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Abstract: A series of ferrocenylmono- and dichalcone denxegtihave been synthesized under solvent-free
conditions via Claisen-Schmidt condensations beatveegl/ferrocenyl ketones and aryl/ferrocenyl algigs by
just grinding in an agate mortar. All the reactiamscur in a short time with excellent yields (>85%f)
steroselectivérans-conformation in the chalcones. The structuredigha compounds have been characterized
by FT-IR,*H NMR, **C NMR and EI-MS and elemental analyses.
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I ntroduction

The chalcone derivatives are of considerable istefgecause of their useful biological and
pharmacological properties such as antibacterigntifungal, antiviraf, antiparasiti§ anticancet
antileishmanidland antitubercular activitiéas well as optical propertfes

A classical synthesis of these compounds involtesctoss aldol condensation between aromatic adfdshy
with methyl ketones. This reaction is catalyzedaoyds and bases under homogenous conditions iergolv
system& Though quite a large number of homogeneous catalgactions have been reported so far, serious
disadvantages are, among others, separation ofarggroduct and of side reactions like decompmsiti
catalyst recovery and waste disposal problems.

In recent years, considerable attention has beehtpaeactions done under solvent-free conditidns
" They have many advantages such as high efficiandyselectivity, easy separation and purificatalong
with mild reaction conditions and benefit indusay well as the environméht*2 The magnitude of these
advantages is clear when considering the trenceteldp green and sustainable chemical processe=eiGr
Chemistry™® with lesser generation of toxic and nontoxic wa#tethis respect, many articles about solvent-
free reactions with grinding have been reportedhsas the Grignard reactidnReformatsky reactiors Aldol
condensatioft, Dieckmann condensatittphenol coupling reactidf) reduction reactiofl and others.
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On the other hand, since the discovery of ferrodsnKealy and Paulséhin 1951, an important area
of organometallic chemistry is focused on ferrocamal its derivatives. It is now well establishedtth
ferrocene-functionalized organic compounds oftehiliek unexpected biological activity owing to diféat
properties, e.g., chemical and biological stabbe-toxic and able to cross cell membrghésd

Thus, survey of the literature shows that ferrotemynes, known as ferrocenylchalcones, could be
synthesized by Claisen-Schmidt condensation betleercorresponding ketones with aldehydes in acbasi
alcohol solution under conventiofigl’ and non-conventional techniques, such as ultrakovave$® or by
solvent-free conditiorf$ *°

In this regard, the present work describes the mgregnthesis of two seriesferrocenylchalcone
derivatives wherein the carbonyl group is attacteethe phenyl ringa-g, and wherein the carbonyl group is
directly attached to the ferrocenyl rifig-d by Claisen-Schmidt condensation under solvent-freeditions
simply by grinding the mixture of substrates in thresence of NaOH. To the best of my knowledge, the
preparation of compoundib-g has not been reported in the literature usingesdtree conditions in agate
mortar. Furthermore, compoun8s,3c, 3d and3f are considered as new compounds. This solvergyindgesis
method is eco-friendly, high yielding, requiresspecial apparatus, non-hazardous, simple and ciamien

Results and Discussion

The general synthetic plan employed to synthesieeférrocenylchalcone derivativ8a-g used the Claisen-
Schmidt condensation between suitable aldehydes latdnes under solvent-free conditions at room
temperature (Scheme 1). At first, an equal molaswhof acetophenone derivatives and NaOH was grgun
an agate mortar with a pestle resulting in the &irom of the enolate intermediary as a black visclguid
mixture; then the ferrocencarboxaldehyde is subm=stjuadded and viscosity rapidly increases to farsticky
darkened red liquid of constant mixing (Tacky dawe red solid for compoundg&-d). During the reaction
between two solid reactants, the reaction mixturdengoes a phase transition into a eutectic medt.nate
that, by grinding together the solid aldehydeseainkes without addition of catalyst, this eutepti@se can be
reproduced; however, there is no observedconvetsiahe aldol product upon workup. More importantly
upon addition of the catalyst a rise in temperatuas recorded. After completion, the reaction miixtwas
diluted with CHCI,, and was washed with brine. The organic layer segsarated, dried over MggCand
evaporated under reduced pressure. Finally, théecresidue was purified by column chromatographth wi
silica gel to give the corresponding pure aldolduct as a red solid. This procedure afforded fergce
chalcones in good to excellent yields (88-95%). ¢hemical structures of the synthesized compourete w
established by spectroscopic data (FTARNMR, *C-NMR, EI-MS) and elemental analyses. The results a
listed in table 1 and in experimental section.
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NaOH
Fe + H-C Ar ]
@ Grinding 323, R=R'=H
r.t 3b, R = H,R" = NH,
3¢, R = NH,R'=H
1 2 3d, R = NO, R =H
2a, Ar = Fh 3¢, R = R"= OCH;

2b, Ar = 4-AminePh 3f, R =H, R"=Br

2¢, Ar = Z-AmineFh
2d, Ar = Z-NitroPh
2¢, Ar = Z,4-CimethoxyFPh

2f, Ar = 4-BromoPh
2g, Ar = 2-Furyl

Scheme 1. Synthesis of (B)-3-Ferrocenyl-1-(aryl)prop-2-en-1-one3afg) under solvent-free conditions.

Table 1. Yields, melting points and elemental analysisahpounds3a-g and6a-d.

. (calc)i% .
Time? wi(ca Yield® M.p.
Compound Formula M, w;(found)/% P
min C H % °C
3a CuoHiFeO 316.06 14 ;gig gég 94 141-143
68.90 | 5.17
3b CuHiFeNO 331.07 19 | 3% o1 93 83-85
68.90 517
3¢ CuoHiFeNO 331.07 14 | 590 | 2l 88 58-60
6318 | 4.19
3d CiHiFeNO, | 361.04 21 | o184 90 105-107
67.04 | 536
3e CoHaFeO, 376.08 1| % 25e 01 92-93
3 CiHiBrFeO | 393.97 18 g;;g g'gg 95 125-127
39 CiHuFe0, 306.03 15 g%g j'i% 89 108-110
6a CudHigFeO 316.06 13 ;gﬁ iég 92 138-139
6b CiHuFeO, 306.03 12 gg'gg j'gé 94 154-155
6c CotHrFel 446.10 16 ;ggg jg; 87 179-180
6d CoHiFeQ: 426.06 19 g;'gg ﬁ? 85 159-161

®Exothermic reaction (5-12).
®|solated yields.
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Thesynthesized products were recrystallized andimgepoint was taken which are compatible with the
reported melting points. The percent yield obtaibgdsolvent free method was found to be more tah of
conventional method. Both the method gives therdégproducts, but by applying the solvent free lsgsis
method, we can able to avoid the use of ethanobduatdd acid neutralizer.

The FT-IR spectra of the compoun8s-gshowed two strong bands at stretching frequencigbe range of
1660-1630 cit and 1596-1572 crh which are characteristic of C=0 and C=C groupeetvely.

The FT-IR spectra db and3cshowed thepresence of a Nétretch ab 3332—-3363 and 3349-3467 ¢m

A characteristic feature of tHel NMR spectra in CDGlfor 3a-g is the pair of AB doublets at 7.88-7.08 ppm
consistent with olefinic protons of the chalconeieties with large coupling constant${;= 15.2-15.6 Hz)
indicating that the ethylene moiety in the enonkdge is in drans-conformatiori* in the chalcone system. The
aromatic protons of the ferrocenyl chalcones amgbdownfield between 7.28 and 8.79 ppm in the atioma
region of the spectrum,along with three peaks ftieenferrocenyl moieties between 4.65—-4.17 ppm.rbicet of

Z isomer was found in the proton spectrum. Ti@NMR spectrum oBa-g displayed characteristic carbonyl
signal between 187.0-193.4 ppm, i.e. about 6.0 Ipprar than those of the acetophenones. This méatshie
influence of the substituent is small, but the ager-electron density on C1 is considerably higher timatie
acetophenones. This is obviously caused by a ratterg conjugation in the side chain.

Mass spectra foBa-g displayed the molecular ion peaks ratz 316, 331, 331, 361, 376, 394 and 306
respectively, matching the expected molecular wisigheach case.

Compounds6a-d were prepared according to the procedure alreagiytioned. For compounddc and 6d
themole ratio of the aromatic aldehyde to 1,1"-eligiéerrocene was 3:1. The synthetic route to th@mounds
is outlined in Scheme 2.

. . )k NaOH
e -
Grinding

R > T A 0
r.t
4 5 N
1

49 R'= H,R::CH; 533 Ar="Ph 0

4bR'= H,R?= CH- b Ar = 2-Furyl

4¢R!'=-COCH:, R?=CH:. fcAr="Ph

4dR'=-.COCH-, R*=CH. #d Ar= 2-Furyl

O

Scheme 2. Synthesis of (B)-1-Ferrocenyl-3-(aryl)prop-2-en-1-one8a( 6b), (2E)-1,1"-Dicinnamoylferrocene
6c and (E)-1,1"-bisp-(2-Furyl)acryloyl]lferrocené&dunder solvent-free conditions.
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The FT-IR spectra of compounéa-d showed absorption bands in the range of 1657-t649 for carbonyl
groups (C=0) and 1598-1590 tnfor olefinic double bonds (C=C). THEI-NMR spectrum of compounda-

d showed two doublets around 7.82—-7.51 ppm and 8.22-ppm with the magnitude of the coupling conistan
(3J = 15.2-15.6Hz) being in the expected range. Thenats shift differences\d (H-a, H-8) (their average
being 0.65 ppm for compounds-d) are no significantly greater than those of conmasBa-g (Ad ~ 0.15
ppm). Characteristic ferrocene peaks of compoufadd appeared around 4.93-4.21 ppm which are shifted
downfield approximately at 0.3 ppm with respectcmmpounds3a-g. The *C NMR spectrum displayed
ferrocene peaks around 81.8—70.0 ppm. No signifishift was observed for the carbonyl carbon (adol)®2
ppm) of compoundéa-d.

Mass spectra foBa-d displayed the molecular ion peaksnalfz 316, 306, 446 and 426 respectively, matching
the expected molecular weights in each case.

Conclusions

In summary, a simple, convenient and general methad been developed for the preparation of
ferrocenylmono- and dichalcones derivatives und#vest-free conditions by just grinding. Thereagso
occurs under mild conditions and requires easierkwd procedures andsimpler equipment, compared to
similar reactions carried out in solution. Additadly, the compound8b, 3c, 3d and3f were obtained in high
yields and are considered as new compounds.

Experimental Section

"H NMR and C NMR spectra were recorded on a JEOL 400S speetasjrusing CDClas solvent. Signals
were assigned using 1'Bl and™*C experiments. Chemical shift valué$ ére expressed in ppm and are relative
to that of TMS as the internal standard. The miitity of each NMR signal is defined as one of thkowing:

s (singlet), d (doublet), t (triplet) or m (multgt).IR spectra were performed on a Nicolet-Magn@ F5%-IR
spectrometer. The electronic impact (El) ionizatinass spectra were acquired on a JEOL JMS-AX505 HA
Mass spectrometer operated in the positive ion méte acquisition conditions were ion source terapse
230 °C, ionization energy 70 eV, emission curreb##@ A and ionization current 100 A. Melting points were
measured using a Mel-Temp Il apparatus and arerguted. Elemental analyses (C and H only) were
recorded froma Euro EA elemental analyzer. All exdg were obtained fromcommercial suppliers and ase
received.Solvents were purified by standard metlaodiswere freshly distilled prior to use.

General procedure for preparation of compounds 3a-g.

A mixture of1 (2.19 mmol),2 (2.19 mmol) and 2.19 mmol of solid NaOH pellet vgasund together
in an agate mortar with a pestle at room tempegator 11-28 min (See table 1). The reaction proseed
exothermically (Indicated by a rise in temperatofe5s—12C). The progress of reaction was monitored by
TLC.After the completion of reaction, the reactioixture was diluted with CKCl, and washed with brine.
The organic layer was separated, dried over Mg&@d evaporated under reduced pressure.The cradegd
was purified by column chromatography using Sitigd-(grade 60, 70—-230 mesh) and 4:1 hexanes—ethyl
acetate as eluent to give compouBdsgas red solids. The compoun8a, 3e and3g exhibit melting points
corresponding to the literature.

(2E)-3-Ferrocenyl-1-(phenyl)prop-2-en-1-one (3a).

M.p. 141-143°C (Lit. M.p. 142-1458C) [26, 29].—IR (KBr):v = 3060 (H-Ar),1652 (C=0), 1590 ( C=C), 484
(Cp-Fe) crit. —'HNMR (400 MHz, CDCY)): § = 4.18 (s, 5H, 9-H), 4.49 (t, 2H,= 1.6 Hz, 6-H), 4.60 (t, 2H]

= 1.6 Hz, 5-H), 7.15 (d, 1Hl = 15.6 Hz, 2-H), 7.58-7.46 (m, 3H, H-Ar), 7.77 {#, J = 15.6 Hz, 3-H), 8.00—
7.96 (m, 2H, H-Ar). 2°C RMN (CDCK/TMS): & = 69.0 (C-6), 69.8 (C-9),71.3 (C-5), 77.3 (&b 119.1 (G),
128.3 (C-2'),128.5 (C-4"), 130.4 (C-3"), 132.3,45, 146.0 (G), 193.4 (C=0).— MS (El, 70 Evin/z(%) = 316
(100) [M]". —Anal. calcd. C 72.18, H 5.10; Found C 72.13,. 245
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(2E)-3-Ferrocenyl-1-(4-aminophenyl)prop-2-en-1-¢&b).

M.p. 83-85°C.— IR (KBr):v = 3449 and 3332 (HN-Ar), 3085 (H-Ar), 1630 (C=Q%596 (C=C), 488 (Cp-Fe)
cm®. —'HNMR (400 MHz, CDC)): 6 = 4.12 (s, 2H, Nb), 4.17 (s, 5H, 9-H), 4.44 (t, 2H,= 1.6 Hz, 6-H), 4.58
(t, 2H,J = 1.6 Hz, 5-H), 6.71 (d, 2H, H-Ar), 7.16 (d, 1 15.2 Hz, 2-H), 7.72 (d, 1H,= 15.2 Hz, 3-H), 7.90
(d, 2H, H-Ar). =*C RMN (CDCKTMS): & = 68.7 (C-6), 69.6 (C-9), 70.9 (C-5), 80.1{E5118.8 (G), 126.9
(C-2)),127.5 (C-3),129.3 (o) 138.1 (Gyso)145.8 (G), 193.1 (C=0). —MS (El, 70 Ev)n/z (%) =331 (80)
[M]*. —Anal. calcd. C 68.90, H 5.17;Found C 68.81, 685.

(2E)-3-Ferrocenyl-1-(3-aminophenyl)prop-2-en-1-¢Be).

M.p. 58-60°C. — IR (KBr):v = 3467 and 3363 (HN-Ar), 3087 (H-Ar), 1660 twiC=0), 1572 ( C=C), 488
(Cp-Fe) crit. —=*HNMR (400 MHz, CDC}): § = 3.81 (s, 2H, Nb), 4.17 (s, 5H, 9-H), 4.47 (t, 2H,= 1.6 Hz, 6-
H), 4.59 (t, 2HJ = 1.6 Hz, 5-H), 6.88-6.86 (m, 1H, H-Ar), 7.25 ({, J = 15.6 Hz, 2-H), 7.35-7.26 (m, 3H, H-
Ar), 7.74 (d, 1H,J = 15.6 Hz, 3-H). **C RMN (CDCKL/TMS): &= 68.9 (C-6), 69.7 (C-9), 71.3 (C-5), 79.2
(FGpso), 118.9 (G), 114.3 (C-4’), 118.6 (C-2’), 119.3 (C-5'), 1196-6), 129.4 (Gso), 139.7 (Goso). 146.7 (G),
190.0 (C=0).-MS (El, 70 Ev)n/z(%) =331 (100) [M]. —Anal. calcd.C 68.90, H 5.17;Found C 68.78, F95.0

(2E)-3-Ferrocenyl-1-(3-nitrophenyl)prop-2-en-1-ofgs).

M.p. 105-107°C. — IR (KBr):v = 3090 (H-Ar), 1658 (C=0), 1593 (C=C), 1526 and43NQ,), 486 (Cp-Fe)
cm’. —*HNMR (400 MHz, CDC})): & = 4.21 (s, 5H, 9-H), 4.56 (t, 2H,= 1.6 Hz, 6-H), 4.65 (t, 2H] = 1.6 Hz,
5-H), 7.26 (d, 1H, = 15.2 Hz, 2-H), 7.72-7.68 (m, 1H, H-Ar), 7.88 {d{, J = 15.2 Hz, 3-H), 8.79-8.28 (m,
3H, H-Ar). —*C RMN (CDCK/TMS): = 69.3 (C-6), 69.9 (C-9), 72.0 (C-5), 78.5 (&} 117.4 (G), 123.1 (C-
4'), 126.6 (C-2’), 129.7 (C-5’), 129.8 (C-6"), 1®4(Cpso), 139.9 (Goso), 149.3 (G), 187.0 (C=0).-MS (EI, 70
Ev): m/z(%) =361 (82) [M]. —Anal. calcd.C 63.18, H 4.19;Found C 63.07, +84.2

(2E)-3-Ferrocenyl-1-(3,4-dimethoxyphenyl)prop-2Znne (3e).

M.p. 91-93°C (Lit. M.p. 93-95C) [27]. —IR (KBr):v = 484 (Cp-Fe), 1579 ( C=C), 164{C=0), 3060 ( Ar-H)
cm*. —'HNMR (400 MHz, CDCY)): § = 3.95 (s, 3H, OMe), 3.97(s, 3H, OMe), 4.18 (s, SHH), 4.47 (t, 2H)

= 1.6 Hz, 6-H), 4.60 (t, 2H] = 1.6 Hz, 5-H), 6.93-6.88(m, 1H, H-Ar), 7.18 (4,1 = 15.2 Hz, 2-H), 7.64-7.53
(m, 2H, H-Ar), 7.77 (d, 1H) = 15.2 Hz, 3-H). 2*C RMN (CDCKTMS): & = 55.9, 55.8 (-OMe), 68.9 (C-6),
69.6 (C-9), 71.1 (C-5), 79.8 (F%),109.8, 109.9, 110.6 (H-Ar), 118.5 {)7122.5 (Gso),123.2 (Gso),145.7
(Cp),192.7 (C=0). —MS (EI, 70 Evin/z(%) = 376(100) [M]. —Anal. calcd. C 67.04, H 5.36;Found C 67.15, H,
5.28.

(2E)-3-Ferrocenyl-1-(4-bromophenyl)prop-2-en-1-q@8é.

M.p. 125-127°C. —IR (KBr):v = 3089 (H-Ar), 1654 (C=0), 1588 (C=C), 483 (Cp-kEe)’. — 'HNMR (400
MHz, CDCL): & = 4.18 (s, 5H, 9-H), 4.51 (t, 2H,= 1.6 Hz, 6-H), 4.60 (t, 2H] = 1.6 Hz, 5-H), 7.08 (d, 1H],
= 15.2 Hz, 2-H), 7.64-7.62 (d, 28 = 8.4 Hz, 3°-H), 7.78 (d, 1H] = 15.2 Hz, H-3),7.86-7.83 (d, 2H,= 8.4
Hz, H-2"). —*C RMN (CDCKTMS): & = 69.0 (C-6), 69.8 (C-9), 71.5 (C-5), 79.2 (E5118.3 (G),122.4 (C-
2),129.8 (C-3°), 131.7(R0), 134.2(Gso),147.5 (G), 192.9 (C=0). -MS (EI, 70 Evin/z(%) =394(100) [M].
—Anal. calcd.C 57.76, H, 3.83;Found C 55.83, H53.9
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(2E)-3-Ferrocenyl-1-(2-furyl)prop-2-en-1-ones (39).

M.p. 107-109°C (Lit. M.p. 107-108C) [27]. —IR (KBr):v = 3060 (H-furyl), 1647 (C=0), 1579 (C=C), 484
(Cp-Fe)ent. —*HNMR (400 MHz, CDC)): & =4.18 (s, 5H, 9-H), 4.49 (t, 2H,= 1.6 Hz, 6-H),4.60 (t, 2H] =
1.6 Hz, 5-H),7.01 (d, 1H] = 15.6 Hz, 2-H),7.28-7.26 (m, 2H, furyl, 2"-H, 3)KA.64 (s, 1H, furyl, 4°-H),7.80
(d, 1H,J = 15.6 Hz, 3-H).-*C RMN (CDCKTMS): & = 69.7 (C-9),71.4 (C-6),73.1 (C-5),78.9 {£$,116.7
(C-37),117.3 (C-4'),118.1 (C-2"),135.8.4)(146.0 (G),153.8 (Gsy),193.4 (C=0). -MS (EIl, 70 Ev)n/z(%) =
306(100) [MT. —Anal. calcd.C 66.70, H 4.61;Found C 67.03, 474.

General procedure for preparation of compounds 6a-d.

A mixture of 4(2.19 mmol),5 (2.19 mmol) and 2.19 mmol of solid NaOH pellet veggsund together in an
agate mortar with a pestle at room temperaturd2e19 min (See table 1). For compouBdsindéd the ratio

of 4/5 was 1:3. The progress of reaction was mositdy TLC.After the completion of reaction, th@cgon
mixture was washed with brine. All crude producerevpurified by column chromatography (silica gell,
hexanes—ethyl acetate as eluent) to give compoGadas red solids. All Compoundsexhibit melting points
corresponding to the literature.

(2E)-1-Ferrocenyl-3-(phenyl)prop-2-en-1-one (6a).

M.p. 138-139°C (Lit. M.p. 141-142C) [28, 29]. —IR (KBr):v = 3086 (Ar-H), 1649 (C=0), 1595 ( C=C), 482
(Cp-Fe) cnit. —*HNMR (400 MHz, CDCY)): 6 =4.22 (s, 5H, 6"-H), 4.60 (s, 2H, 3"-H),4.92 (sl, 2"-H),7.11
(d, 1H,J = 15.2 Hz, 2-H),7.42 (m, 3H, Ar, 6-H, 7-H),7.65 284, Ar, 5-H),7.82 (d, 1HJ = 15.2 Hz, 3-H). 2°C
RMN (CDCL/TMS): & =69.8 (C-2°), 70.0 (C-67), 72.7 (C-37),80.7 {E}128.24 (C-7),128.9 (C-6, C-8),130.0
(C-5, C-9),135.3 (fx),123.1 (G),140.8 (G), 192.6 (C=0). — MS (El, 70 Ev)n/z (%) =316 (100) [M]. —
Anal. calcd.C 72.18, H 5.10;Found C 73.11, H, 4.97.

(2E)-1-Ferrocenyl-3-(2-furyl)prop-2-en-1-one (6b).

M.p. 154-158C (Lit. M.p. 157C) [29]. —IR (KBr):v = 3085 (H-furyl), 1650 (C=0), 1591 (C=C), 483 (Cp-
Fe)cm™. —*HNMR (400 MHz, CDC)): & = 4.21 (s, 5H, H-6), 4.58 (s, 2H, 3"-H),4.91738l, 2"-H),6.52 (s, 1H,
furyl, 6-H),6.68 (s, 1H, furyl, 5-H),6.97 (d, 1H,= 15.6 Hz, 2-H),7.51 (d, 1Hl = 15.6 Hz, 3-H),7.53 (s, 1H,
furyl, 7-H). —**C RMN (CDCK/TMS): & =69.9 (C-6), 70.3 (C-27), 72.9 (C-3),80.9 {(E}112.8 (C-6),115.6
(C-7),120.9 (C-5),127.3 (,144.5 (G), 152.1 (C-4),192.9 (C=0). — MS (EIl, 70 Ew/z (%) = 306 (100)
[M]*. —Anal. calcd.C 66.70, H 4.61;Found C 66.55, 984.

(2E)-1,1"-Dicinnamoylferrocene (6c).

M.p. 179-180°C (Lit. M.p. 181-183C) [30]. —IR (KBr):v = 3088 (Ar-H), 1656 (C=0), 1598 (C=C), 475 (Cp-
Fe) cm®. —'HNMR (400 MHz, CDCJ): 6 = 4.60 (s, 2H, 3'-H), 4.93 (s, 2H, 2"-H),7.08 {8, J = 15.2 Hz, 2-
H),7.60-7.36 (m, 5H, H-Ar), 7.79 (d, 1H,= 15.2 Hz, H-3). °C RMN (CDCKTMS): & =71.2 (GH,),74.1
(CsH4),81.8 (Fgso),122.2 (G),130.2, 128.8, 128.3 (Ar),134.6§6) 142.0 (G), 192.0 (C=0). — MS (EIl, 70 Ev):
m/z(%) = 446(67) [M]. —Anal. calcd.C 75.35, H 4.97;Found C 75.29, H84.8

(2E)-1,1"-bisp-(2-Furyl)acryloyl]ferrocen¢6d).

M.p. 159-162C (Lit. M.p. 166C) [30]. —IR (KBr):v = 3094 ( furyl-H), 1657(C=0), 1590 (C=C), 483 (Cp-
Fe)cm®.—"HNMR (400 MHz, CDC)):8 = 4.57 (s, 4H, H-3"), 4.93 (s, 4H, H-2"),6.47Z8, furyl, H-6),6.66 (s,
2H, furyl, H-5),6.95 (d, 2H, = 15.2 Hz, H-2),7.46 (s, 2H, furyl, H-7),7.53 (H,2) = 15.2 Hz, H-3). 2*C
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RMN (CDCL/TMS): 8 =71.2 (GH4), 74.4 (GH,),82.0 (Fgso),112.5 (C-6, furyl),115.9 (C-7, furyl),120.0 (C-5,
furyl),128.0 (G),144.6 (G),151.9 (C-4, furyl)) 192.1 (C=0). — MS (El, 70 Ev)n/z (%) = 426(100) M]. -
Anal. calcd.C, 67.63; H, 4.26;Found C 67.59; H74.1
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