
HETEROCYCLES, Vol. 41, No. 5,1995 1051 

SYNTHESIS OF FUSED 3a,4-DIHYDRO-5a,H-BENZOFURO- 

[ ~ , ~ ~ - ~ ] I S O X A Z O L E S '  

Kazuho ~arada , *  Eisuke Kaji, Kuniaki Sasaki, and Shonosuke Zen 

School of Pharmaceutical Sciences, Kitasato University, Shirokane, 

Minato-ku, Tokyo 108, Japan 

Abstract - Reaction of 2-isoxazoline-2-oxides (1) with titanium 

tetrachloride afforded Diels-Alder dimers (3) of 3a,4-dihydro-5a,H- 

benzofuro[3,3a-d]isoxazoles (2). The stereochemistry of the dimer (3a) 

was confirmed by X-ray analysis. As an application of the Diels-Alder 

reaction, several fused 3a,4-dihydro-5a,H-benzofuro[3,3a-d]isoxazoles 

(5,6, and 7) were synthesized by the reactions of 2 with acetylenic 

dienophiles. 

Recently, we described new ring transformations of substituted 2-isoxazoline-2-oxides (1) to 

various heterocyclic ring systems such as fused fur0[3,3a-d]isoxazoles,~ monocyclic or fused 

1,2-oxazines,' and benzofuro[2,3-c~tetrahydropyrans.~ These transformations are mediated 

by Lewis acid (TiCI,, TiBr, etc.), and the reaction course leading to the products depends on 

the type and site of substitution of 1. Among the above ring transformation products, fused 

furo[3,3a-d]isoxazoles, such as benzofuro[3,3a-d]isoxazoles (2),6 have a unique ring system 

which otherwise would be difficult to prepare. It is also important that 2 should have 

synthetic potential as the reactive cyclic dienese or as isoxazolines.' We now report on the 

synthesis of a novel type of fused 3a,4-dihydro-5a,H-benzofuro[3,3a-d]isoxazoles (5,6, and 
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7 )  by Diels-Alder reaction of 2. 

The reaction of isoxazoline-2-oxide (1 a)' with excess TiCI, was previously shown to give 2 a 

in 81 %'yield by stirring for 30 min.' When the reaction time was extended to 18 hours, two 

additional products (3 a'' ; 23 % and 4 a; 21 %) were isolated after chromatographical 

separation. (Scheme 1) 

The structures of 2a, 3a, and 4a were deduced from spectroscopic data and confirmed by 

X-ray crystallography. Thus, 3 a showed an [M'] ion at m/ .  626 corresponding to the 

molecular formula of C,,H,,N,O,,CI, expected for a dimer of 2 a. The 'H-nmr spectrum 

showed the presence of two olefinic hydrogens [6, 5.87,6.10], two sets of coupled aliphatic 

methine hydrogens [ 8, 3.97,4.54, J=7.0 Hz ; 4.04,4.83, J=9.2 Hz], of which the coupling 

constants and chemical shifts are similar to those of a set of H-3a and H-4 of 2 a [ 6, 4.21. 

4.86, J=7.0 Hz], other six aliphatic methine hydrogens [6, 2.98,3.20,3.54,3.67,4.55,4.741, 

in addition to four ester Me groups. (Table 1) These spectral data suggested that 3a should 

be a Diels-Alder dimer of 2a. This deduction was proved by a single crystal X-ray analysis of 

3a. A perspective drawing of the molecule of 3a is illustrated in Figure 1 .  The structure of 

Figure 1 A Perspective Drawing 
of 3a 

3a reveals that the molecule 

results from Diels-Alder 

dimerization of 2a. Thus, the 

C(6)=C(7)-C(8)=C(9) and 

C(l 0)=C(11) moieties correspond 

to diene and dienophile 

compornents, respectively, in 

the Diels-Alder reaction for 3a. 

The stereochemistry of 3a was 

confirmed to be endo 

configuration, i.e., as depicted in 
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Figure 1, the bulky cyclohexene ring C(10)-C( l l  )-C(12)-C(13)-C(14)-C(15) (dienophile 

component) is under the bridge C(6)-C(7)-C(8)-C(9) (diene). The molecule is also assigned 

to b e  ant i  n -facial diastereomer6 with respect to the furan ring C(4)-C(2)-C(3)-C(5)-0(2), thus 

the addition of the dienophile forming C(10)-C(11) proceeds via anti  to the diene forming 

cyclohexene ring C(5)-C(3)-C(6)-C(7)-C(E)-C(9). (Figure 1) 

Scheme 1 

COOCH, 

R 

COOCH, 

T a b l e l .  Selected'~-~rnr Chemical Shi f ts  
and Coupl ing Constants for 
Compounds 3 

. . 
Chern ica I Sh I f t (pprnl Coup1 ing Constant (Hz) 

3a 3b 3c 3a 3b 3c 

H- 1 4.54d 4.49d 4.54d J(1,14a) 7.0 7.0 7.0 
H-2a 4.55 d 4.56 d 4.56 d 
H-3 5.87d 6.09d 5.88d J(4a.lla) 9.0 9.0 9.0 
H-4a 2.98 dd 3.08 dd 2.98 dd 
H-5 3.67dd 3.97dd 3.68dd J(7.7a) 9.2 9.2 9.2 
H-5a 4.74 d 4.72 d 4.73 d 
H-7 4.83d 4.83d 4.83d J(4a.5) 3.0 3.0 3.0 
K-7a 4.04 d 4.02 d 4.05 d 
H-11 3.54dd 3.54dd 3.54dd J(5,5a) 3.0 3.0 3.0 
H-lla 3.20 dd 3.15 dd 3.20 dd 
H-14a 3.97d 3 .97d 3.97d J ( l l . l l a )  2.0 2.0 2.0 
H-15 6.10 dd 6.37 dd 6.13 dd 
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On the other hand. 4 a  showed an [M'] ion at m/z313 corresponding to the molecular formula 

of C,,H,,NO,CI,, which corresponds to that of monomer (2 a). The ir and 'H-nmr spectra 

exhibited the presence of oxime group and dihydrobenzofuran moiety in 4a. The structure of 
t 

4a was finally confirmed by X-ray analysis. A perspective drawing of the molecule of 4a is 

illustrated in Figure 2. The molecule 

consists of a 2,3-dihydrobenzofuran ring 

with an oxime group which is syn to the 

2,3-dihydrobenzofuran moiety, so that 

C113$ the molecule has the E configuration. 

This procedure was applied to 1b 

ref. 9 
ref. 9 

245-246 
225-226 
273-276 
1 39-1 40 
147-1 49 
118-119 
131-133 
147-1 49 
146-1 48 
syrup 
143-1 45 
syrup 
svrup 
133-1 35 

yields. (Table 2, Method II) These 

results clearly show that the one-pot 

formation of 3 from 1 proceeds via the 

initial ring transformation into 2 via 

intermediate (B)" followed by the Lewis 

acid (TICI,) promoted Diels-Alder 

dimerization6 in situ to give 3. 

Formation of 4 can be postulated to 

occur via formation of 3H-indole-1-oxide 

(R=B~)' to afford 2 b (33 %). 3 b (22 %), 
Figure 2 A Perspective Drawing 

of 4a and 4b (24 %), however, in the case of 

1 c (R=F): only 2c (32 %) and 3c  (26 %) 
Table2 Yieldsandphysical Propertiesof 

the Compounds 2,3,4,5.6. and 7 were isolated. (Table 2, Method I) We 

also examined the synthesis of 3 directly 
Compd. R Yield (96) mp ('C ) 

Method I Method l l  from 2. Thus, a solution of 2 in toluene 

2a C I 35 - ref. 9 was refluxed overnight to afford 3 in high 
2b Br 33 - 
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intermediate (A)."~' Then, nucleophilic attack of negatively charged oxygen at the site meta 

to the substituent R in A causes formation of the furan ring and the subsequent cleavage of the 

C-N bond with protonation gives 4. (Scheme 2) To an application of the dimerization, we 

examined Diels-Alder cycloaddition of 2 with acetylenic dienophiles such as ethyl propiolate 

and dimethyl acetylenedicarboxylate. The results are shown in Table 2. Both of dienophiles 

resulted to give the corresponding cycloadducts, thus ethyl propiolate afforded a pair of 

positional isomers (5 and 6), while dimethyl acetylenedicarboxylate gave 7. (Scheme 3) 

Scheme 2 

The structures of the isomers 5 and 6 

were distinguished on the basis of 

1 H-nmr analysis. The 'H-nmr spectral 

data of 5 were closely compatible with 

those of 6, except for the coupling 

pattern of the H-6 and H-9 protons. 

Thus, in the 'H-nmr spectrum of 5, H-6 

was not coupled with H-11 and H-9 

was coupled with two olefinic protons 

(H-8 and H-lo), while in that of 6, H-6 

and H-9 were coupled with H-11 and 

H-8, respectively. (Table 3) These 

results clearly show that the ester 

group is attached at C-11 for isomer 

(5), while at C-10 for isomer (6). This 

deduction was proved by X-ray 

analyses of 5a and 6c. 

Perspective drawings of the molecules of 5a and 6c are illustrated in Figures 3 and 4. The 

stereochemistry of 5 a and 6c are assigned to be anti n -facial diastereomer6 with respect to 
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cH30&-g R 

CHl0OC OOCH, 

Scheme 3 

Table3. Selectedl~-~mr Chemical ShiftsandCouplingConstants for 
Compounds 5,6, and 7 

Chemical Shift (ppm) / Coupl ing Constant (Hz) 
5a 5b 5c 6a E4 6c 7a 77 7c 
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the furan ring C(4)-C(2)-C(3)-C(5)-0(2), which is similar to the stereochemistry of 3. 

Therefore, the addition of the dienophile forming C(10)-C(11) proceeds via anti to the diene 

forming cyclohexene ring C(5)-C(3)-C(6)-C(7)-C(8)-C(9). 

In conclusion, this work emphasizes a novel facet of the 3a,4-dihydro-5a,H-benzofuro[3,3a-d]- 

isoxazole system which can act as a diene in Diels-Alder cycloaddition process to give novel 

bridged heterocyclic ring systems. 

Figure 3 A Perspective Drawing 
of 5a 

CV 

Figure 4 A Perspective Drawing 

EXPERIMENTAL 

Melting points were measured with a Yanaco MP apparatus and are uncorrected. SF 

data were recorded on the following instruments : Jasco IR-810(ir). JMS DX-300(ms), and 

Varian EM-390, XL-400, and vXR-300('~-nmr), JEOL PFT-100 and Varian XL-400('~C-nmr). 

Tetramethylsiiane was used as an internal standard for nmr measurement in chloroform-d,. 

Column chromatography was carried out on a silica gel(Kanto Kagaku Co. ; up to 100 mesh) 

column. 
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Tetramethyl 4,l6-Dichloro-l,2a,4a,5,5a,7,7a,ll ,I 1 a,l4a-decahydro-5, l l -  

ethenoisoxazolo[5"',4"':3',4']furo[2",3":7',8']naphtho[2',3':4,5]furo[3,4-d]- 

isoxazole-1,7,8,14-tetracarboxylate (3a) : 

<Method I > To a solution of 313 mg (1.0 mmol) of 3,5-bis(methoxycarbonyl)-4-chloro- 

phenyl-2-isoxazoline-2-oxide ( la) in 10 mi of dichloromethane was added 0.45 ml (4.0 

mmol) of titanium tetrachloride at 0 "C and the reaction mixture was stirred at room 

temperature for 15 h. After the reaction mixture was quenched with 10% aqueous sodium 

carbonate and extracted with chloroform, separation by column chromatography on silica gel 

(hexane - ethyl acetate, 3:l) afforded 3a (72 mg, 23%), dimethyl 7-chloro-3a,4-dihydro- 

5a,H-benzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (2 a)'(108.5 rng. 35%), and (4-6-chloro- 

2-methoxycarbonyl-3-methoxalyl-2,3-dihydrobenzofuran oxime (4a) (66 mg, 21%). 

3 a : mp 245-246"C(chloroform-methanol). Ir v (KBr)cm" : 1 750(COOCH,), 1620(C=N). 

Ms(m1z) : 626(M'), 628(M'+2). 'H Nrnr (CDCI,, 6, ppm) : 2.98(dd, J ,,,,,, =9.0 Hz, J,,,,=3.0 Hz, 

IH, H-4a), 3.20(dd, J ,,,,,, =9.0 Hz, J,, ,,,, =2.0 Hz, IH, H-l la),  3.54(dd, J ,,,,,, =2.0 Hz, J ,,,,, =7.0 

Hz,lH, H- l l ) ,  3.65(~, 3H, CH,), 3.67(dd, J,,,,=3.0 Hz, J5,,,=3.0 Hz, IH,H-5), 3.69(~, 3H, CH,). 

3.84(s, 3H, CH,), 3.88(s, 3H, CH,), 3.97(d, J,,,,,=7.0 Hz, IH, H-14a), 4.04(d, J1,,,=9.2 Hz, IH, 

H-7a), 4.54(d, J ,,,,, =7.0 Hz, IH,  H-I), 4.55(d, J2,,,=2.3 Hz,lH, H-2a), 4.74(d, J5,,,=3.0 Hz, IH,  

H-5a), 4.83(d, J7,,,=9.2 Hz, IH,  H-7), 5.87(d, J,,,=2.3 Hz, IH,  H-3), 6.10(dd, J,,,15=7.0 Hz, 

J ,,,, =2.5 Hz. IH, H-15). Anal. Calcd for C,,H,,N,O,,CI, : C, 49.78; H, 3.86; N, 4.47; CI, 11.30. 

Found : C, 49.52; H, 4.07; N, 4.26; CI, 11 36. 

4 a : mp 139-140eC(ethyl acetate-hexane). Ir v (KBr)cm.' : 3300(N-OH), 1735(COOCH,), 

1610(C=N). Ms(m/z) : 313(Mt), 315(Mt+2). 'H Nmr (CDCI,, 6, ppm) : 3.73(s, 1 H, CH,), 

3.77(~, IH, CH,), 5.42(d, J,,=11.0 Hz, IH,  H-3), 5.46(d, J2,,=11.0 Hz, IH,  H-2), 6.90(d, 

J,,,=I 1.0 Hz, 1H. H-4), 7.04(dd, J,,,=l 1.0 Hz, J5,1=2.0 Hz, IH, H-5), 7.10(d, J,,,=2.0 Hz. IH, 

H-7). Anal. Calcd for C,,H,,NO,CI : C, 49.78; H. 3.86; N, 4.47; CI, 1 1.30. Found : C, 49.66; 

H,4.00; N, 4.31, CI, 11.55. 



HETEROCYCLES, Vol. 41, No. 5,1995 1059 

<Method II > A solution of 500 mg of 2a (1.6 mmol) in 5 ml of toluene was refluxed for 

15 h. The reaction mixture was concentrated to dryness and purified by column 

chromatography on silica gel (hexane - ethyl acetate, 1 : I )  to afford 390 mg of 3a (78%). 

Tetramethyl 4,16-Dibromo-l,2a,4a,5,5a,7,7a,l1,11a,l4a-decahydro-5,11- 

e t h e n o i s o x a z o l o [ 5 " ' , 4 " ' : 3 ' , 4 ' ] f u r o [ 2 ~ -  

isoxazole-1,7,8,14-tetracarboxylate (3b) : Yield : 22% (Method I). 75% (Method 11). 

mp 225-226"C(chloroform-methanol). Ir v (KBr)cm-' : 1 755(COOCH,), 1620(C=N). Ms(m/z) : 

714(M'), 716(M'+2). 'H Nmr (CDCI,, 6, ppm) : 3.08(dd, J ,,,,,, =9.0 Hz, J ,,,, =3.0 Hz, lH, H-4a), 

3.15(dd, J ,,,,,, =9.0 Hz, J ,,,, ,,=2.0 Hz, IH, H-1 la), 3.54(dd, J ,,,, ,,=2.0 Hz, J,,,,,=7.0 Hz, 1 H, 

H-1 I ) ,  3.66(s, 3H, CH,), 3.70(~, 3H, CH,), 3.84(s, 3H, CH,), 3.89(s, 3H, CH 3 ), 3.97(dd, 

J ,,,, =3.0 Hz, J ,,,, =3.0 Hz, lH, H-5), 3.97(d, J,,,,,=7.0 Hz, IH,  H-14a), 4.02(d, J ,,,, =9.2 Hz, 1 H, 

H-7a), 4.49(d, J1,,,,=7.0 Hz, IH, H-I), 4.56(d, J ,,,, =2.3 Hz,lH, H-2a), 4.72(d, J ,,,, =3.0 Hz, IH,  

H-5a), 4.83(d, J7,7,=9.2 Hz, IH, H-7), 6.09(d, J,,,,=2.3 Hz, IH, H-3), 6.37(dd, J ,,,,, =7.0 Hz, 

J ,,,, =2.5 Hz, IH, H-15). Anal. Calcd for C2,H,,N,0,,Br2 : C, 43.60; H, 3.38; N, 3.91; Br. 22.31. 

Found : C, 43.89; H, 3.50; N, 3.85; Br, 22.43. 

(E)-6-Bromo-2-methoxycarbonyl-3-methoxalyl-2,3-dihydrobenzofuran Oxime 

(4b) : Yield : 24% (Method I). mp 147-149"C(ethyl acetate-hexane). Ir v (KBr)cnY1 : 

3300(N-OH), 1 735(COOCH3), 1610(C=N). Ms(m/z) : 357(M'). 'H Nmr (CDCI,, 6, ppm) : 

3.74(~, lH,  CH,), 3.76(~, IH,  CH,), 5.43(d, J2,,=ll.0 Hz, lH,  H-3), 5.49(d, J2,,=11.0 Hz, lH,  

H-2), 6.90(d, J,,,=11.0 Hz, IH, H-4), 7.02(dd, J,,,=l1.0 HZ, J,,=2.0 HZ, IH, H-5), 7.09(d, 

J,,7=2.0 Hz, IH, H-7). Anal. Calcd for C,,H,,NO,Br : C, 43.60; H, 3.38; N, 3.91; Br, 22.31. 

Found : C, 43.43; H, 3.29; N, 3.89: Br, 22.59. 

Tetramethyl 4,16-Difluoro-l,2a,4a,5,5a,7,7a,l1,11a,l4a-decahydro-5,11- 

e t h e n o i s o x a z o l o [ 5 " ' , 4 " ' : 3 ' , 4 ' ] f u r o [ 2 ~ -  

isoxazole-l,7,8,14-tetracarboxylate (3c) : Yield : 26% (Method I), 72% (Method 11). 
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mp 273-276'C(chloroform-methanol). Ir v (K~r)cm" : 1750(COOCH,), 1620(C=N). Ms(m/z) : 

594(Mt). 'H Nmr (CDCI,, 6, ppm) : 2.98(dd, J4,,ll,=9.0 Hz, J ,,, =3.0 Hz, IH, H-4a), 

3.20(dd, J4,,,,,=9.0 Hz, Jll,ll,=2.0 Hz, IH,  H-1 la), 3.54(dd, Jl1,,,,=2.0 Hz, Jl1,,,=7.0 Hz,lH, 

H- l l ) ,  3.63(~,3H, CH,), 3.68(dd, J,,,=3.0 Hz, J5,,,=3.0 Hz, IH,  H-5), 3.69(s, 3H, CH,), 3.84(s, 

3H, CH,), 3.88(s, 3H, CH,), 3.97(d, Jl,14,=7.0 Hz, IH,  H-14a), 4.05(d, J,,7,=9.2 Hz, IH,  H-7a), 

4.54(d, J,,,,,=7.0 Hz, IH,  H-I), 4.56(d, J,,,=2.3 Hz,lH, H-Za), 4.73(d, J ,,,, =3.0 Hz, IH,  H-5a), 

4.83(d, J7,,,=9.2 HZ, IH,  H-7), 5.88(d, J ,,, =2.3 HZ, IH,  H-3), 6.13(dd, Jll,l,=7.0 Hz, J5,,,=2.5 

Hz, IH,  H-15). Anal. Calcd for C2,H2,N2012F, : C, 52.25; H, 3.23; N, 4.71. Found : C, 52.16; 

H, 3.33; N, 4.59. 

Diels-Alder Cycloaddition of 2 with Ethyl Propiolate 

-------- General Procedure 

A mixture of 0.64 mmol of 2 and 2.27 ml (22.4 mmol) of ethyl propiolate was refluxed for 21 h. 

After ethyl propiolate was removed under reduced pressure, the residue was purified by 

column chromatography on silica gel (hexane - ethyl acetate, 3:1) to afford 5 and 6. 

Dimethyl 7-Chloro-l1-ethoxycarbonyl-3a,4,6,9-tetrahydro-5a,H-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (5a) : Yield : 43%. 

mp 11 8-1 1 geC(ethyl acetate-hexane). Ir v (KBr)cm'' : 1 745(COOCH3), 1 705(COOCH3), 

I580(C=N). Ms(m1z) : 412(M'). 'H Nmr (CDCI,, 6, ppm) : 1.33(t, J=7.0 Hz, 3H, CH,Cb), 

3.63(~, 3H, COOCH,), 3.81(dd, Ja,,=6.0 HZ, Ja,10=6.0 Hz, IH,  H-9), 3.84(s, 3H, COOCH,), 3.89 

(d, J,,,,=9.0 Hz, IH,  H-3a), 4.23(q, J=7.0 Hz, 2H, CBCH,), 4.45(d, J =4.0 Hz, IH,  H-6), 

4.67(d, J,,6=4.0 Hz, IH, H-5a), 5.03(d, J,,,=9.0 Hz, IH, H-4). 6.14(d, J,,=6.0 Hz, IH, H-8), 

7.46(d, Ja,,,=6.0 Hz, 1H. H-10). Anal. Calcd for C,,H,,NO,CI : C, 52.49; H, 4.41; N, 3.40 ; 

CI, 8.63. Found : C, 52.41; H, 4.38; N, 3.29; CI, 8.60. 

Dimethyl 7-ChIoro-lO-ethoxycarbonyl-3a,4;6,9-tetrahydro-5a,H-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (6a) : Yield : 30%. 
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rnp 146-1 48"C(ethyl acetate-hexane). lr v (KBr)cm-' : 171 5(COOCH,), 171 5(COOCH,), 

158O(C=N). Ms(m/z) : 412(M+). 'H Nrnr (CDCI,, 6,  pprn) : 1 .29(t, J=7.0 Hz. 3H, CH,C&), 

3.65(s, 3H, COOCH,), 3.87(s, 3H, COOCH,), 3.99(d, J ,,, =8.5 Hz, IH,  H-3a), 4.05(dd, J,,,=4.0 

HZ, J6,,,=6.0 Hz, IH, H-6), 4.22(q, J=7.0 Hz, 2H, CbCH,), 4.23(d, J,,9=6.8 Hz,lH, H-9), 4.72(d, 

JS,,,=4.0 Hz, 1 H, H-5a), 5.02(d, J ,,, =8.5 Hz, 1 H, H-4), 6.23(d, J,,=6.8 Hz, 1 H, H-8), 

7.38(d, J6,,,=6.0 Hz, lH ,  H-11). Anal. Calcdfor C,,H,,NO,CI : C, 52.49; H, 4.41; N, 3.40 ; 

CI, 8.63. Found : C, 52.43; H, 4.44; N, 3.22; CI, 8.43. 

Dimethyl 7-Bromo-ll-ethoxycarbonyl-3a,4,6,9-tetrahydro-5a,H-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (5b) : Yield : 42%. 

rnp 131 -1 33'C(ethyl acetate-hexane). Ir v (KBr)cm" : 1 770(COOCH,), 1720(COOCH,), 

1580(C=N). Ms(m/z) : 456(M'), 458(Mt+2). 'H Nrnr (CDCI,, 6, ppm) : 1.32(t, J=7.0 Hz, 3H, 

CH,Cs), 3.66(~, 3H, COOCH,), 3.84(dd, J6,,=6.0 Hz, J ,,, =6.0 Hz, IH, H-9), 3.88(s, 3H, 

COOCH,), 3.99(d, J ,,,, =8.5 Hz, lH ,  H-3a), 4.25(q, J=7.0 Hz, 2H, CbCH,), 4.62(d, JS,,,=3.8 Hz, 

1 H, H-6), 4.73(d, JSat6=3.8 Hz, 1 H, H-5a), 5.02(d, J,,,,=8.5 Hz, 1 H, H-4), 6.38(d, J,,=6.0 Hz, 1 H, 

H-a), 7.44(d, J,,,=6.0 Hz, IH,  H-10). Anal. Calcd for C,,H,,NO,Br : C, 47.38; H, 3.98; N, 3.07 

;Br, 17.51. Found:C,47.28;H,4.00;N,3.06;Br,17.27. 

Dimethyl 7-Bromo-lO-ethoxycarbonyl-3a,4,6,9-tetrahydro-5a,H-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (6b) : Yield : 28%. 

A syrup. Ir v (~Br)cm-' : 1 760(COOCH3), 1720(COOCH,), 1 59O(C=N). Ms(m/z) : 456(M+), 

458(M'+2). . 'H Nrnr (CDCI,, 6, ppm) : 1.29(t, J=7.0 Hz, 3H, CH,C&), 3.66(s, 3H, COOCH,), 

3.88(s, 3H, COOCH,), 3.99(d, J,,,,=8.5 Hz, IH, H-3a), 4.18(dd, Js,,6=3.5 Hz, J,,,,=6.5 Hz, lH ,  

H-6), 4.22(q, J=7.0 HZ, 2H, ChCH,), 4.25(d, J,,=7.0 Hz.1 H, H-9), 4.72(d, J,,,=33. Hz, 1 H, 

H-5a), 5.02(d, J,,,,=8.5 Hz, lH ,  H-4), 6.48(d, J,,=7.0 Hz, IH,  H-8), 7.38(d, J6,,,=6.5 Hz, IH, 

H I .  Anal. CalcdforC,,H,,NO,Br :C, 47.38; H, 3.98; N, 3.07; Br, 17.51. Found: C, 

47.60; H, 4.18; N, 3.00; Br, 17.19. 
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Dimethyl 11-EthoxycarbonyI-7-fluoro9a,4,6,9-tetrahydro-5aH-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (5c) : Yield : 53%. 

mp 147-149"C(ethyl acetate-hexane). Ir v (KBr)cm" : 1745(COOCH3), 1730(COOCH,), 

1580(C=N). Ms(m/z) : 395(M'). 'H Nmr (CDCI,, 6, ppm) : I.sO(t, J=7.0 Hz, 3H, CH,Ch), 

3.63(~, 3H, COOCH,), 3.64(dd, J,,$=6.5 HZ, J,,,=6.0 Hz, IH,  H-9), 3.85(~, 3H, COOCH,), 

4.00(d, J3,,4=9.0 Hz, lH, H-3a), 4.22(q, J=7.0 Hz, 2H, ChCH,), 4.29(d, J,,,6=3.8 Hz, IH,  H-6), 

4.68(d, J6,,,=3.8 Hz, IH,  H-5a), 5.07(d, J,,,4=9.0 Hz, IH,  H-4), 5.42(d, J,,9=6.5 Hz, lH, H-8), 

7.53(d, J ,,,, =6.0 Hz, IH, H-10). Anal. Calcd forC,,H,,NO,F : C, 54.66; H, 4.59; N, 3.54. 

Found : C, 54.77; H, 4.60; N, 3.66. 

Dimethyl 10-Ethoxycarbonyl-7-fluoro-3a,4,6,9-tetrahydro-5a,~-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (6c) : Yield : 30%. 

mp 143-1 45'C(ethyl acetate-hexane). Ir v (KBr)cm" : 1745(COOCH3), I71 5(COOCH,), 

1580(C=N). Ms(mh) : 395(M+). 'H Nmr (CDCI,, 6, ppm) : 1.29(t, J=7.0 Hz, 3H, CH,C&), 3.63 

(s, 3H, COOCH,), 3.87(s, 3H, COOCH,), 3.98(d, J,,,=9.0 Hz, IH,  H-3a), 4.09(dd, J =3.6 Hz, 

J6,,,=6.0 Hz, IH, H-6), 4.23(q, J=7.0 Hz, 2H, C&CH,), 4.45(d, J,,,=6.9 Hz,lH, H-9), 4.74(d, 

J5,,=3.6 HZ, IH,  H-5a), 5.04(d, J3,,4=9.0 HZ, IH,  H-4), 5.41 (d, J,,9=6.9 HZ, IH,  H-a), 7.53(d, 

J ,,,, =6.0 Hz, IH,  H-11). Anal. CalcdforCl,Hl,NO,F : C, 54.66; H, 4.59; N, 3.54. Found: C, 

54.73; H, 4.71; N, 3.69. 

Diels-Alder Cycloaddition of 2 with Dimethyl Acetylenedicarboxylate 

-------- General Procedure 

A mixture of 0.48 mmoi of 2 and 2.06 ml (16.7 mmol) of dimethyl acetylenedicarboxylate was 

refluxed for 2 h. After dimethyl acetylenedicarboxylate was removed under reduced 

pressure, the residue was purified by column chromatography on silica gel (hexane - ethyl 

acetate, 3: l)  to afford 7. 

Dimethyl 7-Chloro-iO,ll-bis(methoxycarbonyl)-3a,4,6,9-tetrahydro-5a,H-6,9- 
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ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (7a) : Yield : 67%. A syrup. 

Ir v ( ~ ~ r ) c m - '  : 1730(COOCH,), 1580(C=N). Ms(m1z) : 456(M+). 'H Nmr (CDCI,, 6, ppm) : 

3.67(~, 3H, COOCH,), 3.81(s, 3H, COOCH,), 3.84(s, 3H, COOCH 3 ), 3.89(s, 3H, COOCH 3 ) 1 

3.99(d, J,,,=9.0 Hz, 1 H, H-3a), 4.09(d, J,,,=7.0 Hz, 1 H, H-9), 4.31 (d, J,,,=4.0 Hz, 1 H, H-6), 

4.89(d, J5,,,=4.0 Hz, 1 H, H-5a), 5.03(d, J,,,,=9.0 Hz, 1 H, H-4), 6.26(d, J,,=7.0 Hz, 1 H, H-8). 

Anal.CalcdforC,,Hl,NO,,CI :C,50.01; H,3.98; N,3.07. Found :C, 50.21; H,3.89; N,2.99. 

Dimethyl 7-Bromo-lO,ll-bis(methoxycarbonyl)-3a,4,6,9-tetrahydro-5a,~-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (7b) : Yield : 65%. A syrup. 

Ir v ( ~ ~ r ) c m - '  : 1730(COOCH,), 1580(C=N). Ms(m/z) : 500(Mt), 502(M++2). 'H Nmr (CDCI,, 

6,  ppm) : 3.66(~, 3H, COOCH,), 3.80(~, 3H, COOCH,), 3.84(~, 3H, COOCH 3 ), 3.88(~, 3H, 

COOCH,), 3.99(d, J ,,,, =9.0 Hz, IH,  H-3a), 4.10(d, J,,=7.0 Hz, 1 H, H-9), 4.43(d, J ,,, =4.0 Hz, 

IH,  H-6), 4.88(d, J,,,,=4.0 Hz, IH,  H-5a), 5.02(d, J3,,,=9.0 Hz, IH,  H-4), 6.49(d, J,,=7.0 Hz, lH, 

H-8). Anal. Calcd for C,,H,,NO,,Br :C, 45.58; H, 3.63; N, 2.80. Found : C, 45.33; H, 3.60; 

N, 3.01. 

Dimethyl 7-FIuoro-l0,11-bis(methoxycarbonyl)-3a,4,6,9-tetrahydro-5a,~-6,9- 

ethenobenzofuro[3,3a-d]isoxazole-3,4-dicarboxylate (7c) : Yield : 61%. 

mp 133-1 35-C(ethyl acetate-hexane). Ir v (KBr)cm-' : 1 730(COOCH3), 1580(C=N). Ms(m/z) : 

440(M'). 'H Nmr(CDCI,, 6, ppm) : 3.66(s, 3H, COOCH,), 3.80(s, 3H, COOCH,), 3.83(s, 3H, 

COOCH,), 3.89(s, 3H, COOCH,), 3.96(d, J,,,=7.0 Hz, IH,  H-9), 4.01(d, J3,,,=9.0 Hz, IH,  H-3a), 

4.18(d, J5,,,=3.8 Hz, IH,  H-6), 4.92(d, J5,,,=3.8 Hz, lH ,  H-5a), 5.06(d, J ,,, =9.0 Hz, IH,  H-4), 

5.55(d, J,,,=7.0 Hz, lH,  H-8). Anal. Calcd for Cl,H,,NOl,F : C, 51.94; H, 4.13; N, 3.19; 

F,4.32. Found:C,51.87;H,4.17;N,3.09;F,4.03. 

X-Ray Analyses of 3a, 4a, 5a, and 6c 

X-Ray structure analyses of 3a. 4a, 5a, and 6c were carried out on a Rigaku AFC-5R 

diffractometer, and the cell parameters and the intensity data were measured with graphite 
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monochrornated Cu Ka(k1.54179A) radiation at 23°C. The crystal data are summarized in 

Table 4. The structures were solved by the direct method using the program MlTHRlL (C. J. 

Gilrnore : MITHRIL, an integrated direct method computer program, J. Appl. Cryst., 1984, 17, 

42, Univ. of Glasgow, Scotland). The parameters of non-hydrogen atoms were refined by the 

full-matrix least-squares method with anisotropic temperature factors. The hydrogen atoms 

were located from a difference Fourier synthesis, and refined only the temperature factors 

isotropically. The positional parameters for 3a, 4a, 5a, and 6c are listed in Tables 5, 6, 7, 

and 8, respectively. The selected bond lengths, bond angles, and torsion angles for 3a, 4a, 

5a, and 6c are listed in Tables 9, 10, 11 and 12, respectively. In the case of 3a, a pair of 

enantiomer was solved as a unit. The positional parameters for both of them are listed in 

Table 5, in which C1(3), C1(4), O(13)-0(24), N(3), N(4), and C(27)-C(52) are another pairs to 

CI(I), C1(2), O(1)-0(12), N(1), N(2), and C(1)-C(26), respectively. 

Table 4 Crystallographic Data for Compounds (3a. 4a, 5a, and 6c) 

3a 4a 5a Ec 
Formula C26H24N2C120,2 C,3H12NC106 C,aH,,NCIO, C18H!8NF08 

Fw 627.39 31 3.69 411.80 395.34 
Crystal dimnsicns 0 0.2XO. 2X0.2 0.1 XO. 2X0.2 O.3XO. 1 XO. 1 O.2X0.1 XO. 4 
Crystal  system t r ic l  - inic orthorhombic monocl inic mnocl inic 
Space group f l  fbca C2/c P2,/n 
Lattice parameters 

a/ A 
b/ A 
c/ A 
ddeg 
P/deg 
y/deg 
v/A3 

z 
~c/gcm-~ 
p (Cu Ka) /cm-' 
26,Jdeg 
No. of Observation 
No. of Variables 
R (Rw) 



HETEROCYCLES, VoI. 41, No. 5,1995 1065 

Table 5 Posi t ional  Parameters and Their Estimated Standard 
Deviations for  3a 

Atom x Y z 6, 
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Table 5 cont i nued 

Atom x Y z s, 
O.6483(6) 0.1717(4) 1.1 lO3(6) 2.4(4) 
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Table 6 Posit ional Parameters and Their Estimated Standard 
Deviations for  4a 

Atom x Y z B, 

CI (1) 0.54732(7) 0.2041 (2) 0.9626(3) 5.0(1) 

Table 7 Posi t ional  Parameters and Their Estimated Standard 
Deviations for  5a 

Atom x Y 
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Table 7 continued 

Atom x Y z 4 

Table 8 Positional Parameters and Their Estimated Standard 
Deviations for 6c 

Atom x Y z B, 

F(1) 0.2979(4) 1.160(1) 0.9389 (3) 
O(1) - 0.0421 (4) 
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Table 9 Selected Bond Lengths. Bond Angles, and Torsion Angles of 3a 

Bond Length ( A )  Bond Angle i" Tors~on Angle i ) 

Table 10 Selected Bond Lengths. Bond Angles, and Tors~on Angles of 4a 

Bond Length i A )  Bond Angle i" ) Tors~on Angle ( ) 

Table 11 SelectedBondLengths. BondAngles, andTorsionAnglesof 5a 

Bond Length ( A )  Bond Angle i' ) Tors~on Angle i" ) 

Table12 SelectedBondLengths. Bond Angles, andTors~on Anglesof 6c 

Bond Length ( A )  BondAngle ( ) Tors~on Angle i" ) 
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