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Abstract

Cycloaddition reactions of 2-oxo-2H-cyclohepta[b]furan derivatives participating as 87 and 4n components
respectively towards different dienes and dienophiles are described. The observed reactivity and periselectivity
have been rationalized by AM1 calculations. © 1999 Elsevier Science Ltd. All rights reserved.
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the corresponding active methylene compound, can be viewed as eiectron deficient
heptafulvenes [1-2]. In view of our current interest in the cycloaddition reactions of novel
fulvenoids [3-8], we undertook a systematic investigation to unravel the cycloaddition profile of

this conjugated 87 system with different alkenes, dienes and pentafulvenes. Yasunami and
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coworkers have earlier shown that 1a undergoes facile |
such as enamines [9-13] and enol ethers [14-16]. We have recently observed that reactions of
1a, with acyclic 1,3-dienes proceed in an [8+2] fashion yielding novel bicyclo [5.3.0] system
[17]. In the case of aryl alkenes, the addition proceeded exclusively in a [4+2] mode [18],

whereas in the case of pentafulvenes both [8+2] and [4+2] adducts were formed [19].
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We have expanded these investigations to include the furanone derived from colchicine

have expande ano \
with a view to modifying the C-ring of this important alkaloid. It is anticipated that products
derived from these studies will possess interesting biological activity.

Results and Discussion

1. Synthesis of 2-oxo-2H-cyclohepta[b [furan derivatives

3-Substituted 2-oxo0-2H-cyclohepta[b]furans 1a, b were synthesized from chlorotropone
by a procedure reported by Nozoe [20]. Similarly reaction of colchicine 2 with active methylene
compounds in the presence of sodium in dry ether/benzene as the solvent system yielded the

1 b AN T AES 2 wLidWil VAN Saiw SVL VAL

novel furan derivatives 4a, b in good yields (Scheme 1).
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4b,R= COMe, 55 %
Scheme 1
The products 4a, b were isolated as yellow solids after column chromatography. Their
[ Y S e -~ ol - o - - —— e koY 1 1 Fapl 13
structures were established by spectral analysis, including a doublet 'H NMR signal at low fiel
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typical of H- 5 of the 2-oxo-2H-cyclohepta[b]furan moiety and three resonances for carbonyl
the "C NMR spectra. The formulae were confirmed by high resolution mass spectra.

O

carbons in t

ons of 3-substituted 2-oxo-2H-cycloheptalb]furan with acyclic 1,3-

2. Cvcloaddition reactio c
J 7 1

dienes.

The reactions of 1a, b with different acyclic 1,3-dienes at 130-150 °C in a Schlenk glass
tube (S.T) sealed under argon afforded dihydroazulene derivatives in fairly good yields. The
results are summarized in Scheme 2.
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i) Toluene, S.T, Ar, 130 °C-150 °C, 14 h.
Entry Substituents [8+2] adduct Yield (%)*
1 R=COELR' =R*=H 6a 97
R?=R®=CH,
2 R=COEtR' =R*=H 6b 71
R*=CH;, R*'=Fh
3 R=COE ,R'=R’=H 6c 51
R? = CH;, R* = 4-OMeCH,
4 R=COELR =R’=H 6d 35% %
R?=R*= CH,
5 R=CO,Et,R' =R?=CH,, Ge 20% *
R’=R'=H
6 R=COCH;,R'=R*=H 6f 68
Rz = R3 = CH:;

*Yield based on unreacted 1a, b
* * The yields can be improved by changing the reaction condition to xylene, S.T, Ar, 150 °C, with

10 equivalents of diene,
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Scheme 2
Absence of the lactone absorption discernible from the IR spectra clearly indicated that

the reaction proceeded in an [8+2] pathway followed by decarboxylation. The stereo and regio
chemistry of the dihydroazulenes was ascertained from single crystal X-ray analysis of the
[4+2] adduct of 6a with maleic anhydride [17].

A similar reaction pattern was observed in cycloaddition reactions of furanones 4a, b
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i) Xylene, S.T, Ar, 190 °C, 36 h.
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R=COELR' =R*'=H Ta 74
R*=R3=CH,

[a—

2 R=COE,R'=R*=H 7b 55
R2=CH;, R*=Fh

4 R=COCH;,R'=R*=H 7d 90
R*=R*=CH,

*Yield based on unreacted 4a, b
Scheme 3

3. Cycloaddition reactions of 3-substituted 2-oxo-2H-cyclohepta[b Jfuran with dienophiles

The reaction of 2-oxo-2H-cyclohepta[b]furan 1a, b with maleimides in xylene
Schienk tube at 140 °C-150 °C afforded {4+2] adducts in very good yields (Scheme 4)

1a,b 8a,b

D Xylene, S.T, Ar, 140 °C-150 °C, 48 h.
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Entry Substituents Product (endo:exo) Yield (%0)*
1 R=COELR' =Ph 9a(l:1) 81
2 R=COELR' =H 9 (1.3:1) 61
3 R = COCH;, R' = Ph 9 ** 92
4 R=COCH;, R'=H 9d ** 69

*Yield based on unreacted 1a,b. **Trace amount of exo isomer was also formed.
Scheme 4
The IR and ’C NMR spectra of the adduct 9a showed three carbonyl absorptions. The
structure was further supported by the high resolution mass spectrum, which showed a
molecular ion peak at m/z 391.10680.
The reaction of substituted furanones with acenaphthylene in dry xylene in a Schienk
tube at 160 °C yielded [4+2] adducts in very good yields (Scheme 5). The endo and exo isomers

were separated by silica gel column using ethylacetate-hexane mixture as eluent.
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- .~ R = COEt, 11(azh, 1.2:1), 86 %
T e R=COMe, 12(a:b, 2.4:1), 74 %
i) Toluene, S.T, Ar, 160 °C, 20 h.
Scheme 5
The structures of the products were assigned on the basis of spectral analysis. The IR
: -1 -1
spectrum of 11a showed two carbonyl absorptions at 1767 cm™ and 1706 cm™ characteristic of
1

C
H NMR spectrum of 11a, the bridgehead
proton resonated at & 3.93 as a multiplet. In the ’C NMR spectrum, the characteristic signal
corresponding to the bridgehead carbon adjacent to oxygen was visible at & 87.31 and the other
bridgehead carbon resonated at & 52.86. The stereochemistry of the isomers was confirmed on
the basis of X-ray analysis of 11b [18].

lactone and ester carbonyl groups respectively. In the

4. Theoretical Considerations
In order to explain the observed reactivity and periselectivity in the above reactions, we
have carried out AMI1 calculations using PC SPARTAN Graphical Interface Package for
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Molecular Mechanics and Molecular Orbital Models. The correlation diagrams for the reaction
of ethyl 2-oxo-2H-cyclohepta[b]furan-3-carboxylate with 2,3-dimethyl- butadiene (Fig. 1), and
dienophiles(Fig. 2) are illustrated below
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Figure 1. Molecular orbital correlation diagrams of 1a and 2,3-dimethyibutadiene
From the orbital coefficients of the reactants (Fig 1), it is clear that in the case of [8+2]
addition only the interaction between the HOMO of ethyl 2-oxo-2H-cyclohepta[b]furan-3-
carboxylate and the LUMO of 2,3-dimethylbutadiene is symmetry allowed. It is also

noteworthy that the size and sign of the mteracnng orbitals are perfectly in match for the [8+2]

1 mode rather than the competing [4+2] mode. Therefore, even though energetically
slightly disfavored, the [8+2], “-ycloadditiorx is controlled by the HOMO of the ethyl 2-oxo0-2H-
cyclohepta[b]jfuran-3-carboxylate.
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Figure 2. Molecular orbital correlation diagrams of 1a with acenaphthylene and N-phenyl maleimide
In the case of [4+2] addition with acenaphthylene (Fig 2), it is clear that HOMO(1a)-

T D TS

LUMO(acenaphthylene),  HOMO(acenaphthylene)-LUMO(1a), = HOMO(acenaphthylene)-
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ong these the LUMO(la)-
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NLUMO(1a) interactions are symmetry allowed.
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carbon centers of LUMO(1a). Between the other two possible interactions, the NLUMO(1a)-
HOMO(acenaphthylene) interaction is favored because of the smaller gap between the
interacting energy levels and good match of the size of the orbital coefficients. Therefore the
[4+2] addition here is an inverse electron demand Diels-Alder reaction. It is also worthy of note

o
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that the size of orbital coefficients at the reacting carbons favors a [4+2] addition in preference
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cyciohepta[b]furan-3-carboxylate is controlled by HOMO(1a)-LUMO(N-phenyimaleimide)
interaction, which is favored both energetically and by matching of the size of the orbital
coefficients.

1

Acknowledgements' MVN and GA thank the Council of Scientific and Industrial Research,

Nl o< a wacanemale L1101 ___ L. "TL ... . PRUNUIEYS S ~< e ~AL T A2 Y. O
INCW UClIll lU a reséarcin IClowsnip. 1ne dut 10I5 UldlIK 1JD 1, UOVCI 01 1ndid, 4150 101

financial support.

Experimental details

All reactions were carried out in oven

ried glass are under argon atmosphere.

S 222 ~ =2 WAL SVt

Analytical thin layer chromatography was performed on silica gel plates. Purification by gravity

n o Anns

column chromatography was carried out using silica gei (100-200). Mixtures of ethylacetate-

hexane and chloroform-methanol were used as eluents. Melting points are uncorrected. The IR

spectra were recorded on a Nicolet impact 400D infrared spectrophotometer. NMR spectra were

recorded on Jeol Ex-90 and Bruker 300 snectronhotometer using chloroform-d as solvent. The
e .

ara given in t
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Data for compound 4a
Diethyl malonate (0.24 g, 1.5 mmol) was added to powdered sodium (0.034 g, 1.5 mmol) in dry
ether and stirred for 1 h in an ice-water bath. To the resulting solution, colchicine (0.3 g, 0.75

mmol) in dry benzene (20 mL) was added dropwise. The reaction mixture was stirred at room

LA.....,.‘._.‘J....A rxreees v nelr 22an mend silinn Aaal amaliaiaas A ..,-\.M_.-.4AM,\“L.. LY u‘,‘..,l,.,:
tc pcx dtuIc UVUIlllglll VVUll& up dild Sliiva gcl COUILIULEHED CIIOUILL lUBl d})lly \\./n\.zl3} 11UIACcuU
furanone derivative of colchicine 4a (0.216 g, 60%) as bright yeliow crystais. (m.p. 178-181

°Q).
IR (KBr): 3345, 2944, 1777, 1681, 1600, 1539, 1462, 1362, 1319, 1262, 1192, 1148, 1097,
1037, 920, 850, 798 cm™.'"H NMR: 3 8.64 (d,J=11.7 Hz, 1H), 8.44 (s, 1H), 8.14 (s, 1H), 7.82

ALV, OV O Lill i A&, 223 L2327, 2227

(d, J=11.19 Hz, 1H), 6.53 (s, 1H), 4.38 (q, J = 7.86 Hz, 2H), 3.86 (s, 6H), 3.61 (s, 3H), 2.45-

2.36 (brs, SH), 1.97 (s, 3H), 1.37 (t, ] = 7.78 Hz, 3H). >C NMR: 5 169.53, 166.16, 162.27,
156.04, 153.51, 151.30, 150.20, 149.88, 143.41, 141.56, 134.03, 126.78, 124.82, 117.13,
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114 QA 1NK £A AN T LD DT L0 A1 L& NS <1 Q0 24 QA 10 OA4 71 £0 12 1Q IITDMAC
110.74, 1U0.0%, Ou./z, Ou.2/, 37.41, 35.U5, 531.57, 30.04, £0.04, 21.U¥, 135.10. IIRIVLD
C,6Hy70sN 481.1736; Found: 481.17287.

Data for compound 4b

Ethyl acetoacetate (0.19 g, 1.5 mmol) was added to powdered sodium (0.034 g, 1.5 mmol) in
drv ather and ctirred for 1 h in an ice-water hath Toa the recenlting ealtion calehicine N3 o
ul_’ WEEEWRE CESEEVE LI AWNE EU/R l A5 Ril QU1 AWW O YYAILWwl Vduia,. AWV Uilvw LAwJwinil 15 O\IA“I..IUIA, WAJAWALIW iAW \V.J 5,

0.75 mmol) in dry benzene (20 mL) was added dropwise. The reaction mixture was stirred at
room temperature overnight. Work up and purification afforded furanone derivative of
colchicine 4b (0.185 g, 55%) as bright yellow crystals (m.p. 135-138 °C).

IR (KBr): 3312, 2935, 2861, 1742, 1654, 1593, 1539, 1458, 1324, 1092, 798, 663, 616 cm™

'"H NMR: § 9.14 (d, J = 11.76 Hz, 1H), 8.09 (s, 1H), 7.94 (d, J = 11.82 Hz, 1H), 7.60 (s, “),
6.60 (s, 1H), 3.93 (s, 6H), 3.66 (s, 3H), 2.65 (s, 3H), 2.57-2.23 (br s, SH), 2.07 (s, 3H).

BC NMR: 194.74, 170.65, 169.03, 157.72, 154.63, 151.64, 150.89, 145.71, 143.86, 141.69,
134.94, 128.88, 125.69, 118.34, 107.61, 101.88, 61.70, 61.39, 60.87, 56.16, 52.98, 37.98, 30.50,

22.76. HRMS: C,sH,;507N 451.1631; Found: 451.16477.

Data for compound 6a

A solution of ethyl 2-oxo-2H-cyclohepta[bjfuran-3-carboxylate ia (0.218 g, 1 mmol) and 2,3-
dimethylbutadiene (0.410 g, 5 mmol) in dry toluene (0.5 mlL) were sealed under argon in a
Schlenk tube and heated at 150 °C for 14 h. The reaction mixture was chromatographed on a
5111ca gel column (1% ethylacetate-hexane) to afford 6a (0. 175 , 97%) as a blood-red viscous

3() ¢ ethylacetate-hexane as the

Tax!

uid. The unreacted furanone (0.064 o\ was recovered u

M . a A3 Wil Wiend ALl LAV AW V.V WO A Wi ws A ; ward y aiwinvindsiw T an

.....

IR (film): 2972, 1686, 1540, 1449, 1400, 1260, 1156, 1053, 882, 784 cm™. '"H NMR: & 7.47 (d,
J=12.24 Hz, 1H), 6.00 (m, 4H), 4.72 (d, J = 8.97 Hz, 2H), 4.12, (q, J = 7.08 Hz, 2H), 2.53 (dd,
2H), 1.71 (s, 3H), 1.38 (s, 3H), 1.22 (t, J = 7.07 Hz, 3H). C NMR: & 166.54, 156.32, 153.20,
151.12, 133.05, 132.97, 130.92, 129.92, 129.91, 124.55, 108.70, 59.47, 51.14, 48.27, 25.66,

A N0 TIDA NEL 1A e . NEL

aYaW el 1 Q. Y rFaa £, T oo . 1T ALMNO
ZV.00, 14.0Y. I'IIVID. U 17U, 200, 14033, rounda: £50.140.20.
Data for compound 6b

Reaction of 1a (0.20 g, 0.92 mmol) with
for 6a VIP]de 6b (0.120

AV 8 LU LE 4

6b (0.120 g, 711%

g) was recovered. IR (film): 1

799, 695 cm™. "TH NMR: § 7.53 (d, J = 11 Hz, 1H), 7.15 (m, 6H), 6.
Hz, 2H), 2.65 (dd, 2H), 1.45 (s, 3H), 1.26 (t, J = 7.12 Hz, 3H). *C NMR: 5 166.02, 163.55,

157.52, 155.10, 152.51, 137.89, 137.56, 132.82, 132.73, 130.58, 129.77, 128.28, 126.67,

”

58



126.10, 125.98, 124.52, 59.09, 48.68, 47.73, 25.35, 14.16. EIMS: m/z 319 (M'+1, 9.1), 318
/et ma\ mnm caAAN A AN A e P B2 T P LN T rrY
(M, 33), 303 (100), 245 (50), 229, (87), 167 (88), 115 (82), 77 (68)

Data for compound 6¢
Reaction of 1a (0.20 g, 0.92 mmol) with Sc (0.478 g, 2.75 mmol), as described earlier for 6b

JIik UL < LL1IVL7 il Je 275

yielded 6¢ (0.112 g, 51%) as a blood-red viscous liquid. The unreacted furanone (0.078 g) was
68 740

T\, AL 1AALD 110N 1N 01

recovered. IR (film): 2961, 1680, 1598, 1516, 1453, 1245, 1169, 1037, 968, 810, 740,
'H NMR: § 7.55 (d, J = 12.29 Hz, 1H), 7.06 (m, 4H), 6.12 (m, 6H), 4.17 (q, J = 7.35 Hz, 2H),
3.80 (s, 3H), 2.66 (dd, 2H), 1.45 (s, 3H), 1.22 (t, J = 7.00 Hz, 3H). ”C NMR: § 166.11, 158.59,

155.25, 152.36, 135.50, 132.76, 130.61, 129.71, 128.55, 127.06, 125.51, 124.43, 113.78, 59.06
55.10, 48.80, 47.67, 25.47, 14.19. MS: m/z 349 (M'+1), 348 (M"), 333

Data for compound 6d

Reaction of 1a (0.202 g, 0.93 mmol) with 5d (0.304 g, 3.71 mmol), as described earlier for 6b
yielded 6d (0.051 g, 35%) as a blood-red viscous liquid. The unreacted furanone (0.076 g) was
recovered. IR (film): 2957, 2919, 1680, 1596, 1538, 1454, 1409, 1318, 1209, 1157, 1041,

0N 100 o ‘l"l’ ATR AT, N AN 3 TY_

7/, /69(.«1'1’1 .1 INIVLIK 0/4U(Q J—u4ynz lﬂ),DOJ (m on),4u(q J—/LUHZ Ll‘l),
2.53 (dd, 2H), 1.61 (d, 3H), 1.30 (s, 3H), 1.22 (t, J = 7.38 Hz, 3H). °C NMR: § 166.11, 155.43,
151.85, 138.13, 132.61, 132.40, 130.58, 129.48, 129.09, 124.05, 120.94, 58.95, 48.77, 47.40,

25.50, 17.80, 14.10. EIMS: m/z 257 (M'+1, 7), 256 (M", 35), 241 (100), 183 (40), 153 (36), 141
(75), 115 (42)

77 (15)
UG Y B

Data for compound 6e ‘

Reaction of 1a (0.218 g, 1 mmol) with Se (0.328 g, 4 mmol), as described earlier for 6b yielded
6e (0.027 g, 20%) as a blood-red viscous liquid. The unreacted furanone (0.105 g) was
recovered. IR (film): 2972, 2918, 1682, 1595, 1541, 1454, 1407, 1313, 1252, 1205, 1098,

=l T ANmMAR. S 742 /4 T - 19 17> 1IN \ 1Q 7~ _
1. HNMR: § 745 (d, J = 12 Hz, 1H), 5.95 (m, 4H), 5.20 (m, 1H),410\q,.}=

1 cIr

7.45 Hz, 2H), 3.55 (dd, 1H), 2.85 (dd, 1H), 2.30 (dd, 1H), 1.55 (m, 6H), 1.20 (t, J = 7.73 Hz,
3H). BC NMR: 8 166.62, 158.33, 154.01, 137.92, 132.88, 132.55, 130.13, 129.96, 124.50,
123.84, 118.05, 59.09, 50.26, 39.02, 14.22, 13.21, 13.09. EIMS: m/z 257 (M'+1, 13), 256 (M",

’74\ 201 (64\ 141 (1<\ 128 rmn\ 77 {1")\ 55 (zm

171 \Joy

**Alternative procedure
The yields of 6d and 6e can be improved by changing the reaction conditions to xylene, S.T. at

150 °C for 5 h. Yield of 6d = 86%, yield of 6e = 90%.
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ylelded 6f (0. 141 g, 8%) as a blood-red viscous liquid. The unreacted furanone (0.028 g) was
recovered. IR (film): 2921, 2861, 1647, 1512, 1458, 1371, 1256, 1148, 899, 771 cm™. "H NMR:
37.8(d,J=12.04 Hz, 1H), 6.1 (m, 4H), 4.9 (d, J = 7.84 Hz, 2H), 2.8 (dd, 2H), 2.2 (s, 3H), 1.9

(s, 3H), 1.5 (s, 3H). ’C NMR: & 197.17, 155.73, 151.73, 150.30, 136.73, 133.72, 132.91,

VL INNDE AAQ. s /e . LT N IVL (RAT
LU, LV.LD. VIS, /2 160118, £20 (UL ).

Data for compound 7a
A solution of 4a (0.05 g, 0.10 mmol) and 2,3-dimethylbutadiene (0.042 g, 0.52 mmol) in dry
xylene (0.5 mL) were sealed under argon in a Schlenk tube and heated at 190 °C for 36 h. The

reaction mixture was r\hrnmnfn(rranhprl a qilica oal coliimn (19 meathannl_chlarafarm) ta
AWiAWLANI AL LAiZLAAR WEAIR U ELLER! 6‘ WAL Ull “U oiliva avl NAJAVELIAALL \‘. ra 'l u.l\ltl.l“l_lul \Jlllulvlulull (A V)

afford 7a (0.028g, 74%) as a blood-red viscous liquid. The unreacted furanone (0.015 g) was
recovered.

IR (film): 3063, 2992, 2946, 1680, 1604, 1534, 1494, 1444, 1326, 1270, 1237, 1141, 1096,
1055, 737, 705 cm . '"H NMR: & 7.38 (d, J = 12.69 Hz, 1H), 6. 48 (s. 1H), 6.23 (m, 3H), 4.76

(d, J = 8.37 Hz, 2H), 4.11 (m, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3 (s 3H), 2.78-2.41 (brs, 7H),
~N N ATT 1 =7 r_ MY I\ ‘I AN £ ’11' 1. Y1 4 T ~N NS TY " ™ n\nm,eifn A1 10 N1
2.01 (s, 3H), 1.73 (s, 3H), 1.43 (s, 3H), 1.23 (t, J=7.05 H)._ BC NMR: § 169.41, 166.21,

(
155.11, 152.94, 151.63, 151.37, 151.13, 141.85, 141. 75 14142, 137.11, 134.83, 128.01,
12731, 126.80, 120.72, 108.45, 107.22, 61.41, 61.26, 59.11, 56.01, 51.50, 50.80, 38.09, 30.06,
25.57,22.94, 20.47, 14.19.

Data for compound

Reaction of 4a (0.10 g, 0.21 mmol) with 5b (0.158 g, 1.1 mmol), as described earlier for 7a
yielded 7b (0.033 g, 55%) as a blood-red viscous liquid. The unreacted furanone (0.05 g) was
recovered. IR (film): 3299, 2935, 2362, 1667, 1606, 1526, 1445,.1222, 1135, 1094 cm 1H
NMR: § 7.29 (m, 8H), 6.46-6.14 (m, 4H), 4]4(n J=17.08 Hz, 2H), 3.89 (s, 3H), 3.86 (s , 3H)

LNaVIIN, \u. \*2%y Ta3) Ve AlL, &225 27

Py i
a4l

o1l
2 16/1. ALIN I NL (o AL &N fa 21N €47+ T 7N IT> 2L 13{“‘\1\)“)

2 02 /- 211\ —c
\Uld, /I1), £.VU b, JI1), 1 JU D, JI11), l AL S VO ILL, IO U ANIVINN.

00
J.00 (D, Jﬂ}, .00~

§ 169.27, 166.04, 15438, 152.95, 151.40, 141.51, 138.12, 137.86, 137.35, 134.35, 134.13,
12837, 127.33, 126.73, 126.06, 120.76, 107.15, 61.42, 61.23, 59.11, 55.94, 51.49, 47.74, 38.16,
30.00, 25.81, 22.98, 20.58, 14.32.

-~
/

']

~ ~ o~

Reaction of 4a (0.204 g, 0.42 mmol) with 5S¢ (0.174 g, 2.12 mmol), as described earlier for 7a
yielded 7¢ (0.095 g, 48%) as a blood-red viscous liquid. The unreacted furanone (0.022 g) was
recovered. IR (film): 3299, 2942, 2854, 1694, 1600, 1533, 1492, 1445, 1404, 1351, 1330, 1243,
1142, 1094, 1040, ]HNMR 8 7.28 (m, 2H), 6.49 (c: 1H), 6.22 (m, 3H), 5.69 (d J =642 Hz,

A A A4 ANAVRAN, &P \22ky maay LAy Vikk \AR2y S22)
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1H), 4.15 (q, J = 7.58 Hz, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.82 (s, 3H), 2.74-2.45 (brs., 7H),

1.97 (s,3H), 1.68 (s, 3H), 1.35 (s,3H), 1.27 (1, J = 6.96 Hz, 3H). °C NMR: 5 169.28, 167.78,
166.51, 166.10, 154.52, 152.65, 151.08, 141.12, 138.13, 136.85, 134.61, 134.43, 127.67,

127.02, 126.57, 120.95, 120.50, 106 .94, 61.16, 61.02, 55.76, 51.22, 50.13, 49.47, 47.12, 37 80,
29.78, 25.72,22.70, 17.73, 14.02

Deacpgn af4dh (0 020 o 0O NORAE mmal) with &a (N NE o DAY mmnl) ac dAacerihad aarliar far
AN AVIL UL W \U.UJJ' 5, v, vowv llull\ll! YYiLll 6R \VnuJU 5’ AV I BN ) llll.llUl,, AY UvOoviIUvUVW Wil ilwl 1Vl
- S 13 1m0 e ONo/N 11 1 1 T 3 n 1- \
/a2 Yiclaca /a (V.U2a3o g, JU%) aS a DI00Q- TCd VISCOUS llqulﬂ I'ne unreactea Iuranone V.Ul g)

was recovered. IR (film): 3272, 2942, 2854, 1661, 1600, 1492, 1431, 1404, 1324, 1243, 1121
724 cm'. 'H NMR: 7.70-7.06 (m, 4H), 6.27 (s, 1H), 4.89 (d, J= 5.89 Hz, 2H), 3.90 (s, 3H), 3.89
(s, 3H), 3.81 (s, 3H), 2.86-2.39 (brs, 7H), 2.30 (s, 3H), 2.03 (s, 3H), 1.77 (s, 3H), 1.64 (s, 3H).
13C NMR: 5 197.66, 169.47, 155.44, 153.11, 151.15, 141.53, 139.27, 138.67, 136.24, 135.25,

[ £

1 11N N" 1N~ ME 1N Y2 £ 1 A[ [e) b ]
08, 51.61,

190 1717 170 N0 1799 N7 1107 £1 1L €
O, 1£20.00, 1£40.Ud, 144.UD, 110.41, 11V U/, 1V/. /2, 1VU/.45, V1.40, 01.50, 00

Data for compound 9a
Ethyl 2-ox0-2H-cyclol

phenylmaleimide (0.26 g, 1.5 mmol) in dry xylene (0.5 mL)
Schlenk tube and heated at 140-150 °C for 48 h. The reaction mixture was chromatographed on
silica gel column. Elution with 50% ethylacetate-hexane afforded 9a (0.25 g, 81%) as a mixture
of endo and exo isomers. The unreacted furanone (0.044 g) was recovered.

IR (KBr): 3063, 2969, 2348, 1782, 1715, 1634, 1492, 1398, 1200, 1050, 757 cm . '"H NMR: &

clo
o)

-
l|
Il

]

13 -~
utiuvi a|5U11 il a

TAQ fvrv AT 7727 fm» SHY 718 (m 2FN Q7 ¢+ T =941 H-» lm Kﬁoff T—Q<1 H-> 1H)
247\, 011y, /.27 i, 211y, /.13 \U1l, 211, .77 (i, v 6.41 1Z, 111), U.UF (i, 6.J1 11Z, i1y,

-~ AT TN ~ s -~ TN 4 N rd Vel B 5% ]?n A TR AW [aJ
6.59 (m ll‘l), 6.35 (m ZH), 4.33 (m 411), 4.11 (m .jl‘l), /{m, 3H), 1.3 (m, 6H). U NMK: o

176.15, 175.76, 173.64, 172.56, 167.83, 166.55, 163.16, 161.39, 148.40, 147.79, 133.03,

132.00, 131.12, 130.25, 129.77, 129.74, 127.69, 127.58, 122.85, 122.05, 116.41, 114.62, 85.66,

84.95, 61.90, 61.87, 48.80, 48.66, 45.54, 44.07, 39.01, 38.09, 14.43, 14.39. HRMS calcd for
1

nm 1N550 faund 201
71,

CH N
\./2211”\.1()1‘ uvi . 1vJJ7, 10unl

Data for compound 9b
Reaction of 1a (0.218 g, 0.21 mmol) with maleimide (0.15 g, 1.5 mmol), as described earlier for

9a yielded 9b (0.15 g, 61%) as a mixture of endo and exo isomers. The unreacted furanone
(0.047 g) was recovered. IR (KBr): 3258, 3076, 2962, 2854, 2780, 1775, 1721, 1627, 1479,

\AhiSL J. ST,

s
1 7
/

&/
, 1404, 1351, 1256, 1050, 811 om ™. 'H NMR: 5 9.51 (s, 1H), 9.18 (s, 1H), 7.28 (m, 2H),
7.03 (t, J = 8.84 Hz, 1H), 6.81 (t, J = 8.55 Hz, 1H), 6.53 (m, 2H), 6.23 (m, 2H), 4.37 (m, 4H),
4.05 (m, 3H), 3.53 (m, 3H), 1.38 (m, 6H). '°C NMR: 5 176.61, 176.17, 173.77, 173.66, 165.84,
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165.05, 164.78, 162.80, 161.05, 160.84, 146.88, 145.74, 133.26, 132.49, 132.36, 130.06,
17982 17708 1158977 112385 R4 64 R4 05 6177 6177 AR KL AR D1 AK 16 44 46 17 19
lﬁ“.u‘-’ luu‘vu, ISJ.H&, P O S UJ, UW.\I", A% o ¢ \IJ) AV N RN ” AV D § I‘-, ‘ru.vv, —Tv“ﬂl’ TJ-‘.\I, —r‘r.w, - i .JJ’
DL OA 14 14 TYDL A 1 _ 1 0. 7 Y f\\Y/\m=’}1£’l\’7"\O Lo 31 E NANSL

20.04, 14.14. NKIivd CA 105 U 6l113UUgIN UVI ) 210.V/7/440, 10URU 215.V/420

Data for compound 9¢

Reaction of 1b (0.2 g, 1.1 mmol) with N-phenylmaleimide (0.25 g, 1.5 mmol), as described
earlier for 9a ylelded 9¢ (0.323 g, 92%) as an endo isomer (m.p. 110-113 °C) with a trace

Q N17 o) wae racaverad TR (KR ‘lﬂAA 701

o O Nt s nnao {

L ) ul.l.lba\alh LAlLIVILI \ L s} WCI.D u.,uuv uu FELN \L\.IJ]) , LJLJ
1768, 1710, 1682, 1610, 1581, 1509, 1386, 1300, 1242 cm . 'H NMR: & 7.48 (m, 4H), 7.12 (d,
J = 6.84 Hz, 2H), 6.98 (m, 1H), 6.66 (m, 1H), 6.35 (m, 1H), 420(m 1H), 4.01 (d, J = 9.80 Hz,
1H), 3.7

79 (m, 1H), 2.48 (s, 3H). C NMR: § 193.95, 174.85, 172.87, 169.00, 161 85, 148.07,
1

133.93, ;32.05, 128.94, 12863, 126.71, 122.33, 112,14, 85.07, 47.97, 43.14, 37.62, 2924
LIDNAC nolad £ae . IT AN AL 241 NOEN2 £riind 241 NOAN
TINIVID CaiCa 10T L1k11sUsIN (UVE )1 J01.UFOUS, 101d 5061.U74.2U.

Data for compound 9d
Reaction of 1b (0.1 g, 0.53 mmol) with maleimide (0.077 g, 0.79 mmol), as described earlier

for 9a yielded 9d (0.063 g, 69%) as an endo isomer (m.p. 180-183 °C) with a trace amount of
n) was recovered. IR (KRr} 3184 ')Qﬂ') 1769 1715 §

xo0 isomer. The un d furanone (0.04 g) was recovered. IR (KBr): 3184, 2962, 1 15
1674, 1600, 1573, 1398, 1344, 1283, 1189, 1108, 825 cm™. 'H NMR: & 10.3 (s, 1H), 7.19 (m,
2H), 6.81 (m, 1H), 6.14 (m, 1H), 3.97 (m, 1H), 3.74 (d, ] = 9.87 Hz, 1H), 3.55 (m, 1H), 2.36 (s,
3H). '*C NMR: & 194.06, 176.44, 174.54, 169.33, 165.31, 162.23, 148.02, 133.97, 131.86,
122.24, 84,98, 48.48, 44.41, 37.85, 29.26. Analysis calcd. for C;sH;,OsN: C 63.16%, H 3.89%;
N 4.91, found: C 63.22%, H3.97%, N 4.93 %

Data for compounds 11a and 11b
Ethyl 2-oxo-2H-cyclohepta[b]furan-3-carboxylate 1a (0.109 g,0.5 mmol) and acenaphthylene

(0.22 g, 1.5 mmol) in dry toluene (0.5 mL) were sealed under argon in a Schlenk tube and

heated at 160 °C for 20 h. The reaction mixture was chromatoeraphed on silica gel column
Ie iromatographed on siiica gel column.

Ll oo il £0/ adhodaant Eaedad 112 (N NEQ 5 AT and 11k (0 OAE o 2004\ ac

Elution with 5% ethylacetate-hexane afforded 11a (0.058 g, 47%) and 11b (0.046 g, 39%)

colouriess solids. The products were crystailized from dichioromethane-hexane as colouriess
crystals, m.p. 144-147 °C and 188-190 °C, respectively. The unreacted furanone (0.036 g) was
recovered.

Endo adduct 11a IR (KBr): 2355,

4 EEA N

NMR: & 7.48 (m, 8H), 5.95 (m, 1H), 5.79 (d, J = 8.79 Hz, 1H), 4.42 (q, J = 7.08 Hz, 2H), 4.18
(d, J =17.73 Hz, 1H), 4.07 (t, J = 7.90 Hz, 1H), 3.93 (m, 1H), 143 (t, J =7
NMR: & 168.11, 168.04, 161.52, 149.27, 144 .81, 141.32, 140.67,131.28, 130.91, 129.74,

128.26, 127.51, 123.93, 123.57, 123.46, 121.34, 118.27, 112.67, 8731, 61.40, 52.86,
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47.84,42.72, 14.17. Analysis calcd. for C;4H;304: C 77.82%, H 4.89%; found: C 77.83%, H
4 80%.

Exo adduct 11b [18]

Data for compounds 12a and 12b
Reaction of 1b (0.1 g, 0.53 mmol) with acenaphthylene (0.12 g, 0.79 mmol), as described
0. 22

1
021 g,

earlier for 11a & 11b yielded 12a (0.049 g, 52%) and 12b ( , 22%) as colourless solids.
Tha nradncte wera orvetallizad fram dies ]nrnmnl-knnn_lﬁn na aa snlanrlace Aruygtale m n 12’7_
1Ry i.ll VUUWVLY YYwiliw Wil YOLALIIZAAL 11 VL ulvilTul vV uliialivTiivAaAgliv A, UlUul FL"AN) \.l_yawua, 11 l.l 1J7
1T AN QOrY ___ 1 1™m™m 10N 1 II\I\‘n N 1

140 °C and 177-180 °C, respectively. The unreacted furanone (0.048 g) was recovered.

Endo adduct 12a IR (KBr): 2341, 1753, 1683, 1608, 1517, 1489, 1404, 1360, 1250, 1020, 783
cm”. '"H NMR: § 7.51 (m, 8H), 5.78 (m, 1H), 5.62 (d, J = 8.73 Hz, 1H), 4.02 (d, J = 7.50 Hz,
IH\ ’%QZ“ J=7.56 Hz, 1H) 379(m 1H), 2.52 (c. 3H). 13(‘NT\_/‘TR 819540 170.34, 167.85,

EEA T Y 2220 2229 242/ L& <2232/ CiVIIN,

150.75, 14490, 141.45, 140.43, 131.39, 131.08, 129.34, 128.32, 127.78, 124.07, 123.67,
123.07, 121.85, 118.40, 118.02, 87.66, 53.08, 47.94, 43.22, 30.50. HRMS calcd for C,3H;603
(M"): 340.10995, found 340.10998.

Exo adduct 12b
IR (KRr) 2371. 1756

AN (AW BIL Jo LT T dy,

, 1361, 1294, 1249, 1200, .
NMR: § 7.53 (m, 6H), 7.25 (4, H), 7.15 (m, 1H), 5.92 (m, 1H), 5.77 (d, J = 8.72
Hz, 1H), 4.16 (d, J = 7.63 Hz, 1H), 4.06 (m, 1H), 3.89 (m, 1H), 2.65 (s, 3H). °C NMR: &
194.56, 170.38, 167.98, 150.68, 145.19, 141.72, 140.70, 133.75, 131.95, 128.70, 127.88,

127.72, 124.40, 124.06, 122.34, 120.50, 118.66, 118.58, 88.42, 53.48, 48.36, 43.62, 30.78.

Analucic calod far C-_H. O (7 Q1 160, H A 7404 foaund- (7 RN AR, T § 1104 HRAAQ r~alad
mxal_yaxo VaivAL., lUl \/lj.lll() j “w UlL.1V /U, 1} .77V /U, LUULIU. \.J OvV.,.Vo /U, 11 J.11 /0. LUNIVILY valvua
o IalR S a2 Y o YV Tak Nate 1s TG 13ANn 1 NANANO
101 UasziideUs ). 24V, 1U¥Y), TOUNA J4V.1VU798.
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