
-0 
m 
IJ 
Pi - n z Pyryliumolates XI-generation of and cycloaddition reactions 

with isoxazole annulated pyryliumolates 

Carsten Plug and Willy Friedrichsen * 
Institute of Organic Chemistry, University of Kiel, Olshausenstrak 40160, 0-24098 Kiel, 
Germany 

Isoxazole annulated pyryliumolates (formed in situ from diazo compounds 3 and 6) can be trapped with 
DMAD to form 1 : 1 adducts (5,8) and in minor amount 2 : 1 adducts (Schemes 4 and 5). Suitably 
substituted pyryliumolates (7b,c) undergo an intramolecular cycloaddition giving 9 and 10. Compound 
10 can be transformed easily to an annulated tropolone (11). Computational studies on 2: 1 adducts and 
on 11 are reported. 

Introduction 
Intramolecular cycloaddition reactions with c-annulated 
furans (A, Scheme 1) offer an attractive route for the 
preparation of a wide variety of [m-6-n] systems (B, C).334 An 
extension of this methodology towards the synthesis of [m-7-n] 
systems (E) seems obvious using pyryliumolates ' v 6  of type D as 
precursors. Both inter- and intra-molecular cycloadditions of 
pyryliumolates and their annulated derivatives are of course 
well known.6 Quite recently we succeeded in the preparation of 
a benzotropolone (1, Scheme 1)' and it seemed appropriate to 
use this procedure 7 3 8  to prepare [m-7-n] heterocycles with 
m = 5.  In this paper the generation of the corresponding 
pyryliumolates (4, 7; Schemes 2 and 3) and some inter- and 
intra-molecular cycloadditions are reported. 

Preparative results 
As starting material for the in situ generation of 4 and 7 the 
isoxazole derivative 2a was used. Selective saponification 
(potassium hydroxide, 0 "C, 1 h) gives the monoester 2b l o  in 
quantitative yield. Treatment of 2b with oxalic acid dichloride 
and subsequently with diazomethane results in the formation of 
diazoketone 3. Adding dirhodium tetraacetate ' and an excess 
of dimethyl acetylene dicarboxylate (DMAD) to a solution of 3 
in toluene and allowing the mixture to stir at 110 "C for 1.5 h 
revealed the generation of at least three products. Compound 5 
was obtained in 59% yield. The structure of 5 (as compared to 8, 
vide infra) can be proved by 13C NMR spectroscopy. For C-8a 
there is a signal at 6 = 154.45; d(C-3a) appears at 129.75 ppm. 
The corresponding values for 8 are found at d(C-8a) = 175.97 
ppm andd(C-3a) = 110.21 ppm. Additionally, two 2 :  1 adducts 
(from a reaction of 4 and 5)  could be isolated in 7 and 3% yield, 
respectively. In principle, six stereo(regi0)isomers are possible 
(Scheme 4). According to the heteronuclear multiple bond 
correlation (HMBC) spectra structures 15-17 can be excluded. 
Molecular model and semiempirical quantum chemical 
calculations (AM1, PM3) show quite clearly that in 13 the two 
halves of the molecule are highly congested (see Fig. 1) and it 
appears that only structures 12 and 14 seem to be possible 
candidates for these 2 : 1 -adducts. But as there are double sets of 
signals in the NMR spectra ('H, I3C) the detailed structures of 
these adducts remain unclear. 

The pyryliumolates 7a,b,c (Scheme 2) were generated using a 
similar method as that reported for 4. Selective esterification of 
2c yields the monoesters 2d-f,I4 which were transformed into 
the diazo compounds 6 a s  using the methodology described 
above. Generation of 7a in the presence of DMAD gives 8 in 
68% yield. Again a 2 : 1 adduct (from the reaction of 7a and 8) 
could be isolated, albeit in low yield (2%). The structure [six 
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isomers (Scheme 5 ,  18-23) are conceivable] remains unclear. 
As in the benzo series' pyryliumolate 7b,c can undergo 
intramolecular cycloadditions. 

Transition metal [Rh,(OAc),] catalysed decomposition of 
6b in boiling toluene gives the tetracyclic adduct 9 in yields up 
to 84%. 

It is of interest to note that only one isomer has been isolated 
from the reaction mixture. Its structure has been proved 
unequivocally by 'H NMR and COSY measurements. The 
stereochemistry at C-6a could be determined by coupling 
constant analysis. As shown in Fig. 2, the 'H NMR signal of 
6a-H is split by one small ( J  = 4.6 Hz) and three larger ( J  = 
10.3,9.3 and 14.6 Hz) couplings. In case of an endo-adduct one 
would expect substantially smaller J values. 

Using 6c as starting material the cycloadduct 10 could be 
obtained, albeit in somewhat lower yield (45%). Earlier 
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experiments have shown that tetracyclic compounds of this type 
may serve as starting material for the preparation of annulated 
tropolones. ’ In strict analogy to this reaction the acid-catalysed 
ring opening of 10 gives compound 11 as yellow crystals in 95% 
yield. This route seems to offer a convenient entry into the field 
of heteroannulated tropolones. 

Computational studies 
The 2: 1 adducts (12-23) 
As has been pointed out above the reaction of 5 (Scheme 2) 
with a second molecule of 4 may give rise to six possible 
stereo(regio)isomers (Scheme 4). We have investigated the 
structures and energies (heats of formation, AfW) by 
semiempirical quantum chemical methods (AM 1, PM3).”-” 
Some results are given in Table 1. According to expectations 
there are two different types of 2 :  1 adducts. Whereas 
compounds 12,14,15 and 17 are less hindered (AfW = -215 
kcal mol-’ [AMl]) the all-cis adducts (13, 16) are more 
hindered (see Fig. 1) with a substantially lower heat of 
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Fig. 1 PLUTO plot of 13 (AM1 optimized structure) 
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Fig. 2 Coupling constants in 9 between H’ and H2-H5 (values in Hz, 
measured in CDCI,) 

formation (AfW = - 198 kcal molF’ [AMl]). Similar results 
are obtained for the 2 : 1 adducts which are formed from 7a and 
8 (Scheme 5). Whether the formation of the 2:l  adducts is 
controlled thermodynamically remains unclear. 

The 5-hydroxycyclohepta [ 1,2-4 isoxazole-4(7H)-one- 
4-hydroxycyclohepta [ 1,2-4 isoxazole-5(6H)-one equilibrium 
As already reported for benzannulated pyryliumolates ’ and 
also observed in the isoxazole series treatment of 10 with strong 
acids yields an annulated tropolone 11. It is of interest whether 
an equilibrium between 11 and a tautomer resulting from a H- 
shift from the hydroxy group to the carbonyl group can be 
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expected. Although there is no experimental evidence for such 
an equilibrium a computational study has been undertaken in 
order to gain insight into the energy difference between these 
two tautomers, especially in comparison with their 
benzanalogues. 

In order to simplify the computational effort the calculations 
were performed for model compounds (24, 25). On the 
semiempirical level (AM1, PM3) one obtains AA,W = 
A,HO(24) - A,W(25) = 5.1 (5.5) kcal mol-' (Table 2) which 
according to expectations is less than the corresponding values 
for 26 and 27 (AA,HO = 14.9 (17.5) kcal mol I). On the ab initio 
level (MP2/6-3 1 G*//6-3 lG* + ZPE) values of AAE (25-24) = 
8.5 kcal mol-' and AAE (27-26) = 10.3 kcal mol-' were 
obtained. A density-functional theory study using Becke's 
exchange with Lee, Yang and Parr 2o correlation functional 
(BLYP) in a 6-31G* basis reduce the former value to AAE 
(25-24) = 5.1 kcal mol-'. 

Selected bond lengths for 24 and 25 are given in Table 3. 
Interestingly, the results of ab initio calculations on the RHF/6- 
31G* level show C=O distances, which may be too short. An ab 
initio treatment of tropolone (RHF/6-3 lG*) yields a similar 
result. One obtains r ( M )  = 1.212 A, which is at variance with 
an X-ray study of this molecule.21.22 

The transition state energy for the tautomerisation 24 e 25 
is obtained as 29.7 kcal mol-' (AMI). The geometry of the 
transition state is shown in Fig. 3. According to this 
computational model the molecule is essentially planar. The 
hydrogen atom H-9a is positioned nearly symmetrically 
between 0-9  and 0-10 Cr(0-9-H-9a) = 1.31 1 A; r(0-10- 
H-9a) = 1.278 A] in agreement with results on similar systems. 

Experimental 
All mps were determined on a Dr Tottoli melting point 
apparatus and are uncorrected. IR spectra were recorded on a 
Perkin-Elmer FTIR 1600 spectrophotometer. NMR spectra: 
Bruker AM 300 (300 MHz: FT 'H NMR; 74.76 MHz: I3C 
NMR); Bruker AC 200 (200 MHz: FT 'H NMR; 50.31 MHz: 
13C NMR); Varian EM 360 (60 MHz, 'H NMR), internally 
referenced on Me,Si (CDC1,) or DMSO (C2H,]DMSO). 
J values are given in Hz. UV spectra: Zeiss DMR 10 

Table 1 
compounds 12-23 (AMl)b 

Calculated heats of formation (A,W in kcal mol-')" for 

Compound A f P  Compound A f P  

12 -214.0 18 
13 - 198.4 19 
14 -213.9 20 
15 -216.4 21 
16 - 198.5 22 
17 -214.7 23 

- 220.8 
- 209.7 
-214.3 
- 225.7 
- 21 3.4 
- 224.3 

a 1 cal = 4.184 J .  'All stationary points have been characterized as 
minima on the potential hypersurface by calculation and diagonaliz- 
ation of the Hessian matrix. 

spectrophotometer; mass spectra: Finnigan MAT 8230 mass 
spectrometer by using 70 eV ionisation potential (EI) or the 
chemical ionisation (CI) (isobutane) method. Radial chromatog- 
raphy was carried out with a Harrison-Research Chromatotron 
on silica gel PF,,, (Merck, Darmstadt). 

Materials 
Toluene and ether were distilled over metal sodium. Acetone, 
dichloromethane and pentane were distilled from phosphorous 
pentoxide. Pent-4-en01 and pent-4-ynol were prepared from 
tetrahydrofurfurylchloride 23 by treatment with metal sodium 
in ether2, or sodium amide in ammonia.23 Dimethyl 3- 
methylisoxazole-4,5-dicarboxylate 2a was obtained from 
reaction of DMAD with acetonitrile oxide.' All other chemicals 
were used in the commercially available quality (Aldrich). 

3-Methyl-4-methoxycarbonylisoxazole-5-carboxylic acid 2b 
A solution of 238 mg (4.2 mmol) potassium hydroxide in 5 ml 

24 25 

26 27 

Scheme 6 

W 

Fig. 3 PLUTO plot of the transition state 24 F= 25 (AM 1 optimized 
structure) 

Table 2 
studies on 24-27 

Results of semiempirical (AMl, PM3), ab initio (RHF/6-31G*, MP2/6-31 G*//6-3 lG*) and density-functional theory (BLYP/6-31G*) 

Method 
Compound 

24 25 26 27 TS 

AM1" -1.5 + 3.7 - 16.9 - 2.0 29.7' 
PM3 a - 11.4 - 5.9 - 19.3 - 1.8 - 

RHF/6-31G* - 584.819 51 - 584.802 59 - 570.916 04 - 570.889 72 - 
RHF/6-3 1 G* + ZPE 0.0 10.2' 0.0 16.2f - 
MP2/6-31G*//6-31G* -586.513 44d - 586.499 19 - 572.650 74 - 572.633 79 - 

BLYP/6-3 1 G* - 588.074 8 1 - 588.066 73 - -- 

MP2/6-3 1 G*//6-3 lG* + ZPE' 0.0 8.5" 0.0 10.3 - 
- 

~~ ~ 

a Values in kcal mol-'. Transition state. Transition state for the equilibrium 24 F+ 25. Values in hartree (e.u.). E (24) = 0.0. f E (26) = 0.0. 
9 Zero point vibrational energy from RHF/6-31G* calculations. AE (25 - 24) = 5.1 kcal mol-'. 

J. Chem. SOC., Perkin Trans. 1, I996 1037 



Table 3 Calculated bond length of compounds 24 and 25 (values in A) 

RHF/6- BLYP/6- 
AM1 a PM3 a 31G*b 31G* 

r (a-b) (24) 
r (c-d) (24) 
r (b-e) (24) 
r (dx )  (24) 
r (a-b) (25) 
r (c-d) (25) 
r (b-e) (25) 
r (d-e) (25) 

1.247 
1.376 
2.107 
0.975 
1.369 
1.251 
0.978 
2.100 

1.232 
1.364 
1.934 
0.963 
1.353 
1.236 
0.967 
1.900 

1.209 
1.330 
1.964 
0.956 
1.914 
1.216 
0.962 
1.908 

1.264 
1.348 
1.803 
1.013 
1.333 
1.274 
1.036 
1.695 

a Values for tropolone.22 
r (c-d) = I .331 A, r (b-e) = 1.939 A, r (d-e) = 0.956 A. 

Values for tropolone: r (a-b) = 1.212 A, 

methanol was added dropwise to an ice-cold solution of 400 mg 
(2 mmol) 2a in 10 ml methanol. After stirring for 1 h the 
precipitate was filtered off, washed with methanol and ether, 
suspended in dichloromethane and acidified with 30 ml 1 M 
sulfuric acid. The organic phase was washed with water, dried 
over Na,SO, and evaporated. The residue was recrystallized 
from pentane-ether to provide 336 mg (91%) of 2b as colourless 
crystals; mp 89-91 "C; v,,,(KBr)/cm-' 2961, 2300-3500, 1752, 
1638,1599,1196,1130 and 762; &,,,(EtOH)/nm 220 (log E 3.84); 
6,(60 MHz, CDCl,) 2.52 (3 H, s, CH,), 4.09 (3 H, s, OCH,) and 
13.29 (1 H, s, OH); &(50 MHz, CDC1,) 12.37 (q, CH,), 54.68 
(q, OCH,), 112.56 (s, 4-C), 153.82 (s, 3-C), 160.44 (s, 5-C), 
163.39 (s, COOH) and 166.35 (s, CO, ester); m/z (CI) 371 
(dimer + H'), 186 (M + H'), 185 (M') and 101. 

3-Methylisoxazole-4,5-dicarboxylic acid 2c 
A suspension of 16.0 g (80 mmol) of diester 2a in 100 ml 2 M 
sodium hydroxide solution was refluxed for 3 h. The clear 
solution was treated with 100 g ice, acidified with 2 M 
hydrochloric acid and evaporated in vacuo. The residue was 
extracted with ether, the combined extracts dried over Na,SO, 
and evaporated. The residue was recrystallized from ether- 
pentane to provide 14.0 g (99%) of colourless crystals; mp 175- 
179 "C (decomp.); vmaX(KBr)/cm-' 3500-2200, 1700, 1627, 

CH,), 10.5-11.0 (1 H, br, OH); &(50 MHz, C2H,]DMSO) 

and 162.58 (3 s, 5-C, 2 COOH); mjz (CI) 172 (M + H + )  
(Found: 172.0246; C6H5N05: 172.0245) and 153 (M - H,O'). 

1407, 1267 and 1209; dH(200 MHz, [*H6]DMSO) 2.39 (3 H, s, 

11.26 (9, CH,), 114.37 (s, 4-C), 158.33 (s, 3-C), 160.44, 162.42 

Methyl 5-diazoacetyl-3-methylisoxazole-4-carboxylate 3 
A solution of 270 mg (1.46 mmol) monoester 2b in 2 ml oxalic 
acid dichloride was refluxed for 30 min. After removal of the 
excess of oxalic acid dichloride the residue was taken up with 
20 ml of ether and added dropwise to an excess of ethereal 
diazomethane. After 10 min the mixture was treated with 2 g 
silica gel and then filtered through a short column of silica 
gel. After evaporation of the ether the solid residue was 
recrystallized from ether-pentane to provide 281 mg (92%) 
yellow crystals; mp 81-83.5 "C; v,,,(KBr)/cm-' 3121, 21 11, 
1731, 1644 and 854; l~,,,(EtOH)/nm 216 (log E 3.92), 249 (3.91) 
and 302 (4.06); &(60 MHz, CDCI,) 2.41 (3 H, s, CH3), 3.82 (3 
H, s, OCH,) and 6.17 (1 H, br, CHN,); 6,(50 MHz, CDCl,) 
11.44 (9, CH,), 52.62 (q, OCH,), 58.54 (d, CHN,), 112.48 (s, 
4-C), 160.48 (s, 3-C), 161.51 (s, 5-C), 165.50 (s, CO, ester) and 
173.61 (s, CO, ketone); m/z (CT) 210 (M + H+).  

Reaction of pyryliumolate 4 (formed in situ from diazoester 3) 
with DMAD 
Dirhodium tetraacetate (10 mg) was added under nitrogen to a 
solution of 404 mg (2.85 mmol) DMAD and 85 mg (0.41 mmol) 
3 in 100 ml toluene. After refluxing for 90 min the mixture was 
concentrated to 2 ml and 20 ml of ether were added. The 
precipitate was filtered off and washed with ether yielding 6 mg 

(3%) of a 2: 1 adduct as colourless crystalline powder 
(dichloromethane-pentane); mp 203-205 "C; v,,,(KBr)/cm-' 
2995, 1719, 1654, 1296, 1027 and 927; R,,,(EtOH)/nm 209 
(4.04) and 250 (sh, 3.53); 6,(300 MHz, CDCl,) 2.42,2.45 (6 H, 2 
s, 2 CH,), 3.47, 3.56, 3.78, 3.87 (12 H, 4 s, 4 OCH,), 4.99 and 
5.23 (2 H, 2 s, 2 CH); &(75 MHz, CDCl,) 10.25, 10.28 (2 q, 
CH,), 51.35, 52.28, 52.76, 52.86 (4 q, 4 OCH,), 78.00 (d, 10-C), 
85.74 (d, 11-C), 110.64 (s, 4-C), 119.07 (s, 4a-C), 119.72 (s, 10a- 
C), 132.22 (s, 12a-C), 135.31 (s, 8a-C), 150.44 (s, 5a-C), 155.61 
(s, 3a-C), 155.83 (s, 3-C), 160.32 (s, 6-C), 162.36 (s, CO, ester), 
162.88 (s, CO, ester) and 179.90 (s, C-9), 185.59 (s, C-12); a 
signal for 5-C could not be detected; m/z (CI) 505 (M + H'). 

The filtrate was evaporated and the residue was subjected 
to radial chromatography on silica gel with pentane-ether 
(3 : 1) to provide 78 mg (59%) dimethyl 7,8-dihydro-4,7-epoxy- 
4-methoxy-3-methyl-8-oxo-4H-cyclohept~[~]isoxazole-5,6- 
dicarboxylate 5 as colourless rhombic crystals (ether-pentane); 
mp 83-84.5 "C; v,,,(KBr)/cm-' 2963, 1758, 1739, 1722, 1593, 
1020 and 946; dH(3O0 MHz, CDC1,) 2.46 (3 H, s, CH,), 3.61, 
3.83, 3.9 1 (9 H, 3 s, 3 OCH,) and 5.50 (1 H, s, 8-H); 6,(75 MHz, 
CDC1,) 10.14 (q, CH,), 53.00 (q, 2 OCH,, ester), 53.12 (9, 
OCH,, ketal), 85.66 (d, 7-C), 111.06 (s, 4-C), 129.75 (s, 8a-C), 
138.06 (s, 5-C), 147.63 (s, 6-C), 154.45 (s, 3a-C), 156.19 (s, 3-C), 
160.31, 162.20 (2 s, CO, ester) and 180.06 (s, CO, ketone); m/z 
(EI) 323 (M+) (Found: 323.0640; CI4H,,NO,: 323.0641). A 
further 14 mg (7%) of a 2: 1 product could be isolated; colour- 
less crystals (ether-pentane), mp 189-1 9 1 "C; v,,,(KBr)/cm-' 

2.37, 2.45 (6 H, 2 s, 2 CH,), 3.50, 3.73, 3.80, 3.84 (12 H, 4 s, 
4 OCH,), 5.12 and 5.48 (2 H, 2 s, 2 CH); 6,(75 MHz, CDCl,) 
10.16, 10.35 (2 q, 2 CH,), 51.03 (2 q, 2 OCH,), 52.69, 52.91 
(2 q, 2 OCH,), 81.78 (d, 5-C), 86.56 (d, 11-C), 110.30 (s, 4-C), 
120.24 (s, 4a-C), 120.65 (s, 1Oa-C), 130.22 (s, 12a-C), 134.70 (s, 
5a-C), 150.25 (s, 9a-C), 155.32 (s, 3a-C), 155.65 (s, 3-C), 159.65 
(s, 9-C), 160.37, 161.56 (2 s, 2 CO, ester), 162.13 (s, 6-C) and 
178.33 (s, C-11); m/z (CI) 505 (M + H'), 324. 

2958, 1728, 1654, 1607, 1297 and 915; 6,(200 MHz, CDC1,) 

Formation of 4-diazoacetyl-3-methyl-5-carboxylates 6 
General procedure. To a suspension of 342 mg (2 mmol) of 

diacid 2c, 2 mmol of pent-4-en01 (171 mg), pent-4-yno1(170 mg) 
or methanol (64 mg) and 20 ml dichloromethane was added a 
solution of 41 2 mg (2 mmol) DCC in 10 ml dichloromethane at 
rt. The mixture was stirred for 20 h and the precipitate (DCU) 
was filtered off. After removal of the solvent the residue was 
taken up with acetone, filtered and evaporated to dryness. This 
last step was repeated once. The residue, a colourless oil, was 
treated with 2 ml oxalic acid dichloride; a vigorous evolution of 
gases took place. After stirring for further 20 h the excess of 
oxalic acid dichloride was removed under reduced pressure. The 
crude acid chloride was taken up with ether and was added to 
an excess of an ethereal diazomethane solution. The mixture 
was stored at rt for 1 h, treated with 2 g of silica gel, stirred for 
2 min and filtered through a short column of silica gel. After 
removal of the ether the residue was purified by radial 
chromatography on silica gel with pentane-ether (9 : 1, pent-4- 
enol) or pentanexther (3 : 1). 

Methyl 4diazoacetyl-3-methylisoxazole-5-carboxylate 6a. 
105 mg (25%) yellowish crystals from pentane-ether, mp 56- 
58°C; vmax(KBr)/cm-' 3106, 2117, 1733, 1609 and 1578; 
I1,,,(EtOH)/nm 235 (log E 4.22) and 293 (3.98); 6,(300 MHz, 
CDCl,) 2.41 (3 H, s, CH,), 3.92 (3 H, s, OCH,) and 6.30 ( I  H, 
br, CHN,); &(75 MHz, CDCl,) 11.44 (q, CH,), 53.39 (4, 
OCH,), 59.08 (d, CHN,), 121.42 (s, 4-C), 156.45 (s, 3-C), 157.59 
(s, 5-C), 160.91 (s, CO, ester) and 179.16 (s, CO, ketone); m/z 
241 (M" + isobutane - N2). 

Pent-4-enyl 4-diazoacetyl-3-methylisoxazole-5-carboxylate 
6b. 181 mg (34%) yellow oil; v,,,(neat)/cm-' 3123, 2109, 1732, 
1621 and 1287; A,,,(EtOH)/nm 235 (log E 4.23) and 292 (3.98); 
6,(300 MHz, CDCl,) 1.85-1.99 (2 H, m, 2'-H), 2.22 (2 H, dddt, 
J7.6,  7.0, 6.7 and 1.5, 3'-H), 2.50 (3 H, s, CH,), 4.42 (2 H, t, J 

1038 J. Chem. SOC., Perkin Trans. 1,1996 



6.7, 1'-H), 4.97 (1 H, ddt, J7.6,2.0 and 1.5, 5'-H, trans), 5.04 (1 
H, ddt, J 17.0,2.0 and 2.0, 5'-H, cis), 5.84 (1 H, ddt, J 17.0, 10.3 
and 6.7, 4'-H) and 6.48 (1 H, br, CHN,); &(75 MHz, CDC1,) 
11.40 (9, CH,), 27.54 (t, 3'-C), 29.80 (t, 4'-C), 59.02 (d, CHNJ, 
66.30 (t, 1'-C), 115.81 (d, 4'-C), 121.18 (s, 4-C), 136.75 (t, 5'43, 
156.73 (s, 5-C), 157.18 (s, 3-C), 160.83 (s, COO) and 179.26 (s, 
CO, ketone); m/z 264 (M + H'). 

Pent-4-ynyl 4-diazoacetyl-3-methylisoxazole-5-carboxylate 
6c. 212 mg (41%) yellow oil; v,,,(neat)/crn-l 31 13, 2147, 2109, 
1720,1608,1579 and 1 106; several signals of impurities could be 
observed in the NMR spectra. The crude product was used for 
further reaction. 

Reaction of pyryliumolate 7a (formed in situ from diazoester 6a) 
with DMAD 
A solution of 49 mg (0.24 mmol) diazoketone 6a in 50 ml 
toluene was added dropwise to a refluxing solution of 10 mg 
dirhodium tetraacetate and 270 mg (1.9 mmol) DMAD in 50 ml 
toluene. After additional refluxing for 2 h the solvent was 
distilled off and the residue was taken up with ether, filtered 
through a short column of silica gel and evaporated. The 
residue was subjected to radial chromatography on silica gel 
with pentane-ether (3 : 1) to provide the desired main product 
dimethyl 5,8-dihydro-5,8-epoxy-8-methoxy-3-methyI-4-0~0- 
4H-cyclohepta[dJisoxazole-6,7-dicarboxylate 8 (68%); colour- 
less needles (ether-pentane), mp 11 1-1 12 "C; v,,,(KBr)/cm-' 
2961, 1735, 1730, 1713, 1655, 1256 and 969; 6,(300 MHz, 
CDCI,)2.45 (3 H, s, CH,), 3.69, 3.83, 3.88 (9 H, 3 s, 3 OCH,) 
and 5.40 (1 H, s, 5-H); &(75 MHz, CDCl,) 10.23 (9, CH,), 
53.06,53.17, 53.82 (3 q, 3 OCH,), 86.91 (d, 5-C), 107.69 (s, 8-C), 
110.21 (s, 3a-C), 140.60 (s, 6-C), 145.25 (s, 7-C), 157.57 (s, 3-C), 
160.36, 162.54 (2 s, 2 CO, ester), 175.97 (s, 8a-C) and 187.15 
(s, 4-C); m/z 323 (M'), 283. As a minor product a 2:  1 adduct 
could be isolated; 2 mg (2%) colourless crystals (ether-pentane), 
mp 189-190 "C; v,,,(KBr)/cm-' 1740 (CO), 1721 (CO), 1674, 
1654,1308,1283,1042 and 890; A,,,(EtOH)/nm 233 (log E 2.50, 
sh); 6&00 MHz, CDCl,) 2.37 (3 H, s, CH,), 3.99 (3 H, s, 
OCH,), 6.85 (1 H, s, CH); m/z (CI) 421, 283, 282, the M +  peak 
was not observed. 

General procedure for decomposition of diazocompound 6 
A solution of 0.5-1 mmol diazo compound 6 in 150 ml toluene 
was added dropwise to a refluxing solution of 10 mg dirhodium 
tetraacetate in 50 ml of toluene under a nitrogen atmosphere 
over a period of 3 h. After additional refluxing for 1 h the 
solvent was evaporated and the residue was taken up with ether 
and filtrated through a short column of silica gel. After 
evaporation of ether the residue was purified by radial 
chromatography on silica gel with pentane-ether (3 : 1). 

5,l Oa-Epoxy-5,6,6a,7,8,9-hexahydro-3-methyl-4H,1OaH- 
pyrano [3,4-b]cyclohepta [ 1 ,2-d]isoxazol-4-one 9 
Diazo compound 6b (139 mg, 0.53 mmol) was decomposed 
following the general procedure. Recrystallisation from ether 
gave 104 mg (84%) colourless tetragona! crystals, mp 118- 
1 19 "C; v,,,(KBr)/cm-' 2959,2899,1709,1599 and 895; 6,(300 
MHz, CDCl,) 1.55 (1 H, dddd, J 13.4, 12.5, 10.6 and 3.7,7a-H), 
1.69 (1 H, dddddd, J 13.9, 3.7, 2.5, 2.0, 0.5 and 0.5, 8x-H), 1.83 
(1 H, ddddd, J 13.9, 13.4, 12.0, 4.5 and 3.0, 8P-H), 1.97 (1 H, 
ddd, J13.9,7.9and2.2,6~H),2.12(1 H,ddddd, J12.5,6.8,3.7, 
3.0 and 1.9, 7P-H), 2.14 (1 H, ddd, J 13.9, 8.9 and 2.1, 6P-H), 
2.19(1 H,dddddd,J10.6,7.9,6.8,2.1,0.5and0.5,6a-H),2.47(3 
H,s,CH,), 3.97(1 H,ddd, J12.0, ll.Oand2.5,9a-H),4.08(1 H, 
dddd, J 11.0, 4.5, 2.0 and 0.5, 9P-H), 4.65 (1 H, ddd, J8.9, 2.2 
and 0.5, 5-H); &(50 MHz, CDCl,) 10.37 (9, CH,), 22.89 (t, 8- 
C), 28.78 (t, 7-C), 33.53 (t, 6-C), 35.31 (d, 6a-C), 63.22 (t, 9-C), 
78.91 (d, 5-C), 103.29 (s, IOa-C), 112.16 (s, 3a-C), 157.25 (s, 3- 
C), 179.08 (s, lob-C) and 192.25 (s, 4-Cj; m/z235 (M') (Found: 
235.0839; C,2H, ,NO,: 235.0845). 

5,l Oa-Epoxy-3-met hyl-5,7,8,9-tetrahydro-4H, 1 OaH-pyrano- 
[ 3,441 cyclohepta [ 1,2-4 isoxazol-4-one 10 
Diazo compound 6c (261 mg, 1 mmol) was decomposed 
following the general procedure. Recrystallisation from ether- 
pentane gave 106 mg (45%) as colourless tetragonal prisms, 
mp 80-83 "C; v,,,(KBr)/cm-' 1700,1465,1065 and 926; 6,(300 
MHz, CDCl,) 1.90 (1 H, ddddd, J 14.0,8.9,7.1,7.1 and 4.4, 8~r- 
H), 2.05 (1 H, ddddd, J14.0,7.7,6.3,4.3 and4.3, 8P-H), 2.38 (1 
H, ddddd, J 16.4,9.2,7.6,2.9 and 1.6,7u-H), 2.43 (3 H, s, CH,), 
2.78 (1 H, ddddd, J 16.4, 6.3,4.2,0.8 and 0.8, 7P-H), 4.21 (1 H, 
dddd, J 12.0, 6.4,4.7 and 0.8, ~ M - H ) ,  4.25 (1 H, ddd, J 12.0, 6.9 
and 4.3, 9P-H), 5.04 (1 H, dd, J2 .6  and 1.6, 5-H), 6.17 (1 H, J 
2.9 and 2.6,6-H); 6,(75 MHz; CDC1,) 10.27 (9, CH,), 21.72 (t, 
8-C), 22.98 (t, 7-C), 65.29 (t, 9-C), 87.37 (d, 5-C), 106.37 (s, 10a- 
C), 108.08 (s, 3a-C), 125.07 (d, 6-C), 146.12 (s, 6a-C), 157.69 (s, 
3-Cj, 179.75 (s, lob-C) and 190.77 (s, 4-C); m/z 233 (M') 
(Found: 233.0686; C12H, ,NO,: 233.0688). 

8,9-Dihydro-5-hydroxy-3-methyl-4H,7H-pyr ano [ 3,441 cyclo- 
hepta [ 1,2-d]isoxazol-4-one 1 1 
To a solution of 15.0 mg (0.64 mmol) 10 in 3 ml 
dichloromethane was added hydrobromic acid (48 wt %; 0.5 
ml). The colour of the solution changed rapidly from colourless 
to orange-red. After addition of 2 ml of ether the precipitate 
was filtered off and washed with 10 ml ether. The washing 
solution was concentrated to 1 ml, diluted with 5 ml of water 
and extracted with 5 ml dichloromethane. After drying over 
Na2S0, most of the solvent was evaporated and 2 ml of 
pentane were added to the residue. The combined precipitates 
gave 14.2 mg (95%) yellow crystals, mp 217-218°C; 
v,,,(KBr)/cm-' 3247, 1616, 1565, 1523, 1252 and 1070; 
A,,,(EtOH)/nm 231 (log E 3.96), 245 (sh, 3.91), 331 (sh, 3.54), 
352 (3.73) and 389 (3.38);6,(300 MHz, C2H,]DMSO) 1.96-2.04 
(2 H, m, 8-H), 2.62 (3 H, s, CH,), 2.79-2.83 (2 H, m, 7-H), 3.98 
(br, OH + H20), 4.28-4.31 (2 H, m, 9-H) and 6.91 (1 H, s, 6- 
H); &(75 MHz, [2H,]DMSO) 12.36 (q, CH,), 20.88 (t, 7-C), 
28.11 (t, 8-C), 66.12 (t, 9-C), 116.15 (d, 6-C), 117.03 (s, 3a-Cj, 
122.76 (s, 6a-C), 141.57 (s, 1Oa-C), 155.21 (s, 5-C), 160.53 (s, 3- 
C), 161.72 (s, lob-C) and 171.50 (s, 4-C); m/z 233 (M') (Found: 
233.0688; C12H1 ,NO,: 233.0688). 
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