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Abstract : Synthetic approachestowardsnew dispiro
derivativesand bicydicring sysemshavebeen achieved
by application of intermolecular (4+2) & cycloaddition
reactions of suitably dieneophileswith thetitle com-
poundsunder therma and mi crowave conditions. Also,

INTRODUCTION

a-Enonesunderwent avariety of cycloadditionand
self-condensation reactons*. They behave asbuild-
ing blocksin synthesisof multiply substiuted benzenes
viaaformal [3+3] cycloaddition™. Aswell as[2+2]
photocycloaddition of chird cyclic enoneswith olefins
wasreported®. Inthe previouswork weutilized the
titlecompoundsin heterocyclic synthes §'9. Hereinwe
report aninvestigation of reactions of these compounds
with reactive dieneophiles. M oreover, acomparison of
theresultsobtained from classical and microwave hest-
ing was presented.

theantimicrobid activity of someof thesynthesized com-
poundswastested. © Global Scientificlnc.

K eywor ds: Dispiro compounds; Bicydlicringsys-
tems, Microwave heating.

RESULTSAND DISCUSSION

Inthepresent investigation, noreactions, of (E,Z2)-
2,6-bis (3-phenylallylidene)cyclohexanone (1) with
electron deficient dienophiles 2-4 toke place at room
temperature. However, refluxing of compound 1 with
thereagents 2-4 in toluenefor 25-30 hours afforded
1:2 adductsin reasonableyields. Thus, reaction of 1
with diethyl acetylenedicarboxylate (2) in toluenefor
30 hoursgave an adduct 5asshownin Schemel. The
structure of 5was evidenced fromitsmicroanal ytical
and spectroscopic datathat showsit isformulated asa
dispiro derivative. The R absorption bandsat 1730
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and 1661 cm? confirmed the presence of carbonyl
groupsof ester and ketonerespectively. ThetHNMR
spectrum supportsthestructure asit showsamultiplet
signal at 6 1.1-1.4 ppm corresponds to four methyl
groups, two multipletssignasat 3.3-4.1 and 4.2-4.6
correspond tofour methylenegroupsaswell assignas
for olefinic and aromatic protons (see Experimental).
Further support for the assigned structure of 5wasgiven
from itsmass spectrum that showsthe correct molecu-
lar ion and fragment peaks correspond very well with
its proposed structure. The low absorption val ue of
C=0 group of cyclohexanone moiety (not conjugated
C=0Ogroup) a 1661 cnr! indicatetheexistenceatrans
annular conjugation between the cyclohexanone car-
bonyl group and one of thetwo C=C at carbons 2’ or
2” incompound 5. Thisa so supported by thefact that
thetwo spiroringsareplacedin 1,3-transaxia -equa-
torial conformation. Moreover, the adduct 5 was pre-
paredin 95%yield after 10 minutesof microwave heat-
ing. Ontheother hand theyield of 5was60% after 30
hoursof reflux (TABLE 1). Theformeation of compound
5 can berationalized onthe basis of (4+2) = cycload-
dition reections.

Similar treatments of compound 1 with 3-(3-
nitrophenyl)-1- phenylprop-2-en-1-one (3), maeic
anhydride (4a) or N-phenylmalimide (4b) proceeded
insimilar manner to givedispiro compounds 6,7aand
7b respectively. It isbelieved that these compounds
were formed viadirect 4+2 cycloaddition reactions
(Scheme 1). Microwaveirradiation was used to fa-
cilitate thesereactions by improving their yieldsand
decreasing their reactionstimesasshownin TABLE
1. The structures of these productswere el ucidated
from their microanal ytical and spectral data(see Ex-
perimenta).

Refluxing of (E/Z)-2,6 Bis (furan-2-
ylmethylene)cycohexanone (8) intoluenewith cinnamic
acid (9), 1-buten-3-one(10),3-(3-nitrophenyl)-1-phe-
nyl prop-2-en-1-one (3), vinylacetic acid (11) and
maleic anhydride (4a) afforded the cycloadducts 12a-
d and 13 inreasonableyields (Scheme?2). Theforma
tion of compounds 12a-d and 13 is explaned on the
basisof (4+2) = cycloaddition reactions. Thereactive
dienophilesadded entirely to the activated furanring to
producebicyclicring systems. Since, & lower tempera:
ture, duetothelower barrier height, the formation of

Ph 0 Ph
EtOOC—==—COOEt O O
P EtOOC ‘ COOEt
2
COOET COOEt
5
H O H
NS ~
R . Ph
Reflux
1 P>  PhOC COPh
or MW (m)O,NCgH, CeH4NO,(m)
CH=CH—
=)
ﬂ Ph 0 Ph
) o)
X 0 0
S
4a)X=0 X X
b) X = NPh o o
7a) X=0
b) X = NPh

Scheme 1



ChemXpress 7(3), 2014

71

the product with endo configurationisalowed (Kinetic
control). At higher temperature, both of the barrierswith
sgnificantly different energies can beovercome, but the
endo mechanismwill bereversible (Thermodynamic
contral), thusthe more stable exo product isexpected
tobeformedinalarger quantity(*t12,

Asshownin Scheme 2, since compound 8 hasfu-
ran ring substituted at position 2 by aconjugated group,
thiswill raiseitsHOMO energy and lower itsLUMO
energy. Aswell as, dienophilesare substituted by el ec-
tron withdrawing groups, thesewill decreaseboth the
HOMO and LUM O energies, so theoptimum interac-
tion will bebetween HOMO furan LUMO dienophile.
Theregeosd ectivity of thereactionisexplained by con-
Sderation of theeffect of substituentson the coefficient
of dieneand dieanophiles, thisshowsthat furan hasthe

H 0] H

A N = A
r r
Reflux

8 or MW

O —»
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largest coefficient on C-5 (inHOMO) and dienophiles
10 and 11 thelargest coefficient on the unsubstituted
carbon of alkene, leading to reaction between C-5fu-
ran and the unsubstituted carbon of theakene. Incase
of dienophiles3, 4 and 9 being symmetrica alkenesno
such regeosd ectivity isexpected. Thestructuresof the
obtained compoundswereproved by their microana
lytical and spectra data(see Experimentd). Inspection
of the'THNMR of compound 12d revea stwo absorp-
tion signals correspond to two OH protonsat 6 11.4
and 11.9 ppm, aswell thetwo olefinic protons of the
side chain appear at two different positions (at 6 6.6
and 6.9 ppm), similarly thoseinsidethebicyclic-ring
system appear at 6 5.8-6 and 6.1-6.3 ppm, this sug-
geststhat compound 12d not symmetrical and may
beexistsintwo different environments. Microwave

— o

12 a) X = Ph, Y = COOH
b) X =COCHj, Y=H
C) X= 3'N02C6H5 Y= COPh
d) X=CH,COOH, Y=H

o) Oo
o) o .
13

Scheme 2

TABLE 1: Comparison between reaction timesand yields of
theproductsobtained from classical and microwaveheating

Classical heating Microwave

Compd

yield% Time(min) yield % Time(min)

5 60 1800 95 10

6 63 1500 93 15

7a 75 1700 96 20

7b 72 1600 93 12
12a 66 1720 89 18
12b 64 1500 86 25
12c 77 1750 92 26
12d 68 1800 87 24

13 77 1800 90 19

irradiation was used to facilitate these cycloadditions.
Thereactiontimeisreduced to few minuteswith an
improvement of theisolated yields(TABLE 1).

BIOLOGICALACTIVITY

Theantimicrobid screening of someof the synthe-
sized compoundswas done using the agar plate diffu-
sion method™?. The possibleantimicrobial activity of
compounds 6, 7a, 12a and 12d was investigated to
el ght standard organismsincluding the Gram positive
bacteria: Saphylococcus aureus (Sa) and Bacillis
subtilis (Bs); Gram negative bacteria: Pseudomonas



72

ChemXpress 7(3), 2014

ORIGINAL ARTICLE

aeruginosa (Pa) and Escherichiacoli (Ec); and fungi:
Candida albicans (C), Aspergillus fumigatus (A),
Penicillium italicum (P) and Syncephalastrum
racemosum (S). Theobtained resultsare presentedin
TABLE 2. Thereference standard Terbinafin wasused
asagtandard antifungd agent while Chloramaphenicol
was used asastandard antibacterial agent.

ANTIBACTERIALACTIVITY

Various concentrations of thetested compounds6,
7a, 12aand 12d (1, 2,5 and 5 mg mL?) dissolved in
dimethyl sulfoxide (DM SO) wereadded to eechfilter pa-
per disc and DM SO was used as control. Plateswere
incubated at 37 °C and examined for zoneof inhibition
around each disc after 24 hr (TABLE 2). Theantibacte-
rid activity waseva uated by measuring thezoneof inhi-
bition against thetest organisms. Theresultswerecom-
pared with commercid stlandard Chloromphenicol (S).

ANTIFUNGALACTIVITY

The antifungal bioassay was tested by the disc
method in potato-dextrose agar (PDA) mediumwith
TABLE 2: M ean diameter sof inhibition Zone (mm) coused by

100 nL of antibacterial and antifungal activities in the agar
platediffuson method

Gram positive Gram negative

Compd  Conc bacteria bacteria Fungi
No. mg/m =g ™8 Pa E CAP S
6 1 5 4 0 4 0 300

25 8 8 0 6 07 0O
5 11 10 0 9 916 0 O
Ta 1 4 6 0 0 00O
25 7 0 11 0530
5 11 15 0 15 6 9 7 0
12a 1 5 7 0 0 300
25 9 10 0 0500
5 12 17 0 7115 0
12d 1 5 9 0 0 00O
25 8 13 0 10 0 4 30
5 11 18 0 13 8 6 50
st 1 4 11 0 13 6 11 4 9
25 6 18 5 20 10 18 9 13

5 15 22 11 27 19241921

Well diameter 6 mm (100 pL of each concentration was tested).
0 = zone of inhibition reflecting no inhibition growth.

various concentrations (1, 2.5 and 5 mg mL?). The
fungi test plate was incubated for 72 hours at 28 °C
(TABLE 2). Theantifungal activity waseval uated by
measuring the zone of inhibition against organisms.
Terbinafin wasused ascommercial standard ().

Datain TABLE 2 emphasized the fact that the
chemical agentssymbolized 6, 7a, 12aand 12d exhib-
ited variousdegrees of activitiesagainst Gram positive
bacteria. Aganist staphylococcus aureus (Sa) they
exhibit strong activitiesat both high concecentration (5
mg/mL 1), and low concentrations (2.5 or 1 mg/mL2).
For bacillus subtilis (Bs) compounds 12a and 12d
exhibit moderate activitiesat both high concentration
(5mg/mL1), andlow (2.5 or 1 mg/mL-t). Ontheother
hand compound 7aexhibit moderate activity at high
concentration and low activity at low concentrationwhile
6 showslow activitiesat both highand low concentra-
tions. For Gram negative bacteria: pseudomonas
aeruginosa (Pa), thetested compounds exhibit no ac-
tivitiesat all. For Escherichia coli (Ec) they exhibit
low activitiesat both high and low concentrations ex-
cept compound 12adidn’t show any activity at low
concentration. For fungi: thetested compounds show
weak activity at high concentration against Candida
albicans(C), whilethey reflect noinhibition of growth
at low concentrations. The compounds show weak
activity against Aspergillusfumigatus (A) at both con-
centrations except 7aand 12d show no activity at the
concenteration 1 mg/ml. For Penicilliumitalicum (P)
compounds 7a, 12aand 12d show low activity at high
concentrationsand low to no activitiesat |ow concen-
trations. Compound 6 didn’t show any activity at all.
For Syncephal astrumracemosum (S) thetested com-
poundsdidn’t show activity..

EXPERIMENTAL

Mélting pointswere determined in open capillary
tubesonaGallenkemp melting point gpoparausand were
uncorrected. The elemental analyses were done on
Perkin-Elemer 2400 CHN edemental andyser. ThelR
spectrawererecorded on Perkin Elmer spectrometer
RXIFT-IR systemsusing KBr discs. The'HNM R spec-
traweremeasured on Varian Gemini 200 MHz instru-
ment with chemicd shift (6) expressedin ppm downfield
from teramethylsilane (TMS) asinternal standard, in
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deuterated chloroform (CDCI,). Mass spectra(MS)
were recorded on Shimadzu GC-MS, QP 1000 EX
instrument operating at 70 eV. Thinlayer chromatogra:
phy (TLC) was carried out for the monitoring of the
progress of all reactions and homogeneity of the
synthesised compounds. TLC was performed using
TLC aluminum sheet silicagel F,, (Merck). Micro-
waveirradiations were performed in Sharp R-23 IF
microwaveoven 800 W.

Reaction of (E,Z)-2,6-bis(3-phenylallylidene)- and
(E,2)-bis(furan-2-ylmethylene)cyclohexanones 1
and 8with diwneophiles

(a) General procedure(A)

To asolution of compounds 1 and/ or 8 (3 mmole)
indry toluene (30 ml) diethyl acetylenedicarboxylate
(2) (3 mmole) was added. Thereaction mixturewas
refluxed for 30 hoursand cool ed to room temperature.
The precipitated solid wasfiltered, washed with light
petroleum 60-80°C, and recrystallised from ethanol to
givecompound 5. The same procedurewas donewith
3-(3-nitrophenyl)-1-phenyl prop-2-en-1-one (3), ma-
leic anhydride (4a), N-phenylmaimide (4b), cinnamic
acid (9), 1-buten-3-one (10), or vinylacetic acid (11).
Theprogressof all reactions and homogeneity of the
synthesised compoundsweremonitored by TLC. The
solid obtained in each casewasrecrystallized from a
suitable solvent to givethe corresponding compounds
6, 7ab, 12a-d and 13.

(b) General procedure(B)

In 25 mL beaker thetitlecompounds1and/or 8
(2 mmole) and dienophiles2, 3,4a, 4b, 9,100r 11 (1
mmole) aredissolvedin 5 mL DMF. The beaker with
itscontentsisput inthemiddle of themicrowave oven.
Timeisadjusted at the beginning for 1 min. and the
reaction timeischecked by TLC. A solid product was
obtained after cooling whichwaswashed with ethanal,
filtered off and recrystallised from asuitable solvent to
givethe same products6, 7a,b, 12a-d and 13.
2,6(Spiro[2.1']-2',3' -diethoxycar bonyl-4'-phenyl-
2',5'-cyclohexadiene-spiro[6.1'']-2" ,3" -
diethylcarbonyl-4" -phenyl-2" 5" cyclohexadiene)
cyclohexan-1-one(5)

Yellow crystals; m.p 162-164 °C (ethanol); IR
(KBr) v: 3060, 3029 (CH,,,,),2980, 2939 (CH,,,),

1730 (CO_), 1661 (CO), 735, 699 (5,,) cm™;
'HNMR (CDCIl,)) &: 1.1-1.4 (m, 12H, 4
COOCH,CH,), 1.8-2.1 (m, 6H, CH_,CH,CH.,), 3.3
4.1 (m, 4H, 2 COOCH.CH,), 4.2-4.6 (m, 6H, (2
CHPh +2 COOCH,CH,)), 6.6-6.8 (m, 4H. 4CH=),
7.2-7.6 (m, 10H, Ar-H); MS (70 eV) m/z (%): 666
(M*, 2), 653 (8), 562 (8),529 (8), 340 (3), 333 (7),
215 (4), 191 (11), 129 (35), 91 (100); Anal. Calcd.
For C,H,,O, (666.76): C, 72.05; H, 6.35. Found: C,
71.62; H, 6.28%.
2,6(Spiro[2.1']-4'-phenyl-5'-benzoyl-6'-(3-
nitrophenyl)-2'-cyclohexene-spiro[6.1'’]-4"-phe-
nyl-5'’-benzoyl-6'’-(3-nitrophenyl)-2'’-
cyclohexen)cyclohexan-1-one (6)

Orange crystals; m.p 130-132 °C (benzene); IR
(KBr) v: 3070 (CH,,, ), 2920, 2850 (CH,,,), 1661
(CO), 1605, 1593 (C=C), 756, 682 (5,,) cm™,
'HNMR (CDCl,) é: 1.6-1.9 (m, 6H, CH,CH.CH,),
3.8-4.3(m, 6H),5.8(d, 2H, J=9.4Hz), 6.1 (d, 2H, J
=8.5Hz), 7.0-8.6 (m, 28H, Ar-H); MS (70 eV) m/z
(%): 832 (M*, 0), 502 (1), 385 (4) 384 (9), 383 (4),
265 (2), 222 (3), 105 (100); Anal. Calcd. For
C,H,N.,O, (832.94): C, 77.87, H, 5.32, N, 3.36.
Found: C, 77.52; H, 5.08; N, 3.78%.

2,6(Spiro[2.1']-4'-phenyl-5',6'-dicar boxylicanhy-
dride-2' -cyclohexene-spiro[6.1'']-4"" -phenyl-5",6" -
dicarboxylic anhydride -2''-cyclohexen)
cyclohexan-1-one(7a)

Yellow crystals, m.p 170-172 °C (Toluene); IR
(KBr) v: 3029 (CH__),2936 (CH_, ), 1773, 1706
(CO, 14100 1663 (CO), 754, 646 (85,5 cm®; tHNMR
(CDCl,) 6: 1.6-2.1 (m, 6H, CH,CH.CH,), 2.6-2.8
(m, 2H, CHCO), 3.5-3.6 (m, 2H, CHCO), 3.8-3.9
(m, 2H, CHPh), 6.0 (m, 2H), 6.6 (d, 1H, J=11.0 Hz),
6.8 (d, 1H, J= 10.4Hz), 7.3 (m, 8H, Ar-H), 7.6 (m,
2H, Ar-H); MS (70 eV) vz (%): 522 (M*, 1), 507
(10), 478 (4) 353 (5), 226 (3), 187 (8), 182 (7), 91
(100); Anal. Caled. For C_H..O, (522.54): C, 73.55;
H, 5.02. Found: C, 73.86; H, 4.98%.

2,6(Spiro[2.1']-4'-phenyl-5',6'-dicar boxylic-N-
phenylimide-2'-cyclohexene-spiro[6.1'']-4'"-phe-
nyl-5"",6"" -dicarboxylic-N-phenylimide-2"" -
cyclohexen)cyclohexan-1-one(7b)

Yellow crystals; m.p 138-140 °C (ethanal); IR
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(KBr) v: 3060 (CH,),2930 (CH,,), 1760-1712
(br.CO, .,)1668 (CO), 754, 696 (5,,) cmr’; HNMR
(CDCl,) 5: 1.6-1.9 (m, 6H, CH,CH,CH,), 2.9-3.4
(m, 4H, CHCON), 3.8-3.9 (m, 2H, CHPh), 5.8 (d,
2H, J=8.9 Hz), 6.3 (d, 2H, J=8.3Hz), 7.0-7.7 (m,
20H, Ar-H); MS (70 eV) mVz (%): 672 (M*, 0), 403
(2), 348 (7) 244 (4), 208 (3), 175 (26), 105 (43), 93
(100), 91 (86); Andl. Calcd. For C,,H,N,O, (672.77):
C, 78.55; H, 5.39, N, 4.16. Found: C, 78.23; H, 4.79,
N, 3.86%.

(2E/Z,6E/Z)-2,6-bis((5-car boxy-7-oxa-6-phenyl-
bicyclo[2.2.1]hept-2-en-1-
yl)methylene)cyclohexanone (12a)

Brown crystals, m.p 222-224 °C (ethanol); IR
(KBr) v: 3300-2300 (br. OH), 1682 (CO), 1592
(C=C), 756, 696 (5,,) cm™; *HNMR (CDCl,) 5: 1.6-
1.9(m, 6H, CH,CH,CH,), 3.2-3.4(m, 4H, CH), 4.2-
4.3(m, 2H, CH-0), 6.1 (d, 2H, J=11.6 Hz), 6.3 (d,
2H,J=10.9Hz,2CH=), 6.9 (s, 2H, 2CH=), 7.4-7.9
(m, 10H, Ar-H), 11.9 (br. s, 2H, 20H, excheangeable
with D,O); MS (70 eV) mVz (%): 550 (M*, 3), 508
(1), 462 (4) 438 (11), 280(23), 132 (32), 85(43), 77
(100); Anal. Calcd. For C_H, O, (550.6): C, 74.17,
H, 5.49. Found: C, 73.87; H, 5.64%.

(2E/Z,6E/Z)-2,6-bis((6-acetyl-7-oxa-
bicyclo[2.2.1]hept-2-en-1 yl)methylene)cyclohex-
anone (12b)

Pale brown crystals; m.p 280-282 °C (ethanal);
IR (KBr) v: 2938 (CH,,,, ), 1703 (CO), 1594 (C=C)
cm?; *HNMR (CDCl,) s: 1.7-1.9 (m, 6H,
CH,CH,CH,), 2.1 (s, 6H, CH,CO), 2.4-2.7 (m, 6H,
2CH,CHCOCH,), 4.2-4.4 (m, 2H, CH-0O), 5.8 (d,
2H,J=10.3Hz),6.1(d,2H,J=9.5Hz), 6.9(s, 2H);
MS(70eV) m/z(%): 394 (M*, 6), 377 (2), 356 (12),
302 (23), 165 (56), 123 (64), 44 (100); Anal. Calcd.
For C,H, O, (394.46): C, 73.08; H, 6.64. Found: C,
73.24; H, 6.39%.
(2E/Z ,6E/Z2)-2,6-biH(5-benzoyl-6-(3-nitrophenyl)-7-
oxa-bicyclo[2.2.1]hept-2-en-1-yl)methylene)cyclo-
hexanone (12¢)

Orange crystals; m.p 115-117 °C (ethanal); IR
(KBr) v: 3072 (CH,, ),2940 (CH,, ), 1664 (CO),
1604 (C=C), 738, 684 (3,,) cm*; ‘HNMR (CDCl,)
&: 1.7-1.9 (m, 6H, CH,CH,CH,), 3.6-3.7 (m, 4H),

5.0-5.2 (M, 2H, CH-0), 6.4 (d, 2H, J = 8.0H2), 6.5
(d, 2H, J=8.3Hz), 6.6 (s, 1H), 6.7 (S, 1H), 7.6-7.9
(m, 10H, Ar-H), 8.1-8.3 (m, 6H, Ar-H), 8.7 (s, 2H,
Ar-H); MS (70 eV) mz (%): 760 (M*, 0), 639 (22),
613 (6) 492 (32), 240 (19), 186 (16), 123 (44), 105
(100), 77 (86); Andl. Calcd. For C,.H, N, O, (760.79):

C,72.62;H,4.77, N, 3.68. Found: C, 73.02; H, 4.54;
N, 3.22%.

(2E/Z ,6E/Z)-2,6-bis((6-car boxymethyl-7-oxa-
bicyclo[2.2.1]hept-2-en-1-yl)methylene)cyclo-
hexanone (12d)

Paebrown crystals, m.p 140-142°C (ethanol); IR
(KBr) v: 3404-2800 (br. OH),1700, 1674 (CO), 1592
(C=C) cm™; 'HNMR (CDCl,) : 1.4-1.6 (m, 4H, CH,-
CH), 1.7-1.9(m, 6H, CH,CH.CH,), 2.1-2.2 (m, 2H,
CH-CH,), 2.6-2.8 (m, 4H, 2CH_,COCH), 4.3-4.5(m,
2H, CH-0), 5.8-6.0(m, 2H), 6.1-6.3 (M, 2H), 6.6 (s,
1H), 6.9 (s, 1H), 11.4, 11.9 (br.s, 2H, 20H,
excheangeablewith D,0); MS (70 eV) m/z(%): 426
(M+, 0), 382 (9), 340 (11), 312 (36), 284 (18), 204
(27), 123 (56), 66 (100), Anal. Calcd. For C,H..O,
(426.46): C, 67.59; H, 6.15. Found: C, 67.87; H,
6.34%.

(2E/Z ,6E/Z)-2,6-big((5,6-dicar boxylicanhydride-7-
oxa-bicyclo[2.2.1]hept-2-en-1-yl)methylene)cyclo-
hexanone (13)

Brown crystals; m.p 180-182°C (ethanal); IR
(KBr) v: 2933 (CH,, ,),1714, 1660 (CO), 1598
(C=C) cm?; 'HNMR (CDCl,) &: 1.6-1.9 (m, 6H,
CH,CH,CH,), 2.9-3.2(m, 4H, CH), 4.7-4.9 (m, 2H,
CH-0),5.8(d, 2H, J=8.8Hz), 6.1 (d, 2H, J=8.7
Hz), 6.8 (s, 2H); MS (70 eV) nVz (%): 450 (M*, 3),
404 (6), 378 (16), 354 (23), 262 (38), 176 (100),
136 (46), 106 (76),; Anal. Calcd. For C,H, O,
(450.39): C, 64.00; H, 4.03. Found: C, 64.19; H,
3.78%.

CONCLUSION

Inthe present investigation thermal (4+2) z Diels-
Alder reactionfor thetitle compoundswith different
dienophilesafforded dispiroderivativesand bicydlicring
systems. Microwaveheating savetimeandimprovethe
yiddsof the products. Some of the obtained products
arebiologicdly active.
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