution of a 1-

(10.79 mmol) in benzene (3 ml) were sequentially added to & Y Pd(PPh
ViV A2 Y ©ooLULHLIALY aldidd 10 4 Susplilsioit o Farris

.
J
¢
¢

amalaaio AL ‘s PP TR T T R BN cnsiinearad amiiamiia
% I ¢ I

the reaction mixture, which was treated with a saturated aqueous
NH4Cl solution and extracted with ErpO, showed that compound (£)-17 had been consumed. In particular, the
reaction conditions used for the preparation of (£)-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 repcatedly with EtpO. The collected organic extracts were washed with water,
dried, filtered over Celite and concentrated in vacuo. 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 concentrated in vacuo and the residue was purified by MPLC on silica gel.

| W P N S R /4 Y PSRRI RPN EUES NIP2Y SRR LSNP /t‘\ 10,
meinyi (cj-o- ‘Q‘JlllU’Up"lfIl}l ~L-(T-OCIYRYDPIOpenoute, {(L)j-47g,
and 1

artimm memdiae ‘hich was
CLIOL plUUULl, wWniCn wds

1 n » ay

obtained by Pd(0)- and Cu(i)-cataiyzed reaction between (Z)-1 -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 , m/z (%): 288 (65), 217 (42), 185 (26), 159 (87), 157 (48), 133
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(532) 100 (5% 59 (100 55 (Q4) 1H NMR 200 MHz D12 8§ R 04 (PH A4 — R 7 and § H> Haraom)
NS jy AT N\ T Jy 27 \AVUVJy v \FT) AE ANIVAAN \&UVU LVILAL, Ekreiy ). U OLUT (4ix, U, v (¢ GLIAE /.7 A3dL, TRALUIIEJ,
T7TON /1LY - LI 2\ 7T NQ /LT T _ Q r I¥ne~aaaY 2 Q& /2LY NOLIN D&Y ML « 1 & 11—~ LI 2\ 1 77N 1 N
/.0U (111, §, I1-3), /.Uo (<0, {, J = &./ 1z, aroinj, 5.6 (o, §, ulLn3), £2.52 (2, t,J = 0.6 0z, n-5 ), 1.7U-1.20

Methyl (E)-2-(1-hexynyl)-3-(2-thienyl)propenoate, (E}-19h. The crude reaction product, which was obtained
from the Pd(0)- and Cu(l)-catalyzed reaction between (Z)-17g and l-hexyne, 13¢, 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 (10), 248 (62), 205 (71), 187 (20)7 161 (34), 147 (100), 145

(42), 134(29), 115 (28). 'H NMR (200 MHz, CDCl3): 8 8.08 (1H, s, H-3), 7.53-7.47 (2H, br m, H-5" and H-
3 sseudo 1, J =4.1 Hz, H-4"), 3 13).2.59 2H th?’ﬁHz,H—B”,‘ﬁ?’(Zﬂ quint, J

N T IO sepidat T=A41 N2 Q& M o OCL, cQ ¢
), .11 (1K1, pSeiao \, y = 4.1 rZ, r1-4 ), 5.65 (Jn, §, uiLni), £.07 {
N T Ty

AY
)
.1 Hz, H-6"). Anal. Caic for

(E)-3-(3.4-Methylenedioxy)phenyl-2-(phenylethynyl)propenocic acid, (E)-11f. A 3N aqueous KOH solution
(17.7 ml, 53.2 mmol) was added to a solution of (£)-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 vacuo. The

residue was diluted with water and extracted rcnca[cdly with CH7Cly. The resulting aqueous suspension was

cooled to 0 °C, acidified with 10 % HqQ( 4 and extracted reneatedlv with a mixture of THF and EnO (1 - 1)
vvvvvv aciaified with 10 % Q4 and extracted repeatedly with a mixture of 1hHr and 2O (10 1.

~rallantad Avanmis avte snchad writh vatar Ariad and Annnar %2 | Fned Y 11071 &N
The collecied organic extracis were washed with water, dried and concentrated in vacuo (o afford (£)-111 (1.50

g, 96 % yield). lH NMR (200 MHz, DMSO-d®): § 7.91 (1H, br s, H-3 or H-2"), 7.88 (1H, s, H-2” or H-3), 7.64-

7.39 (6H, br m, Harom), 7.08 (1H, d, J = 8.2 Hz, H-5" or H-6"), 6.13 ppm (2H, s, O-CH>-O). This crude
compound, which was a solid, was used in the next step without any further purification and characterization.

(E}-2-(1-Octynyl)-2-heptenoic acid, (E)-11a. This compound was prepared in 99 % yield from (£)-19a by a
procedure similar to that employed to prepare (£)-11f. Compound (E)-11a, which was a colourless oil, had Iy
NMR (200 MHz, CDCl3): § 10.9 (1H, br s, COOH), 7.25 (1H, 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’dndH7) 1.05- 080ppm(6H,b1 m, H-7 and H-

wer purification an
(E)-5-Methyl-2-phenyiethynyipropenoic acid, (E)-11b. This compound was prepared in quantitative yield from
(E)-19b by a procedure very similar to that employed for the synthesis of (E)-11f. Compound (£)-11b had 'H
NMR (200 MHz, CDCl3): § 10.40 (1H, br s, COOH), 7.60-7.05 (6H, br m, H-3 and CgHs), 2.45 2H,t,1=7.2
Hz, H-4), 1.92 (1H, br m, H-5), 1.00 ppm (6H, d, J = 6.6 Hz, C(CH3)7). This crude compound, which was a
solid, was used in the next step without any further purification and characterization.

-
’rB <

and the resulting mixture was stirred for 18 h at room temperature. It was then concentrated in vacuo and the
solid residue so obtained was diluted with water, filtered and washed repeatediy with Etp0. The aqueous filtrate
was extracted repeatedly with EtoO and the resulting aqueous phase was added to the washed solid. The

resulting mixture was cooled to 0 °C, acidified with diluted H»SO4 and extracted repeatedly with CH2Cl2 and
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th th h. Th - i - . 3 Ay i .
then with benzene. The collected organic extracts were washed with water, dried and concentrated in vacuo 1o
L0 e _ 1 n nn or <l Tranaa ALY NAMCN A6 £ Q 1Q
1014, L/1IYIO\U-U™ ). 0 0.10

afford compound (E)-11c (2.40 g, 100 % yield) as a colourless solid. "HNMR (200 M
(2H, br s, H-2" and H-6"), 7.78 (1H, s, H-3), 7.66 (1H, br s, H-4"), 7.43 (2H, br s, H
s, H-3" and H-5"), 2.36 ppm (3H, s, CH3). This crude compound was used in the next step without any further

purification and characterization.

(E)-3-(3,5-Dichlorophenyl)-2-(1-pentynyl)propencic acid, (E)-11d. This compound was obtained in
quantitative yield from (E)-19d by a procedure very similar to that employed to prepare (£)-11f. Compound
(E)-11d had: m.p. 130 °C, ITH NMR (200 MHz, CDClz): § 10.8 (1H, br s, COOH), 7.96 (2H, br s, H-2” and H-

ALY 1114 (111, Ul

67), 7.77 (1H, s, H—4”), 7.39 (1H, 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,
; . f

T_795 U
, L, o=/

“n

£\ Th e : o ;
.2 Hz, H-5"). This crude cor 1pouUna was used in the

=

nd characterization.

(E)-3-Phenyl-2(phenylethynyl)propenoic acid, (E}-11e. This compound was obtained in 99 % yield from (E)-
19¢ by a procedure very simlar to that employed to prepare (£)-11f. Compound (E)-11e had: m.p. 168-170 °C.

IH NMR (200 MHz, CDCI3): 5 11.10 (1H, br s, COOH), 8.18-8.08 (2H, br m, Harom), 8.05 (1H, 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-Fluorophenyl)-2-(1-octynyl )propenoic acid, (E)-11g. This compound was obtained in 98 % yield from
(E)-19g by a procedure very similar to that employed to prepare (£)-11f. Compound (E)-11g had "H NMR (200

ST I O N ST foTY n s ¥

MHz, CDCl3): 8 10.90 (1H, br s, COOH), 8.09 (2H, dd J = 8.6 ¢ 5.8 Hz, Harom), 7.89 (iH, s, H-3), 7.10 (2H, ¢,
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
(BH, t, J = 6.2 Hz, H-8"). This crude compound was used in the next step without any further purification and
characterization.

(E)-2-(1-Hexynyl}-3-(2-thienyl)propenoic acid, (E)-11h.. This compound was obtained in 95 % yield from (E)-

H, s, H-3), 7.57-7.45 (2H,

=7.3 Hz, H-5"),0.97 ppm (3H, t,J

step without any further puritication and characterization.

e
2
"

s

-6’). This crude compound was used in the next

Synthesis of (E)-3-[1-(aryl)methylidene]-S-arylialkyl-3H-furan-2-ones, (E}-9, by cyclization of the
corresponding (E)-2-(1-alkynyl)-3-arylialkylpropenoic acids, (E)-11, in the presence of Ei3N and
PdCI>(CH3CN)3 or PdCI2(PhCN); (Procedure A). In a typical preparation, EBN (0.11 ml, 0.78 mmol) was
i Cl2(CH3CN)2 (0.067 g, 0.259 mmol) and an (E)-2-(1-alkynyl)-3-

I-—ll

nl), which was stirred at room temperature. The

1
i H i11ix gy VvaialLid WY tured at room L3 ¢ 1]

resulting mixture was refluxed for the period of time reported in the Table. It was then cooled to room
temperature and concentrated in vacuo. The residue was diluted with a large excess of CHzCly and filtered over
Celite. The filtrate was concentrated in vacuo and the residue was purified by MPLC on silica gel. This

procedure was employed for the synthesis of compounds (E)-9e, (£)-9g and (£)-9h starting from crude (E)-11f,
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rom crude (£
(Entry 1, Tdble) Fmally, the synthesis of compound (E)-9¢ was carried out by cyclization of
DMEF solution at 90 °C, in the presence of Et3N and PdCip(CH3CN)2 (Entry 4, Table). In fact, (
insoluble in THF.

crude (£)-11
£)-

Synthesis of (E)-3-[1-(aryl)methylidene]-3-arylialkyl-3H-furan-2-ones, (E)-9, by cyclization of the

coresponding (E)-2-(1-alkynyl)-3-aryl-propencic acids, (E)-11, in the presence of wrans-di(u-acetato )bis{(di-o-

tolylphosphinojbenzyl]dipalladium (Procedure B). In a typical preparation, trans-di(u-acetato)bis|(di-o-

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

alkynyl)-3-aryl/alkylpropenoic acid, (E)-11, (3.1! mmel) in toluene (30 ml) and the resulting mixuure for
PPy P IR e Lace thhn sl Al £ e2eany mvrtmed 1 tha ok e T st vem ' A tine tha Anmracrearad
Icriux U uuum al ol 101 tne perioa 01 LHHC ICPOLNICU 11 UITC 1d0IC. 1 HE 1TACUOUIH ITHALULIT Wad ulc COLILTHdica i

vacuo and the residue was purified by MPLC on silica gel. This procedure was employed to prepare
compounds (£)-9d and (£)-9e from (E)-11d and (E)-11e, respectively (Entries 5 and 6, Table).

Synthesis of (E)-3-[{-(aryl)methylidene]- and (E)-3-(1-alkylidene)-3-arylialkyl-2(3H )-furanones, (E)-9, by
cyclization of the corresponding (E)-2-(1-alkynyl)-3-arylialkylpropenoic acids, (E)-11, in the presence of
AgNQ3 (Procedure C). In a typical preparation, AHNO"{ (0.14 g, 0.81 mmol) was added to a deareated solution
of an (£)-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 in vacuo and the residue was purified by MPLC on silica gel. This procedure was employed to
prepare compounds (£)-9a, (£)-9b and (E)-9h from the corresponding carboxylic acids (£)-ila, (£)-1ib and
(E)-11h, respectively (Entries 2, 3 and 10, Table).

(E)-3-[1-(3.4-Methylenedioxyphenyljmethylidene]-5-phenyl-3H-furan-2-one, (E)-9f. The crude reaction
product, which was obtained by cyclization of (E)-11f in the presence of Et3N and PdCIl2(PhCN)z (Entry 1,
Table), was purified by MPLC on silica gel, using a mixture of CH2Cl» and hexane (60 : 40) as eluent, to give
in 64 % yield chemically and stereoisomerically pure (£)-9f as a yellow crystalline solid. M.p. 159-161 °C. MS,

miz (%) 293 (8), 292 (42), 246 (6), 159 (14), 105 (100), 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'l. 'H NMR (600 MHz,
CDCl3): 8 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
(1H, ddd, J = 0.7, 0.6 and 1.0 Hz, H-0), 7.16 (1H, 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 (1H, d, ] = 8.5 Hz, H-5"), 6.89 (1H, 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-3), 149.71 (C-4"), 148.55 (C-3"), 135.35 (C-w), 130.34 (C-4™),
129.62 (C-3), 128.89 (C-3" and C-57), 128.24 (C-1"), 126.75 (C-6"), 125.26 (C-2” and C-67), 123.44 (C-1"),
109.06 (C-5"), 108.77 (C-27), 101.83 (C-7°), 99.73 ppm (C-4). Anal. Calc for C1gH204: 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

mbination of NMR technigues which included H-1H-COSY, 2D-NOQESY and 1H-13C heteronuclear shift

ompinanon of INIvVik ACLALRNGUCS WILLID ALY

correlation.
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5 6" « \) 3"
(E)-9f .

(E)-S-Hexyl-3-(1-pentylidene )-3H-furan-2-one, (E)-9a. The crude reaction product, which was obtained by
rurlizatinn Af rvida (EN_1T1a in tha nrocanss nf AaNMN, (Bateo 22 Taohla)l wao Ffiad e MADI £ A ocilina anld
\.«_y\.lxauuuu WL vl Uy \‘-J} ALA 1ii w1 Pl\;b\/ll\a\; AVD 3 né;‘\.}_j \uuu)’ L-’ IaUl\t}, vwad llullll\/u U)’ AVIL LU\ WL Diliva '\/1,
PR S ) P -1 INTT Via 74 : NN & 7 ot >N Fazd .1 1 'A_4| 2 ]
using d )&lulC Ul nexane ana \,n’)k,lz (/U . 3y) as cruent, 1o give 1l 3Y 7 ylcid Cnceruicdity dind

steroisomerically pure (£)-9a as a colouriess liquid. MS, m/z (%): 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-1. IH NMR
(200 MHz, CDCl3): 8 6.57 (1H,t,J = 7.8 Hz, H-a), 5.79 (1H, s, H-4), 2.39 2H, t, J = 7.3 Hz, H-1"), 2.29 (2H,
t,J =7.8 Hz, H-2’), 1.70-1.15 (12H, br m, H-2”, H-3”, H-4”, H-5”, H-3" and H-4"), 0.92 ppm (6H, br t, J = 7.0
Hz, H-6” and H-5"). Anal.Calc for Cy5H2404: C, 76.23; H, 10.23. Found: C, 76.11; H, 9.93.

/p\_?_/?_Mﬂfl)\!’_’ hllf\YIl/lI)lll) ( II’IHI‘I\YI-?”‘*III'/Il)_?_ yzi /p‘_o" T‘ﬁﬂ f‘!llt"p Tﬂ’)("’;f\lﬂ NN, 1t 11/ ﬁ;f‘]‘\ wac
(E)-3-{3-Methyl-1-bi 1 )-S-phenyl-3H-furan-2-one, (E}-9b. The crude reaction product, which was
Alebntanmd Lo mmrnlimasi nn ~E - A Y TTH D slan cvcennaman A8 A CRTMNL Tl vdeee: 2 TalalaN e mmsssesdi -l Lo, RADY MY L
uLLdlIICU U_y LybHLaLI i1 OF CTuae \L)~RED 11 LIC pITHCTICC Ul ngnuj u:uu_y J, 1avic), del L ILICU U)‘ IVIEFLAC Ul
silica gel, using a mixture of hexane and CH»Cly (70 : 30) as eluent, to give in 38 % yield chemicaily 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 (100), 77 (78). IR (KBr): 1776, 1762, 1646, 1134, 1043, 988, 904, 879,
824, 761, 738, 687 cm-1. lH NMR (200 MHz, CDCl3): § 7.75-7.62 (2H, m, Harom), 7.48-7.35 (3H, m, Harom),
6.78 (1H, t, J = 8.1 Hz, H-a), 6.47 (1H, s, H-4), 2.32 (2H, , J = 8.1 Hz, H-2"), 1.89 (1H, m, H-3"), 0.99 ppm
(6H, d, J = 6.7 Hz, C{CH3)»). Anal. Calc for C15sH507: C, 78.92; H, 7.06. Found: C, 78.94; H, 7.11.

L1 ~ sy

ry 2 71 & N~ - & _/a Fravicesn D nean
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which was obtained by cyclization of {£)-1ic in DMF soluiion, in the presence of Ei3N and PdCix(CH3CNj2
(Entry 4, Table), was purified by MPLC on silica gel, using a mixture of hexane and CH2Cly (65 : 35) as
eluent, to give in 9 % yield pure (£)-9c¢ as a yellow crystalline solid. M.p. 158 °C. MS, m/z (%): 332 (10), 330
(14), 119 (100), 91 (38), 65 (8). IR (KBr): 1790, 1591, 1175, 926, 848, 815, 801, 740, 670 cm-!, 1H NMR (200
MHz, CDCl3): 5 7.69 (2H, d, J = 8.1 Hz, H-2" and H-6"), 7.46 (2H, br s, Harom), 7.38 (1H, s, H-a), 7.31-7.20
(3H, m, Harom), 6.79 (1H, s, H-4), 2.42 ppm (3H, s, CH3). Anal. Calc for C1gH2Cl>05: C, 65.28: H, 3.65.
Found: C, 65.35; H, 3.81,

i Ve

4 A

(Ej}-3-{i-(3,5-Dichiorophenyljmethylidenef-5-propyl-3H-furan-2-one, (£j-9d. The crude reacuon produci,
which was obtained by cyclization of crude (E)-11d in the presence of trans-di(p-acetato)bis{(di-o-
tolylphosphino)benzyljdipalladium (Entry 5, Table)], was purified by MPLC on silica gel, using a mixture of
hexane and CH,Cl; (80 : 20) as eluent, to give in 67 % yield pure (E)-9d as a yellow crystalline solid. M.p. 57-
58 °C. MS, m/z (%): 284 (5), 185 (3), 183 (3), 148 (3), 71 (100), 43 (48). IR (KBr): 1773, 1628, 1613, 1030,
925, 847,671 cml. IH NMR (200 MHz, CDCl3): 6 7.38 (3H, br s, Harom), 7.11 (1H, s, H-a), 6.20 (1H, s, H-
4H, 249 2H, 1, 1 =7 3 Hz H-1"), 170 2H, sext, I =7, 3 Hz, H-2™), 1.01 ppm (3H, t, ] = 7.3 Hz, H-3"). Anal.

L1 PO P 235 2 - -+t 124 %
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-H 427 Found: C.5027-H. 422
0,5.27.00UNG L, 2Y. .47 1, 5.44.

’

(E)-5-Phenyl-3-[I1-(phenyl)methylidene]-3H-furan-2-one, (E)-9e. The crude reaction product, which was
obtained by cyclization of crude (E)-Ile in the presence of PAClo(CH3CN)> and EtsN (Entry 8, Table), was
purified by MPLC on silica gel, using a mixture of hexane and CH»Cly (60 : 40) as eluent, to give in 42 % yield
stereoisomerically pure (£)-Ye as a yellow crystalline solid. M.p. 149 °C. Lit. m.p. 149-150 °C;28 155 °C.2¢9
MS, m/z (%): 248 (58), 207 (3), 115 (7), 105 (100), 77 (59), 63 (11), 51 (42). IR (KBr): 1765, 1625, 1451,
1278, 1004, 996, 883, 752, 680 cm-1. 1H NMR (200 MHz, CDCl3): § 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 (1H, br s, H-4). Anal. Calc for C;H202:

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
hy rurlizatinn nf (F_.11a in tha nrecanrae nf trancdifii_aratatnhiclidi_A talulnbhaoenhinallhanryulldinmalladinm
Oy CyciiZation O (L -1aC 11 UIC PICSCHCC O 174 A5-Gl{H-aCeidlo jois Gl-0-t01Y1pnospaine jotny jaipanagium

(E)-3-[1-(4-Fluorophenyl)methylidene]-5-hexyl-3H-furan-2-one, (E)-9g. The crude reaction product, which
was obtained by cyclization of crude (£)-11g in the presence of EtzN and PdClp(CH3CN)2 (Enury 7, Table),
was purified by MPLC on silica gel, using a mixture of hexane and CH2Cly (60 : 40) as eluent, to give in 79 %
yield pure (£)-9g as a yellow crystalline solid. M.p. 62 °C. MS, my/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 cmL. IH
NMR (600 MHz, CDCl3): 6 7.54 (2H, ddd, Jg.y = 8.7 and 2.9 Hz, Jy.r = 5.4 Hz, H-2'and H-6"), 7.25 (1H, br s,

it SIS T Rl == fi=i1 s=2

H-o), 7.12 (2H, ddd, Jy.4 = 8.7 and 2.9 Hz, Jy 8.7[—12,H-3’andH‘3 6.21 (1H,dt,J = 1.1 and 1.1 Hz, H-

AN D AQ ) At T - T 2 naen A 1T 1T e LT 1Y 1 £A (ML st T — 7T 2 TIe LI 7PN 1 2Q (ML cixies = 72 U—. | &g
4), 240 (4o, Gt 0 = 7.0 and 1.1 0z, -1 ), 1.04 (£, quint, 5 = /.0 niZ, -2 ), 1.50 (2H, quuu, = /.5 niZ, 11-
RN Am AT TY A 1YY mIN N NN /Yy T ~ e orr Ty s 134 -r. a3 «r PG
37), 1.54 (41'1, m, -4 and H-5 ), uY¥u ppim (5H, t,J = /.53 HZ, H-0 ). *YUC NMK (IDU MHz, CDC 13) 5 169.83

(C-2), 162.58 (C-5), 163.43 (C-4"), 132.58 (C-a), 131.83 (C-2’ and C-6"), 131.44 (C-1"), 125.02 (C-3), 116.26
(C-3’ and C-5"), 100.70 (C-4), 31.45 (C-47), 28.95 (C-17), 28.77 (C-3"), 25.89 (C-27), 22.48 (C-5"), 14.02 ppm
(C-6"). Anal. Calc for C17H9FO3: 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 1D-NOE selective experiment and 'H-13C
heteronuclear multiple-quantum coherence (HMQC) experiments.

70
4' 5' 1\"'.’\—-—\ rn
3" \ o}
(E)-9g 5"

(E)-5-Butyl-3-[1-(2-thienyl)methylidene]-3H-furan-2-one, (E)-9h. The crude reaction product, which was
obtained by cyclization of crude (E)-11h in the presence of AgNO3 (Entry 10, Table), was purified by MPLC
on silica gel, using a mixture of hexane and CHCly (60 : 40) as eluent, to give in 72 % yield pure (£)-9h as a

ellow crystalline solid. M.p. 60-62 °C. MS, m/z (%): 235 (18), 234 (100), 150 (32), 121 (44), 85 (79), 57 (41),

Vi

s = = =r

41 (34). IR (KBr): 1760, 1625, 1605, 1248, 1150, 1025, 928, 852, 714 cm-!. TH NMR (600 MHz, CDCl3): §
7.53 (1H,ddd, J =4.9, 1.1 and 1.1 Hz, H-5"), 7.43 (1H, ddd, 1.1, 1.1 and 1.1 Hz, H-&), 7.35 (1H, ddd, J = 3.6,
14 4 _ .31 1 YT¥_ LY 3%\ M 1M FYET 34 o WV TI A\ f\/1l..l..l 1 1 aead 1 1 LI EY AN O AQ /DOLY
L.trana l.1 Nz, n-» ), /.1£ \IU,(l(l,J =4, /dIlUJ ODL,I’I < ), OL (Ir, AL, J=1.1d404 1.1 1z, 1r-<4), £.47 (11,
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22.22 (C-37), 13.73 ppm (C-47). Anal. Calc for C13H1403S: 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 IH-13C
heteronuclear multiple-quantum coherence experiments.

Alternatively, this same compound was prepared in 39 % yield by cylization of crude (£)-11h in the presence
of Et3N and PdCIp(CH3CN)2 (Entry 9, Table).

(Z)-2-Bromo-3-(4-chlorophenyl)propenoic acid, (Z)-12h. This compound was prepared in 97 % yield from (Z)-
17h by a procedure similar to that used for the synthesis of compound (E)-11a, in which. however, the base

used was IN LiOH. Compound (Z)-12h had: m.p. 200-201 °C. MS, m/z (%): 263 (14), 262 (81), 261 (16), 185
108 (51), 107 (22). 1H NMR (200 MHz, DMSO-d6): 5 8.24 (1H, s, H-3)

{ 152 (1)

N t (Z1), 10 , 132 (11), 1U I (L) U0 Mz, Diviau-gY): o , 1-3),
702 /M A T QS H; H.2 and H.&EY TRAArnm (MH A T Q& > 117 and H_A’Y Thic cride camnannd
.75 \&i1, G, 9 = 6.3 1Z, 01-3 and n-3 ), /.30 ppimn (£, G, v = 6.0 niZ, ri-4 aind H-6"). This crude Compouna

M 1. - = 1 Y g I

Palladium-catalyzed cross couplin-cyclization of (Z)-12h with phenylacetylene, 13a: synthesis of (E)-3-[1-(4-
chlorophenyl)methylidene |-5-phenyl-3H-furan-2-one, (E)-9i. Deareated CH3CN (150 ml), phenylacetylene,
13a, (2.34 g, 22.94 mmol) and Et3N (8.5 ml, 51.2 mmol) were sequentially added to a mixture of crude (£)-12h
(3.04 g, 11.6 mmol), Cul (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 °C. It was the concentrated in vacuo and the
residue was diluted with CH2Cly and washed with diluted HpSO4 and water. The organic extact was filtered

sl ¥ =3 ta (2] falsl 0er 0 Bf‘ rEl VAN o2 rech 1 1713 2 IR i} -~
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4U) dllu ULCTCU over elit 1O HHraic wdd COIMcc udLCU lll VACIHO auu blUUC was puriiicd Dy MiriA. on

~ oy

silica gel, using a mixture of hexane and CHyClip (60 : 40) as eluent, to give pure (£)-9i (0.74 g, 22.5 % yieid)
as a yellow crystalline solid. M.p. 230 °C (from benzene and hexane). MS, m/z (%): 284 (7), 282 (20), 114 (3),
106 (7), 105 (100), 77 (36). IR (KBr): 1759, 1623, 1490, 1091, 1004, 818, 739, 681, 542 ¢cm-!. IH NMR (200
MHz, CDCl3): § 7.82-7.70 (2H, br m, Harom), 7.62-7.40 (7H, br m, Harom), 7.37 (1H, s, H-a), 6.88 ppm (1H,
s, H-4). Anal. Calc for C7H|ClO2: C, 72.22; H, 4.04. Found: C, 72.35; H, 4.04.

cross coupling-cyclization of (Z)-12h with 1-hexyne, 13c: synthesis of (E)-5-butyl-3-{1-(4-

chlorophenv!} idonsl - 2H _furan .07 ) V-3 1-(d-rhloronhenv]ymethvl]-S-(1-

F RET yi prislani ysalaencjoori~geir G ORE, (&j=7y, Ghle (&)L )24y LRI RER Y jIIEIN yof-0 (4

propylidene)-5SH-furan-2-one, (E)/(Z)-20. 1-Hexyne, 13c, (3.43 ml, 29.9 mmol) and Et3N (11.1 ml, 79.7 mmol)
™ 1 /TN 71 18 ’\ nnrs

were sequentiaily added to a deareated mixture of crude (Z)-12h (5.20 g, 19.9 mmol), Pd(PPh3)4 (1.15 g, 0
mmol) and Cul (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 vacuo and the residue was diluted with CH2Cl, and
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washed repeatedly with diluted HpSO4 and water. The collected organic extracts were filtered over Celite, dried
and concentrated in vara The recidne wac dilnted with a laroes af a mivtnre af hevane and CHA(A (A
IV WVLIV VIR ULV LE £71 VL LTOY . KM IOV VWY ALY VIR UNALL VWY UL A L G 11N VL iAWY arig \_'llL\./IL \U\l

40) and filtered over Celite. The filtrate was concentrated in vacuo and the residue was purified by MPLC on
silica gel, using a mixture of hexane and CH>Cly (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
CH2Cl3 (60 : 40) and filtered. Concentration of the filtrate yielded chemically and sterecisomerically 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 (11), 85 (100), 57 (34). IR (KBr): 1765, 1632, 1276, 1172, 1010, 931, 820, 670, 517 cm-L. IH
NMR (200 MHz, CDCl3): 8 7.48 (2H, d, J = 8.7 Hz, H-3” and H-57), 7.39 (2H, d, J = 8.7 Hz, H-2"" and H-6"),
7.23 (1H, s, H-a), 6.21 (1H, s, H-4), 2.49 (2H, t,J = 7.4 Hz, H-1"), 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 C;sH5ClO3: C, 67.57; H, 5.75.
Found: C. 67.61: H. 5.85
counaG: «, G7.491, 11, 3.60
Concentration of the intermediate chromatographic fractions yielded a solid residue, which was purified by

MPLC on silica gel using a mixture of hexane and Etp0 (90 : 10) as eluent. Concentration of the first eluted
fractions gave stereoisomerically pure (£)-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. 1H NMR (600 MHz, CDCIl3): § 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 (1H, m, H-4), 5.152 (1H, 1, ] = 8.0 Hz, H-6), 3.620 (2H, s,
H-10), 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, CDCl3): 8 174.14 (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-10), 28.16 (C-7), 22.27 (C-8),
1‘) «7 DDIM 7V O\ A 1T £77 87, 11 &8 Teassonde Y £7 810 LT & QN MAn £

a7

15.0/7 ppm (L-7). A \nal. Calc for \451115L1u2 \/, 0/.0/75 1, 3./3. rOouna: L, 0/.51; 1, 3.7u. LOi icentration of
the iast eiuted fractions of this second chromatography gave a mixture of (Z)- and (£)-20 (0.13 g, 2.5 % yield)
ina ca. 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 (£)-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 CHCla (60 : 40) as eluent, to
give a new mixture of (Z)- and (E£)-20 in a ca. 10 : 90 ratio, respectively. Compound (£)-20 had MS, n/z (%):
264 (15) 262 (47), 233 (17), 220 (22), 185 (55), 171 (23), 141 (15), 115 (48), 55 (100) I'H NMR (600 MHz,

"1z d Do (1
56511 t T=R8S5Hz H-6)21612H. 0. 1]=75Hz H-7). 148 (2 sext. J=7.5Hz H-8). 091 pom (3H. 1. ]
2,00 (1R, L0 =380 122, IN-0), 02n, q,s=1/.o0z, 01-7), 1,48 (21, sext, J DRz, R-8), LY ppmen, LY
780, O 130 NMR (180 MU ONTLY 8§ 17001 (0.9 1A4Q 64 (C°8Y 128 &7 (.2 122 47 (0O_14)
= /.0 i, 1i-¥) C INIVIRN (1JU IVIFZ, UL )0 0 17U UL (U-2), 140.04 (L-3), 133.04 (L-2), 153.47 (L-14),
132.30 (C-4), 130.25 (C-13 and C-15), 1 3 (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 1D-NOE experiments allowed to confirm the
stereochemistry of compounds (Z)- and (£)-20. In particular, by selective excitation of the resonance at 5.152
ppm attributed to H-6 in (Z2)-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 (£)-20.

It must also be mentioned that when compound (£)-9j was reacted with 3 equiv of Et3N in CH3CN under reflux
for 5 h, a mixture of (E)- and (£)-20 in a ca. 60 : 40 ratio, respectively, was obtained.
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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 CHCI3. The collected organic extracts were washed with water,
dried, filtered and concentrated in vacuo. The residue was diluted with a large excess of a mixture of hexane
and CH»Cly (65 : 35) and filtered over Celite.The filtrate was concentrated in vacuo and the residue was
purified by MPLC on silica gel using a mixture of hexane and CH,Cly (65 : 35) as eluent. GLC/MS analysis of
the chromatographic fractions which contained the reaction product showed that it was contaminated by PPh3
and PPh3O. Thus, these fractions were collected and concentrated in vacuo. The residue was puritied by MPLC

\Iia‘rl\ ac a vellaw ail MS y ( Y 260 (A0Y 285Q (271Y KK (74 225 (100 1R0Q (R5Y 04
\/Au} ao a Ww1IVUYY U1l L'LLJ, 7/ V) l\ U}, LUV \‘7/], S S \I_L}, . WA S } \I'T/, e i T \LUUI’ 107 \\J.I,, Van &
fENY & 7€y TD /€011_\. 1777 1TELO 1 AN TNEQ TOE LT TIVY nan-] 11T RIAAD 7NN RMMET~ O\ 7T &0y 7211
DY), 00 \O 7). LIN (111H). 1700, 100, 1434, 1VJ0, /70, JU/, UL CIIL *. *11T INIVIIK {DUU VI Z, ULIJUID3). 0 7.2V (16,
, H-18, H-19 and H-20), 7.25 (2H, m , H-17 and H-21), 7.16 (iH, dd, j = 1.8 and 1.8 Hz, H-13), 6.98 (2H, d,J
= 1.8 Hz, H-11 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, CDCl3): § 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-10), 118.16 (C-6), 29.18 (C-9), 19.99 (C-7),
13.54 ppm (C-8). Anal. Calc for CooH|5Cl207: 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 'H-1H NOESY and

IH_13C heteronuclear lono
o L agerenuc:gar .engran
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