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Abstract - The synthesis of furo[3,4-+oxazoles (3) and inter- and intramolecular 

cycloaddition readions (to 4, Sa,b) are reported. The structures of 3k, Sb and 6 have 

been clarified by X-ray crystallography. Quantum chemical calculations (AMI, PM3, 

ab initio, density hctional  methods) concerning the geometry and the different 

reactivity of benzo[c]furans and furo[3,4-d]isoxazoles were performed. 

Furo[3,4-d]isoxazoles (e.g., 3) are vkhdyunknown~ although without any doubt these species are involved 

as intermediates in the synthesis of annulated isoxa~oles.~,~ In this paper we report the generation and 

reaction of compounds of this type. Regioselective soholytic ring opening of anhydride (1) with methanol 

yields this compound can also be obtained fiom acid (2a) by selective esterilkation (MeOWHZSO,; 

89%). Subsequent treatment with p h e n o l i D ~ ~ ~ ~ 5  yields 2e6 (50%, colorless oil; ir (film): 1743 cm-'; 

1 ~ n m r ( ~ ~ ~ ~ 3 ) :  6 = 2.55 ppm(s, 3H, CH3), 3.74 (s, 3H, CO2CH3), 4.21 (s, 2- CH2), 7.13-7.17 (m, 2H, 

o-arCH), 7.25-7.31 (m, lH, p-arCH), 7.39-7.46 (m, 2- m-arCH)), which was reacted with 

tosyl azideIt~iethylamine(MeCN, room temperature)' to give 2j (86%; yellow crystals, mp 70°C; ir (KBr): 

2136 ~ ' ,  1727, 1715;'Hnmr (CDC13): 6 = 2.56 ppm(s, 3 Y  CH3), 3.88 (s, 3 6  C02CH3), 7.14-7.19 (m, 

2H, o-arCH), 7.26-7.33 (m, 1% parCH), 7.40-7.47 (m, 2H, m-arCH)). It is well known that nitrogen 

extrusion kom compounds of this type yields c-annulated fnrans (Hamaguchi-Ibata reaction).' Treatment 

of 2j with Rh,(OAc), (0.9 mol%, 1,2-dichloroethane, re% 75 min) yields 3j (72%, colorless crystals, mp 

119T; ir(KBr): 1715 an-', 1648; uv (MeCN) A (log E ) :  212 nm(4.261), 258 (sh, 4.099), 266 (4.139), 295 

(4.319); 'H- (CDC13): 6 = 1.57 ppm(s, 3 Y  C H ~ ) , ~  3.91 (s, 3H, C02CH3), 7.26-7.31 (m, 2 6  o-arCH), 
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7.36-7.42 (m, lH,p-arCH), 7.48-7.55 (m, 2H, m-arCH); I3c nmr (CDC13): 6 = 10.07 ppm (q, CH3), 51.57 

(q, C02CH3), 102.64 (s, C-3a), 111.84 (s, C-6), 120.16 ( 4  o-arC), 127.39 (AparC), 130.76 (d, m-arC), 

147.85 (s, C-6a), 151.25 (s, C-3), 153.83 (s, OarC), 157.33 (s, C02CH3), 161.59 (s, C-4)), which on 

reaction with DMAD (CHC13, re% 3 h) gives an oxepmo[3,2-dlisoxazole (4) (38%, slightly yellow 

c~yst& mp 147°C; ir (KBr): 1739 cm-', 1617; w (MeCN) A (log E): 215 nm (4.495), 325 (3.789); 'H- 

(cDC13): a =2.05 ppm(s, 3 Y  CH3), 3.55 (s,3Y C o p , ) ,  3.88 (s, 3 y  CO~CH,), 3.90 (s, 3 ~ ,  CO~CH,), 

6.96-7.01 (m, 2% o-arCH), 7.07-7.13 (m, lH,p-arCH), 7.26-7.36 (m, 2H, m-arCH)). 

Scheme 1 

Fu~oisox~zole (3k) wasprepared quite similarly by reaction of 2b with 4-pentyn-1-01 using again the Nerses- 

Steglrch conditions5 and treatment of 2k1' with R h d 0 A ~ ) ~  (0.8 mol%, 12-dichlmoetbme, reflux, 3 h). The 

compound was obtained as h e  colorless needles with mp 750c . l~  An X-ray investigation of 3k14 reveals that 

the heterocyclic ring system is essentially planar. Quantum chemical calculations on the semiempirical (AMl, 

P M ~ ) ' ~  as well as the ab ~ r t r o ' ~ ~  and the density h c t i ~ n a l ' ~ ~ '  level show (Table 1) that the latter methods 

- especially, when Becke's three paramete?' DFT exchange functional in combination with the Lee, Yang, 
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and Parr correlation functional (BECKE~LYP)~ together with a 6-3 1 G* basislob is used - lead to a very 

good agreement between experimental and calculated values. 

Table 1: Bond distances (in A) of 3k and 7 (obs. vs. ~a lc . ) .*~  

a Saniempiricd calculations (AMI, PM3) were performed with the program system MOPAC.'~ ~b initio calculations 

were performed with the program system GAUSSIAN~Z" and GAUSSIAN~~DFT.'~ 'For3k d ~ m  7. 'X-ray. 

Interestingly enough 3k did not undergo an intramolecular cycloaddition as did 31 (vide infa). If (as in 31, m) 

the furoisoxazole canies an electron deficient triple bond spontaneous intramolecular cycloaddition reactions 

are obsewed. The preparation of 21 was accomplished by reaction of 2b with methyl 6-hydroxyhex-2-yn-l- 

c a r b o ~ ~ l a t e ~ ~ / D M A P i D ~ ~ ~  (to get ZgZ5) and subsequent diazogroup Nitrogen extrusion 

(Rl1,(0Ac)~, toluene, reflux, 5 h) resulted in the formation of 5b.27 Qnite obviously a finoisoxazol(31) is 

generated in the first step. Intramolecular cycloaddition with subsequent ring opening yields 5b." The 

struchlre of 5b has been clariiied dehitely by X-ray c r y s t a l l ~ ~ r a ~ b ~ . ~ ~  Compound (521) was prepared quite 

similarly by reaction of l b  with methyl 5 - h y d r o w e n t y n - l - c a r b o x y l a t e 2 4 ~ ~ ~ ~ ~ 5  (to 2h30), subsequent 

diazogroup transfer7 (to ~ r n ) , ~ '  and decomposition (0.5 mol% H+(OAC)~, 1,2-dichloroethane, reflux, 2 h). 

If during workup (chromatography) methanol is used as eluent compound (6)32 is obtained. The formation 
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of 6 can be rationalized by solvolytic ring opening reaction of 5a. It is also posslble to prepare fiuoisoxazoles 

with an unsaturated moiety at C-6 (e. g., 3n). Selective saponification of 212, which is in turn available from 

2a (SOC12/Me0H/400C; colorless oil, 75%) with potassium hydroxide/MeOH (reflux, 4 h),33 esterification 

with 2 - p r o p y n - l - o ~ M A P / D ~ ~ 5  (to 2i),34 diazogroup transfer7 (to 2n)35 and subsequent treatment with 

Rh,(OAc), (0.49 mol%, 1,2-dichloroethane, reflux, 2 h) yields 3n.36 

Generally speaking in [x4 + n2] cycloadditions iiIIo[3,4-d]isoxazoles are less reactive than the corresponding 

b-[clhans (iibew.~iiIIans).~~ These hdings are in line with expectations. Following a similar reasoning 

as Rickborn and coworkers3* on various levels of theory (semiempirical ab initio, density functional theory) 

the calculated exothermicity of reaction (2) (AAT(1)  = AHfO(l0) - ( A T @ )  + AHfO(9)) or AE(1) = 

AE(10) - (E(8) + E(9), resp. )is less than the corresponding value of reaction (1) (Table 2). 

Table 2: Calculated reaction enthalpies (AAHfO) and reaction energies (AE) for reactions (1) and (2). 

'In kcaVmol. b ~ e n s i t y  functional method (BLYP6-31G*); O AAAH(AAE) = AAH(1) (AE(1)) - AAH(2) (AE(2)). 

ACKNOWLEDGEMENT 

The generous suppolt of our work by the Fonds der Chemischen Industrie is gratefully acknowledged, 

REFERENCES AND NOTES 
1. XI: 0. Peters and W. Friedrichsen,Helerocyclic Communications, in press. 

2. Synbesis and reactions of 4,6-diphenyl-3-mebylfuro[3,4-d]isoxml: L. Mmann, L. Palm, M. Zmder, and W. Friedrichsen, 
Chem. Ber.,1991,124,2481. 

3. L. Mmann and W. Friednchsen,Hetemcycle3, 1989.29. 1003. 



HETEROCYCLES, Vol. 43, No. 6,1996 n69 

4. L. AOmano, T Debaerdemaeker, and W. Friedrichsen, TiWahedronLett., 1991,32, 1161. 

5. 5a B. Neises and W. Steglich, Angew Chem., 1978,90,556, Angew Chem., Inf. Ed. Engl., 1978,17,552. - 5b. A Hassuer 

and V Alexanian, Tetrahedron Len, 1978,4475. 

6. All new compounds have be characterized by u, uv, 'H mu, I3c mu and high resolution mass speotrosoopy (either El and/or 

CI mode). 

7. M. Regit& Chem. Ber., 1965,98,1210. 

8.. M. Hsmaguohi and T. Ibata, Chem. Len, 1976,287. 

9. AM1 and PM3  calculation^'^ " indicate that the phenyl group of 3j may exert an anisotropic influence on the Me group. 

10. 10a. J 1. P. Stewsrt in Redews in Compurafional Chemisny (K. B. Lipkowitz and D. B. Boyd, Eds.), VCH Publishers, New 

Yak 1990. - lob. W. 1. Hehre, L. Radom, P. v. R Schleyer, and I. k Pople, Ab initioMolocular Orbital Theory, Wily, New 

York 1986. 

11. Aocording to these calculations there are at least two diffaent conformers of 3j (C(6)CH3-Ph: syn (AM1: -22.9 koavmol, PM3: 

-54.7 koaVmol); C(6)CH3-Ph: anti (AM1: -23.4 kcsVmol; PM3: -52.8 kcdmol)) ( A T  values). 

12. 2f: 56%. colorless oil; ir (film): 1748 om-', 1722; 'H nmr (CDCI,): b=1.95 ppm (tt, 2H,'11=6.4 Hz, 3~2=7.0 Hz, CH2-CH2- 

CH,) 2.00 (t, IH, '1-2.7 Hz, C=CY), 2.34 (td, 2H, 3~l=7.0 Hz, '1,=2.7 Hz, C&-C=CH), 2.49 (s, 3H, CH,), 3.75 (s, 3H, 

C0+2H3,4.15 (s, 2H, CH2C02CH3), 4.39 (t, 2H, '14.3 Hz, 0CH2). - 2k: 83%, yellow oil; (film): 2130 om-', 1725,1714. 

13. 3k u p r ) :  3267 ad, 1702,1654,1595; uv(MeCN) A (log E ) :  214 nm (4311). 267 (4.199), 295 (4.289); ' H M ~  (CDCI,): 

b=2.02 ppm (t, lH, J-2.7 Hz, -C=CH), 2.01-2.15 (m, 2H, C&-CH2-C=CH), 2.38-2.47 (m, ZH, -CH2-C=CH), 2.43 (s, 3H, 

CH3), 4.63 ( t  W ,  1 4 . 1  Hz, OCH3, c (CDCI,): b = 11.18 ppm (q, CH,), 14.86 (t, GH2-CCH), 27.76 (t, CH2-CH2- 

CeCH), 51.37 (q, C02GH3), 69.86(d, C=CH), 70.97 (I, OCHd, 82.01 (s,C=CH), 101.17 (s, C-3s). 111.59 (s,C-6). 148.81 

(s, C-4). 151.18 (s, C-3). 157.40 (s, C02CH3, 16238 (s, C-68); ms (70 eV): calcd for C13H13N0,: 263.0793, found 263.0792. 

14. SpacewupP1 Celldimmiom: a=  10.1710(13)A, b = 10.729 (3)A,c= 13.429(2)& cr =69.0700 (14), p =86.2200 (11). 

y= 66.270° (13). CSD numberi5: 404654. 

15. Details can be obtained by ~efen'ing to this number from Facbinformationsucnhum Karlsruhe, D-76344 Eggenstein- 

Leopaldshafen. 

16. MOPAC, Version 6.0 and Version 6.12 were used: QCMP 113, @2EBulletin, 1992,12,72. 

17. Gaussian 92, Revision E.2, M. I. Prisch, G. W. Trucks, M. Head-Gorden, P. M. W. Gill, M. W. Wong, J. B. Foresman, B. G. 

JohaMZH B. Sohlegel, M. A Robb, E. S. Replogle, R Gomperts, I. L. Andres, K. Raghavachari, I. S. Binkley, C. Gonzslez, 

R L. M&,D. I. Fox, D. I. Defrees, I. Baker, 1 . 1  P. Stewart, and I. k Pople, Gaussian, Inc., Pittsburg PA, 1992. 

18. Gaussian 92iDFT. Revision G.3, M. I. Frisch, G. W. Trucks, H. B. Schlegel, P. M. W. Gill, B. G. Johnson, M. W. Wang, 1. B. 

Foresman, M. k Robb, M. Head-Gorden, E. S. Replogle, R Gomperts, I. L. Andres, K. Raghavachari, J. S. Binldey, C. 

Goozal-R L. M&, D. J. Fox, D. I. Defrees, 1. Baker, I. I. P. Stewart, and I. A Pople, Gaussian, Inc., Pittsburg PA, 1993. 

19. 19s. R G. P m  and W. Yang,DenrifyFuncrional Theoy ofAroms andMolecules, Oxford University Press, Oxford 1989. - 
19b. I. K. Labanowski and 1. W. Andzelm, Demify FuncfionolMerhod~h m Chemisny, Springer Verlag, New York 1991. - 19c. 

T. Ziegler, Chem. Rev., 1991.91.651. 

20. 20a. I. Baker, M. Muu, and J. W. Andzehn,J Chem Phys., 1995,102,2063. - 20b. F. M. Bickelhaupt, M. Sola, and P. v. R 

Schleyer, J Compur Chem., 1995,16,445. - 200. R H. Herhvigand W. Koch, J. Compuf. Chem., 1995.16.576. - 20d B. 

Jursio and Z. Zdravkorski, J Chem. Soc.. Perkin Tmm. 2, 1995,1223. 

21. Details af comparison between HF, post HF, and DFT methods are avai~able.'~. ' O  

22. A D. Becke,Phys. Rev A, 1988,38,3098. 

23. C. Lee, W. Yang, and G. P m ,  PhyxRpv. B, 1988,41,785. 

24. Y. Kita, R Okunaga, T. Honda, M. Shindo, M. Taniguohi, M. Kendo, and M. Sasho, 0%. Chem., 1991,56,119. 

25. 2g: Colorless oil, 62%; ir (film): 2238 om.', 1744, 'H c (CDCI,): b = 2.02 ppm (tt, 2H, Jl=7.2 Hz, J2=6.2 Hz, CH,-CH2. 



ll70 HETEROCYCLES, Vol. 43, No. 6,1996 

CH3.2.48 (s, 3H, CH,), 2.50(t, W,J=7.2Hz, CH2-C-C), 3.75 (s, 6H. C02CH3),4.13 (s, W, CH2-C02CH3), 4.37 ( 1 . a  

1 4 . 2  Hz, OCH3. 

26. 21: Yellow oil, 83?6 u (film): 2238 om?, 2131, 1735,1714; 'H c (CDCI,): b = 2.03 ppm (tt, 2H, J14 .3  Hz, J2=7.1 Hz, 

CH2-CH2-CH2), 2.46 (s, 3H, CH,), 2.50 (t, W, 1=7.1 Hq CH2-C=C), 3.75 (s, 3H, C02CH3), 3.90 (s, 3H, C02CH3), 4.40 (t, 

2H, 14.3  Hz, OCHJ. 

27. 5b: Yellow ctystals, mp 161DC, 17%; u (KBr): 1751 cm-', 1737; 'H nmr (CDCI,): 6 = 1.96-2.05 ppm (m, 2H, Cq-CH2- 

CH2), 2.24-2.30 (m, W ,  0CH2-CH2-C&), 2.50 (s, 3H, CH,), 3.80 (s, 6H, C02CH3), 4.19-4.25 (m, 2H, OCHd, 13c c 

(CDCId: b=ll.Zppm(q,CH3),21.60(t,C-7),22.02(t,C-6),53.66(q,CO2C&),66.43 (1.C-5),74.24(s,C-8), 109.26(s, 

C-7s). 124.95 (s, C-3n), 142.27 (s, C-3b), 156.69 (s, C-3). 156.98 (s, C-94, 164.98 (s,c02CH3), 177.87 (s, C-9). 

28. Reactions of this type an well known: 28a. K. Hildebrandt, Dksertation, University of Kiel 1987. - 28b. 1. Nagel, W. 

Friedriohm, and T. Debaerdemaeker, Z. Narurfonch., 1993,48b, 213. - 28c. I. E. Cockan and k Padwa, Tetrahedron Lett., 

1995,36,3495. 

29. Spacegoup: PZ1/a. Cell dimensions: a =  8.458 (2) A, b = 17.842 (6) A, o= 10.518 (2) A d  = 900, 8 = 110.11" (2). y = 90°. 

CSD number": 404649. 

30. 2b: Colorless oil, 69% u (film): 2242 cm-', 1747, 1719; 'HC (CDCI,): b = 2.50ppm (s, 3H, CH,), 2.78 (t, W, 1 4 . 3  Hz, 

CHrCzC), 3.74 (s, 3H, C02CH3), 3.76 (s, 3H. C02CH3), 4.15 (s, W, CH2-C02CH3), 4.41 (t,2H, 1 4 . 3  Hz, OCH3. 

31. 2m: Fine yellow needles, mp WC,  80% ir PI): 2242 cni', 2137,1725,1707; 'H nmr (CDCI,): b = 2.48 ppm (s, 3H, CH,), 

2.80(t,2H,14.3Hz,CH2-C~C),3.77(s,3H,CO2CH3),3.88(s,3H,CO2CH3),4.42(t, W, 1=6.3H&OCHJ. 

32. 6: ColorLessneedles,mp 10Z°C; u W r l  1750cm?, 1726,1613; '~nmr(CDC1,): 6 -2.331 (s, 3H, CH,), 3.06 (1, W ,  1=9.6 

HZ, CH2-C=C), 3.75 (s, 6H, C02CH3), 3.91 (s. 3H, C02CH3), 4.04 (s, lH, CH), 4.53 (t, 2H, 1=9.6 Hz, OCH,); 13c nmr 

(CDCI,): 6 = 10.34 (q, CH,), 31.59 (t CHZ-cH2-C=C), 50.09, (d, CH), 52.71 (q, COSH,), 52.93 (q, COGH,), 70.17 (t, 

Ck!,-CH2-C=C). 109.34 (s, Cq-CH2-C=C), 114.36 (s, C-4). 143.30 (s, CH2-CH2-CS), 156.60 (s, C-5). 156.81 (s, C-3). 

161.10(s,C02CH3), 167.85 (s,C02CH3). -X-ray data: Space group P1. Cell dimensions: a =  7.873 (2) A, b = 13.382 (4) A, 
c= 16.028 (2) k a = 108.34' (Z), 8 = 90.42' (2). y = 97.92" (2). CSD number'? 404749. 

33. 'Id: u(KBr): 3600-2800 om-', 1718, 1618; ' H ~ ( c D C I , ) :  6 = 2.45 ppm (s, 3H, CH,), 3.85 (s, 3H, C02CH3), 4.10 (s, ZH, 

CHzA9.56(s, 1H,C02H), "C~~~@JDMSO) :  6 = 11.09 ppm (q, CH,), 33.09 (t, cH2-CO,CH,), 52.66 (q, OCH,), 109.46 

(s,C-4), 159.29(s, C-3). 161.68 (s,C02CH3), 168.22(s, C-5). 171.56(s, CO2H). 

34. 2i: Colorless oil, 62%; ir (film): 2128 om-', 1753, 1729; 'H c (CDCI,): 6 = 2.47 (s, 3H, CH,), 2.50 (t, lH, 'J=z.~ Hz, 

C=CH), 3.86 (s, 3H, C02CH3), 4.16 (s, 2% Cb-CO), 4.75 (4 W, '1=2.5 Hq OCH3 

35. 2n: Yellow oil, 96%: u (film): 2135 om", 1726, 1714; 'H nmr (CDCI,): 6 = 2.46 (s, 3H, CH,), 2.53 (t, lH, 'J= 2.5 Hq 

C=CH), 3.88 (s, 3H, C02CH3), 4.89 ( 4  2H, 'k2.5 OCH3. 

36. 3n: Colorless needles, mp 139% 68Y4 ir (KBr): 3252 om-', 2126,1710,1648; w (MeCN) A (log E): 213 nm (4.321). 268 

(4.172),294(4.295); 'Hnmr (CDC!,): 6 =2.42 ppm (s, 3H, CH,), 2.51 (t, 1 ~ , ~ 1 = 2 . 5  Hz, CeCH), 4.23 (s, 3H, OCH,), 4.88 

(4m4J=2.5 Hz,0CH2); c (CDCI,): 6 = 11.06 (q, CH,), 51.64 (q, OCH,), 58.74 (t,OCHZ), 74.91.(d, CEGH), 77.91 

(s,C-CH), 110.11 (s,C-3a). 111.28 (s,C-6), 149.74(s, C-4), 151.28 (s,C-3), 155.97 (s,C02CH& 163.27 (s,C-6a). 

37. 37a W. Friedrichsen ioHouben-Wd, Merhoden der Organkchen Chemie (R Kreher, Ed.), Vol. E6bl. Gemg G e m e  Verlag, 

Shltfgart 1994, p. 163. - 37b. 0. Peters and W. Friednohsen in Trendr in Heremcyclic Chembhy, in press. 

38. D. T0bia.R Harrison, B. Phillips, T. L. White, M D i m ,  and B. Rickbom,.I O g .  Chem., 1993,58,6701. 

Received, 13th February, 1996 


