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Abstract : Dimethyl-4,5-bis(bromomethylene)furan-2,3-dioate 2, generated "in situ" from the tetrabromo compound 1 and
sodium iodide, was condensed with unsymmetrical quinones 7c-e , 10 and the 2- or 3-bromo naphthoquinones 8 or 9.
Starting from the latter, the cycloadditions were found more regioselective than from the non brominated quinones.
Assignment of the regioisomers was made by 2D 'H-13C HMQC and HMBC techniques performed on 12d, 11e and 12e.
Calculations of HOMO and LLUMO energies and the orbital coefficients by the semiempirical AM1 method indicate that 2
can be characterized as a rather neutral non polarized dienc.

The uscfulness ol o-quinodimethane derivatives in the Diels-Alder synthesis of polycyclic aromatic
compounds has been well established.! Investigations in the ficld of their heterocyclic analogues received a
recent attention.2 [n a previous communication, we reported the "in situ” gencration of dimethyl-4,5-bis
(bromomethylene)furan-2,3-dioate 2 in the presence of sodium iodide. [4+2] Cycloadditions of 2 towards
symmetrical dienophiles such as maleimides 3 and benzoquinones 5 yielded the aromatized compounds 4 and
63 (Scheme 1).
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In order to obtain some tetracyclic furoquinones of biological interest, we used naphthoquinone and
naphthazarine as dienophiles. Thus, 7a and 7b gave similarly in the presence of 2 the aromatized adducts 11a
and 11b (Scheme 2 and Table 1). We describe, in this paper, condensations of this furan o-quinodimethane 2

with the unsymmetrical quinones 7, 8, 9 and 10 and then, discuss the regiochemistry of the cycloadditions.
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RESULTS AND DISCUSSION

Starting from the 5-substituted naphthoqutnones 7c-e, a mixture of the regioisomeric anthra[2,3-
bifuran-5,10-diones 11 and 12 was obtained (Table 1). The cycloadditions were more regioselective with
methyljugione 7 e than with juglone 7¢ or its acetyl derivative 7d (entries 3-5). The poor regioselectivity
observed with 7 ¢ and the wrong 1,6- regioisomers (12d and I 2e) obtained as the major products from 7d and
7 e respectively, are in contrast with high regioselectivitics generally induced by the presence of the activating
peri-OH substitucnt and the known directing opposite effect of the donors groups (OAc, OMe) in the
corresponding naphthoquinones.?

In order to obtain a better regioselectivity, we turned our attention to the use of bromoquinones 8 and 9
tor which it was previously reported that the electron rich end of azadienes adds exclusively at the unsubstituted

carbon atom of thesc dienophiles. 3¢ The reactivity of the latter towards o-quinodimethane 2 was found
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comparable to that of juglone 7¢ or its derivatives 7d, 7e. Concerning the regiochemistry observed, the

cycloadditions were more regiosclective with the bromoquinones. Thus, with 2-bromonaphthoquinones 8, the

1,6- regioisomers 1 1 were obtained as the major products (entries 6-8) while the 1,9- ones 12 were formed in

higher amounts from 9 (entrics 9-11). Lastly, the Dicls-Alder reaction of 2 and isoquinoline-5,8-dione 10 gave

a mixture of the regiotsomers 1,7- and 1.8- (entry 12).

Table 1. Cycloadditons of the turan o-quinodimethane 2 with quinones 7-10.

Entry Starting Nal (cq.) Conditions Compounds Yield Ratioof 11/12
quinonc [%] (1,6-/1,9-)
1 7a 5 3h, 70°C Ila 64
2 7b 5 2h, 60°C 11b 72
3 7c 5 2.5h,55°C Ilc+12c¢ 80 44/ 56
4 7d 5 2.5h,55°C 11d + 12d 60 38/62
5 Te 5 2.5h,55°C Ile+12e 60 23177
6 8c 6 2.5h,55°C Ile+12¢ 72 80 /20
7 8d 6 2.5h.55°C 1id+12d 72 75125
8e 6 2.5h,55°C Ile+ 12e 58 73127
9 9¢ 6 2.5h, 55°C Ile+12c 82 12/88
10 9d 6 2.5h,55°C 11d +12d 59 16 /84
11 9e 6 2.5h.55°C Ile+12e 76 12788
12 10 5 1h, 60°C 13+14 60 46 and 54

The regioisomers 1 1 and 1 2 are differentiated by the 'H NMR chemical shifts of H-4 and H-11 (Table

2)

Tabic 2. 'H NMR chemical shifts (300 MHz, CDCl3. & ppm) of H-4 and H-11 for compounds 11 and 12

1,6- Regioisomer H-4 H-11 1.9- Regioisomer H-4 H-11
lle 8.97 8.51 12¢ 8.93 8.53
11d 8.85 8.46 12d 8.89 8.42
Ile 8.89 8.42 12e 8.86 8.49

Assignment of the structure for the regioisomers 1,6- and 1,9- was made by 2D H-13C NMR HMQC
and HMBC correlations performed on samples containing more than 95 % of 12d, 11e and 12e respectively.

These techniques permit to correlate the protons with the carbon atoms through the 1J, 2J, 3J and 4J I1H-13C

couplings. 'J Couplings werce confirmed by the HMQC method while long range couplings were identified by

HMBC correlations for which 3J values are larger than 2J or 4J in aromatic compounds. As an example, we

report in Table 3 these spectral data for 12d. Thus, the two 3J couplings of C-5 with H-4 and H-6, on one

hand, and the 3J coupling between C-3 and H-4, on the other hand, allow 1o assign the position of the acetoxyt
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group al C-9. In the hypothesis of an opposite 1,6- regioisomer, C-5 would present a 3J corretation only with
H-4 while C-10 would have a second one with H-9. Then, compound 1 1d was assigned as a 1,6- regioisomer.

Furthermore, these NMR correlations applied to 1 Te and 12e agree with 1,6- and 1,9- structures respectively.

Table 3. 2D 'H-13C NMR HMQC and HMBC correlations for compound 12d (CDCl3, 8 ppm)

Position  'H (300 MHz) 13C(75MHz) HMQC 1J HMBC (C-H couplings)

1 2 4 4
2 149.8 - - - - -
3 - 118 - - - H-4 -
3a - 129.78 - . - H-11 -
4 8.89 123.7 H-4 H-4 - - H-11
4 129.77 - - - H-11 -
5 - 181.3 - - - H-4 H-11

H-6

- 135.2 - - - H-7 -
6 834 126 H-6 H-6 H-7 H-8 -
7 7.83 135.1 H-7 H-7 - - -
8 7.45 130 H-8 H-8 H-7 H-6 -
9 - 150.3 - - H-8 H-7 -
9a - 125.1 - - H-8 H-6 H-7
10 - 180.6 - - - H-11 H-4
10a - 133.8 - - - H-4 H-11
1 8.42 111.5 H-11 H-11 - - H-4
l1la - 156.3 - - H-11 H-4 -

Treatment of the acetate 12d with 10 % KOH in ethanol gave the corresponding hydroxylated derivative.
The 'H-NMR spectrum of this compound is identical with that of 12¢. Therefore, 11¢ and 12¢ are assigned to
be 1,6- and 1,9- regioisomers. A poor regioselectivity was also observed in the cycloaddition of 2 with
1isoquinoline-5,8-dione. In this case, the regioisomeric 1,7- and 1,8- structures are not demonstrated.

In order to better characterize the behavior of o-quinodimethane 2 in cycloaddition reactions, we
calculated HOMO and LUMO cnergies by the scmiempirical AM1 method”? for the more stable (E, Z)
configuration (Table 4). Comparison of the HOMO and LUMO values of 2 (-9.317 and -1.662 respectively)
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with those of buta-1.3-diene (HOMO = -9.335 and LUMO = 0.464) and 1-methoxybuta-1,3-diene (HOMO =
-8.716 and LUMO = 0.499) indicate that 2 can be rather considered as an electron neutral diene. Calculations of
the orbital coefficients at the ends of 2 suggest that its reactions with unsymmetrical and polarized dienophiles
should not be higly regioselective. Calculations by the same method of the orbital coefficients for
bromonaphthoquinones 8 and 9 show that the larger values are located on the unsubstituted carbon atoms C-3
and C-2 respectively of the corresponding quinones with an exception for 9e (Table 4). Lastly, the
regiochemistry observed in the cycloadditions of 2 and 8 or 9 agrees with that predicted from the orbital

cocflicient values.

Table 4. Orbital cocfticients of o-quinodimethane 2 and unsymmetrical naphthoquinones 7, 8, 9

Compound Formula
2 Br
0443 X O X _

041 X
Br 2
Naphthoguinone c-2 C-3
T¢ S-hydroxy- (syn) 0.341 (0.35)* 0.331 (0.32)*
7d S-aceloxy-~ 0.326 0.335
Te S-methoxy- 0.32 (0.31)" 0.33 (0.33)"
8c 2-bromo-5-hydroxy- 0.334 0.368
8d 2-bromo-5-acetoxy- (0.335 0.351
8e 2-bromo-5-methoxy- 0.340 0.358
9¢ 3-bromo-5-hydroxy 0.377 0.357
9d 3-bromo-5-acctoxy 0.381 0.350
9e 3-bromo-5-methoxy 0.353 0.356

“Values in the brackets were previously caleulated by the SEC STO-3G method.®
CONCLUSION

This work describes useful [4+2] cycloadditions ol a furan o-quinodimethane (2) generated "in situ”
with unsymmetrical quinones to afford anthrafuran-5,10-diones. The use of 2- or 3-bromonaphthoquinones
amcliorates the regiosclectivity of the reactions. The structures of the corresponding 1,6- and 1,9-regioisomers
are assigned by high resolution NMR techniques. Semiempirical calculations explain the weak regiochemistry or

the lack of regiospecificity observed with 2 and quinones 7 or 8 and 9.
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EXPERIMENTAL SECTION

IR spectra were obtained on a Perkin-Elmer 1310 spectrophotometer. Elemental analyses were
performed at the Service Central de Microanalyse du CNRS (Solaize, France). Melting points were determined
with a Kotler apparatus. Thin-layer chromatographic analyses (TLC) were performed on silica gel 60 F2s54 on
aluminum sheets (Merck). Column chromatography is carried out with Matrex Amicon (60 A, 35-70 pm) silica
wel.

IH and 13C-NMR spectra were recorded on a Bruker AM 300 with tetramethylsilane as an internal
standard. For carrying out 2D TH-13C HMBC spectra, 5 mg of compounds 12d, 11e or 12e were dissolved at
room temperature 1n 0.5 ml of CDCl3. The HMBC and HMQC techniques were performed with gradients
selection ¥ which give very clean 2D matrix without any Ty noise. The J filter and the transfer time for long
range couphng were fixed respectively to 3.12 ms and 60 ms. The acquisition parameters were : AQ = 0.622 s,
SW2 =822 Hz, SWI = 5554 NE = 512, NS = 32 Hy. rclaxation delay Dy = 1.4 s. Prior 10 the FFT, the signal
was welghted by a none shifted sinbell in the two dimensions. The size of the final matrix was k. 1k.

The energies and coellicients of the molecular trontier orbitals were calculated from MOPAC of SYBYL
program on an [BM Risk 6000 workstaton.

The preparation of dimethyl-4,5-bis(dibromomethyl)furan-2,3-dioate 1 was previously described.? 2-
Bromo- S-hydronynaphthoquinone 7 ¢ and 2-bromo-S-acetoxynaphthoquinone 7d were prepared according 10
Grunwell et al. 10 2-Bromo-5-hydroxynaphthoquinone 8¢ was obtained by treating juglone with bromine in
glacial accuc acid. ! By this method 13 % of the 2-bromo derivative 7 ¢ was also formed which was eliminated
by recryvstaltization {rom acetone. Acetylation and methvlationof 7 ¢ and 8 ¢ was performed as described for 6d

and 6e. 2 The melung pomnts of 7 and 8 arc idenucal with the values reported in the literature. 13,14

6-Ethyl-2,3-dimethoxycarbonyl furo[2,3-flisoindol-6H-5,7-dione 4b

m.p. 103°C (AcOEL); vield : 35 % ;IR (KBr) v 1775 (COy), 1740 (CO), 1710 (CO) em-l; TH-NMR
(CDCI3, 300 MHz) 0 ppri 848 (s, |H, H-4), 8.02 («. IH, H-8), 4.06 (s, 6H, 2 COOCH3), 3.80 (g, 2H,
I=7.2 Hz, CHoCHz) 131 (10 3H, J=7.2 Hyo CH2CHR). Anal. Caled for CigH3NO7, 0.1 H2O = C, 57.69
H.3.99 1 N 4.20. Found © C, 57.41 1 H, 3.85 { N, 4.24,

2,3-Dimethoxycarbonyl-6-phenyl fureo|2,3-f|isoindol-6H-5,7-dione 4c¢

m.p. 163°C (AcOE): vield : 58 7 - IR (KBr) 1775 (CO), 1755 (CO), 1720 (CO) ¢m-!; TH-NMR
(CDClz, 300 MHz) o ppm 8.58 (5, 1H. H-4), 8.13 (s, 1H, H-8), 7.50 (m, 5H, H aromat.), 4.10 (s, 6H, 2
COOCH3). Anal. Caled tor CagH3NO7 - C.63.32 1 H. 3.45 : N.3.69. Found : C, 63.28 ; H, 3.63 ; N, 3.90.

6.7-Dimethoxy-2,3-dimethoxycarbonyl naphtho|2,3-6|furan-5,8-dione 6b

m.p. 164°C (AcOE; yvield : 62 % IR (KBr) v 1750 (CO), 1725 (CO), 1630 (CO) cm!; IH-NMR
(CDCl3. 300 MHz) & ppm 8.65 (s, 1H. H-4). 8.24 (s. 1H, H-9). 4.15 (s, 3H, OCH3), 4.14 (s, 3H, OCHj3),
4.05 (s, 3H. COOCH3). 4.04 (s. 3H, COOCH3). Anal. Caled for CigH 1409, 0.4 HpO : C, 56.66 ; H, 3.91.
Found : C, 56.55 ; H. 3.65.
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General procedure for cycloadditions of o-quinodimethane 2 with quinones 7, 8, 9 and 10

A solution of the tetrabromo derivative 1 ( 0.316 g, 0.6 mmol) in DMF (2 ml) was slowly added under
stirring to a solution, previously heated at 55°C, of the corresponding quinone (0.5 mmol) and Nal (5 eq. for
quinones 7 and 10 or 6 cq. for 8 and 9) in 3 ml of DMF. Stirring and heating were maintained for a variable
time, the evolution of the reaction being followed by TLC. After the usual work-up, the tetracyclic quinones

were recrystallized from an appropriate solvent.

2,3-Dimethoxycarbonyl anthra|2,3-b|furan-5,10-dione 11la

m.p. 207°C (AcOE); IR (KBr) v 1740, 1715, 1680 cm!: TH-NMR (CDCl3, 300 MHz) & ppm 8.94 (s,
1H. H-4), 852 (s, IH, H-11), 837 (m, 2H, H-7 and H-8), 7.85 (m, 2H, H-6 and H-9), 4.09 (s, 3H,
COQCH3), 4.08 (s, 3H, COOCH3). Anal. Caled for CaoH 207 : C, 65.93 ; H, 3.32. Found : C, 65.59 ; H,
3.37.

6,9-Dihydroxy-2,3-dimethoxycarbonyl anthra(2,3-b|furan-5§,10-dione 11b

m.p. 222°C (DMF); IR (KBr) v 1740, 1715, 1630 cm-!; }H-NMR (CDCl3, 300 MHz) & ppm 12.96 (s,
IH. OH). 12.88 (s, 1H, OH), 8.99 (s, 1H, H-4), 8.56 (s, 1H, H-11), 7.35 (s, 2H, H-7 and H-8), 4.09 (s,
3H, COOCH3), 4.08 (s, 3H, COOCH3). Anal. Caled for CooH 1209, 0.5 HyO : C, 59.26 ; H, 3.23. Found : C,
59.05 ; H, 3.00.

2,3-Dimethoxycarbonyl-6 (and 9)-hydroxy anthral2,3-b|furan-5,10-diones 11¢ and 12¢

IR (KBr) v 1740, 1670, 1640 cm-!; TH-NMR (CDCl3, 300 MHz) & ppm : 11¢ (1,6-regioisomer) 12.69
(s, IH, OH-6), 8.97 (s. IH. H-4). 851 (s, 1H, H-11), 7.91 (d, 1H, J=7.0, H-9), 7.73 (dd, 1H, J=7.0, H-8),
7.35(d, IH, J=7.0, H-7), 4.09 (s, 3H, COOCH3), 4.08 (s, 3H. COOCHz); 12¢ (1,9-regioisomer) 12.60 (s,
1H, OH-9), 8.93 (s, 1H, H-4), 8.53 (s. IH, H-11), 7.91 (d, IH, J=7.0, H-6), 7.73 (dd, 1H, J=7.0, H-7),
7.35(d, 1H, J=7.0, H-8). 4.09 (s, 3H, COOCHS3), 4.08 (s, 3H, COOCH3s). Anal. Calcd for CpoH 208, 0.15
H>O : C.62.72 ; H, 3.23. Found : C, 62.55 ; H, 2.92.

6 (and 9)-Acetoxy-2,3-dimethoxycarbonyl anthra|2,3-b|furan-5,10-diones 11d and 12d

IR (KBr) v 1760. 1740, 1680 cm-!; TH-NMR (CDCl3, 300 MHz) & ppm : 11d (1,6-regioisomer) 8.85
(s, TH, H-4), 8.46 (s, 1H, H-11), 833 (d, 1H, J=8.0, H-9), 7.82 (dd, 1H, J=8.0, H-8), 7.44 (d, 1H, J=8.0,
H-7), 4.07 (s, 3H, COOCH3-2), 4.06 (s, 3H, COOCH3-3), 2.52 s, 3H, OCOCH3-6). 12d (1,9-regioisomer)
8.89 (s, IH, H-4), 842 (s, TH. H-11), 8.34 (d, 1H, J=8.0, H-6), 7.83 (dd, 1H, J=8.0, H-7), 7.45 (d, 1H,
J=8.0, H-8), 4.07 (s, 3H, COOCH3-2), 4.06 (s, 3H, COOCH3-3), 2.52 (s, 3H, OCOCH3-9); 13C-NMR
(CDCl3, 75 MHz) 8 ppm : 181.3 (CO-5), 180.6 (C-10), 169.5 (OCOCH3-9), 161.43 (COOCH3-2), 1583
(COOCHS3-3), 156.3 (C-11a), 150.3 (C-9), 1498 (C-2), 135.2 (C-5a), 135.1 (C-5), 133.8 (C-10a), 130.0 (C-
8), 129.78 (C-3a), 129:77 (C-4u), 126.0 (C-6), 125.1 (C-9a), 123.7 (C-4), 118.0 (C-3), 111. 5(C-11), 53.4
(COOCH3-2), 52.92 (COOCH3-3), 21.11 (OCOCH3-9). Anal. Caled for C22H 1409, 0.2 H2O : C, 62.03 ; H,
3.40. Found : C, 61.93 : H, 3.42.

6 (and 9)-Methoxy-2,3-dimethoxycarbonyl anthra|2,3-6|furan-5,10-diones 1le and 12e
IR (KBr) v 1750, 1730, 1675 cm-1; IH-NMR (CDCl3, 300 MHz) ppm : 11le (1,6-regioisomer) 8.89
(s, 1H, H-4), 8.42 (s, 1H, H-11), 8.02 (d, 1H, J=8.0, H-9), 7.76 (dd, IH, J=8.0, H-8), 7.39 (d, IH, I=8.0,
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H-7), 4.07 (s, 6H, 2 COOCH3), 4.06 (s, 3H, OCH3-6); 13C-NMR (CDCl3, 75 MHz) & ppm : 182.69 (C-10),
181.59 (C-5), 161.57 (COOCH3-2), 160.67 (C-6), 158.54 (COOCH3-3), 155.84 (C-11a), 149.76 (C-2),
135.98 (C-9a), 135.2 (C-8), 132.4 (C-10a), 132.21 (C-3a), 130.08 (C-4a), 124.05 (C-4), 121.69 (C-5a),
120.03 (C-9), 118.3 (C-7), 118.28 (C-3), 110.7 (C-11), 56.62 (6-OCH3), 53,37 (COOCH3-2), 52.83
(COOCH3-3). 12e (1,9-regioisomer) : 8.86 (s, 1H, H-4), 8.49 (s, 1H, H-11), 8.02 (d, 1H, J=8.0, H-6), 7.72
(dd. 1H. J=8.0, H-7), 7.35 (d, 1H, J=8.0, H-8), 4.07 (s, 6H, 2 COOCH3), 4.06 (s, 3H, OCH3); I3C-NMR
(CDCl3, 75 MHz) & ppm : 182.46 (C-5), 181.33 (C-10), 161.64 (COOCH3-2), 160.61 (C-9), 158.41
(COOCH3-3), 156.54 (C-11a), 149.45 (C-2), 135.8 (C-5a), 135.4 (C-7), 135.02 (C-10a), 129.7 (C-3a),
129.24 (C-4a), 123.37 (C-4), 121.66 (C-92), 120.1 (C-6), 118.3 (C-3), 118. 26 (C-8), 111.56 (C-11), 56.6
(OCH3-6), 53,37 (COOCH3-2), 52.93 (COOCH3-3). Anal. Caled for C2jH 1408, 0.5 H20 : C, 62.53 ; H,
3.74. Found : C, 62.23 ; H, 3.35.

2,3-Dimethoxycarbonyl-7 (and 8)-azaanthra|2,3-b|furan-5,10-diones 13 and 14

m.p. 158°C (AcOEU); IR (KBr) v 1755, 1735, 1680 c¢m!; H-NMR (CDCl3, 300 MHz) & ppm :
13+ 14 (1,7-and 1.8-regioisomers) 9.64 (s, 1H, H-6 or H-9), 9.62 (s, 1H, H-6 or H-9), 9.15 (d, 2H, J=5.0
Hz, H-7 and H-8), 898 (s, 1H, H-4), 8.96 (s, 1H, H-4), 8.54 (s, 1H, H-11), 8.52 (s, 1H, H-11), 813 (m,
2H, H-6 and H-9), 4.09 (s, 12H, 4 COOCH3). Anal. Calcd for CjgH[NO7, 0.3 H2O : C, 61.57 ; H, 3.15 ;
N, 3.77. Found : C, 61.58 : H, 3.04 ; N, 3.75.

Acknowledgements : We thank Université Claude Bernard for a help on NMR program.
REFERENCES AND NOTES

1. Martin, N.; Seoanc, C.; Hanack, M., Org. Prep. Proced. Int., 1991, 23, 239-272.

2. Chou, T. S., Rev. Heteroat. Chem., 1993, 8, 65-104.

3. Al Hariri, M.; Pautet, F.; Fitlion, Svaletr, 1994, 459-460.

4. Kelly, T. R.; Gillard, J. W.: Goerner, R. N. Jr.; Lyding, J. M., J. Am. Chem. Soc., 1977, 99, 5513-
5514 and references cited therein.

5. Bouammali, B. Pautet, F.; Fillion, H., Tetrahedron, 1993, 49, 3125-3130.

O. Chaker, L.: Pautet, F.; Fillion, H., Heterocveles, 1995, 41(6), in the press.

7. Dcwar, M. J. S.; Zoebisch, E. G.: Healy, E. F.; Stewart, J. J. P., J. Am. Chem. Soc., 1985, 107,
3902-3909.

8. Rozeboom, M. D.; Tegmo-Larson, 1.-M.; Houk, K. N., /. Org. Chem., 1981, 46, 2338-2345.

9. Hurd, R. E.; John, B. U., J. Magn. Reson., 1991, 91, 648-653.

10.  Grunwell, J. R.; Karipides, A.; Wigal, C. T.; Heinzman, S. W.; Parlow, J.; Surso, J. A.; Clayton, L.;
Fleitz, F. J.; Daftner, M.; Stevens, J. E.. .J. Org. Chem., 1991, 56, 91-95.

11. Thomson, R. H.. J. Org. Chem., 1948, /3, 377-383.

12. Bernthsen, A.; Semper, A., Chem. Ber.. 1888, /8, 203-213.

13. Garden, J. F.: Thomson, R. H., J. Chem. Soc., 19587, 2483-2489.

14, Hannan, R. L.; Barber, R. A.; Rapoport, H.. J. Org. Chem., 1979, 44, 2153-2158.

(Received in Belgium 7 February 1995; accepted 16 May 1995)



