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Absbwt The cycload&bon of cychc mtrones to methoxycarbonyhnethyknecyclopropane (1) gwes 
adducts havmg the methoxycarbonyl group on C-4 of the ~soxazohdme rmg v&h h@h 
re@oselectiwty The thermal rearrangement of the adducts grves qmnolladmone 6 and 
mdolmdmones 8 bearmg the methoxycarbonyl group selectwely at C-l and at C-8, respectively 
The two compounds are mtermedlates for new formal syntheses of the alkalolds (+)-Lupmme and 
(k)-Epllupmme, and (f)-Elaeokanme A, respectwely 

The thermal rearrangement of lsoxazohdme-S-spuocyclopropanes A, avadable by mtrone 

cycloaddtt~on to methylenecyclopropane, has shown its potenttal as a new method for the synthesis of 

azaheterocycles (Scheme 1) 2 Part~ularly mterestmg appears to be the new access to N-bndgehead 

blcychc structures wdespread m natural alkaloids 3 

B 

SCHEME 1 

The selecfiv@ of the process m the presence of various substituents on the reagents IS a goal for 

a wder apphcation of the method Smce the overall process conststs of two steps, a cycloaddttion of 

a mtrone to a methylenecyclopropane dertvative followed by a thermal rearrangement (Scheme l), 
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merent substituents on the 1,3-&pole as well as on the methylenecyclopropane, may reasonably 
affect the process In parhcular, the substitution on the exocychc double bond of the 

methylenecyclopropane may affect the regmchenucal outcome oftbe cycltition 4 
Unsubst~tuted or rmg substituted methylenecyclopropanes have been shown2 to react with 

mtrones to give nuxtures of reg~oaomers A and B The 4-sprro relpolsomers B, unreactive under the 
rearrangement comhtions, sometunes accounts for as much as 37% (relative yleld)2 of the reaction 

nuxture In a recent study4 we demonstrated that au electronw&drawmg substituent on the exocychc 

double bond of methylenecyclopropanes, such as the methoxycarbonyl group m 1, gwes me to a 

sigmficant change m the pokuzation of that bond, leadmg to highly re@oselectlve cycloaddmons 

The observed regmchenustry m tb~s reaction was the same as that observed m the reactions of the 
related methyl 3,3-hethylacrylate vvlth m&ones, 5 that IS re~ospectic formation of the 4-methoxy- 

carbonyl adduct 

In thus paper we want to show that thts selectw@, combmed with a thermal rearrangement, 

constitutes an useful protocol for the construction of selectively substituted mtermehates for the 
synthesis of qumolmdme and mdollzldme alkaloids 
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SCHEME 2 

Methoxycarbonyhnethyknecyclopropane (1) and 3,4,5,6-tetrahydropyndme-N-oxide (2) gave a 
nuxture of two Qastereomenc lsoxazohdmes 3a and 3b (78%) in 2 3 1 ratio under heatmg at 80°C m 

toluene (Scheme 2) The asslgmnent of the regochenustry was made on the observation of a doublet 

(6 3 33 ppm for 3a and 6 3 11 ppm for 3b) for the proton a to the methoxycarbonyl group coupled 

with the bndgehead proton The major isomer 3a was asslgned as the exo product m force of the 

smaller couplmg constant (7 5 Hz vs 9 9 Hz) typical of a trans H-H relationsbp m a five membered 

rmg Pyrrolme-N-oxide (4) gave with 1 a smular nuxture of adducts 5a and Sb 111 2 1 1 ratio and 

somewhat more modest yield (64%) H3-H4 (lsoxazohdme numbermgs) couplmg constant m the 

maJor compound 5a (8 4 Hz vs 4 3 Hz m 5b) attested for the preference of an endo approach m the 

cycload&tion of thus mtrone 6 

The observed re@oselectiv@ IS m agreement with the results of a study of the coefficients and 

energy of the fiontrer molecular orbltals of methylenecyclopropane 1 and mtrone 4 (Flgure 1) 7 In the 

favored HOMOmeone-LUMO&polwophde mteraction the larger coefficients are located on the 
oxygen of the mtrone and on the cyclopropyhdene carbon of the methylenecyclopropane as reqmred 

for the observed regoselectity A quantitative evahumon of the d&rences m charge transfer 

energes of the two re@oaomenc orrented complexes (AAE = ~5_sp~o-AE4_sp,ro = -0 30 Kcal 
mol-1) agam preQcts the 5-spiro regolsomer as bemg the dommant isomer m the cycload&tion 
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FIGURE 1 Coefficients and Energes of the Frontier Molecular Orbltals of 
Methoxycarbonyhnethylenecyclopropane (1) and Pyrrohne-N-oxtde (4) 
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Isoxazohdmes 3 and 5 were partrcularly resistant to thermal rearrangement, If compared with 

other substrates 2 On the other hand, heatmg m mesltylene at reflux (16O’C) for several hours gave 

poor yields of rearranged products, mamly conststmg m the open cham enammones 7 and 9 2 By 

heatmg 3a,b under Flash Vacuum Thermolysls (FVT) con&tions (45O”C, 10-j mmHg) the 

qumohzuhnone 6 and the enammones 7 were obtamed, and they were isolated m 46% and 20% yield, 

respectively, after flash column chromatography Both the dastereomenc lsoxazohdmes gave a smgle 

dlastereomenc ketone probably as a result of a tautomensm towards the more stable Isomer The 

assignment of methoxycarbonyl group substitution on Cl carbon relied on the multiphclty of the a 

proton m the IH-NMR spectrum The value of the couplmg constant (10 9 Hz) 1s &agnostic for a 

tram Hl-H9a relationstip m 6, that unphes the carbomethoxy group to be placed m equatorral 

position cls to the bndgehead proton An analogue FVT treatment of Isoxazohdmes 5a,b followed by 

chromatographc separation, gave both the dlastereomenc mdollzldmones 8a,b m 2 4 1 ratio (45%j 
besides the enammones 9 (19%) Agam, a couplmg constant of 11 1 Hz testifies for a trans HS-H8a 

relafionshlp m the maJor isomer 8a 

n=2 3a,b 

n=l Sa,b 

6 46% 

8a,b 45% 

SCHEME 3 

7a,b 20% 

9a,b 19% 
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The formation of the open &am isomers m the rearrangement ongmates from a 1,5-hydrogen 

shift of the dnadxal mtermedmte8 and can only be dmumshed by usmg FVT conditions In both 

rearrangements the yields of the blcychc products 6 and 8 were only modest, but thus seems to depend 
on the thermal stabrllty of these compounds In fact, due to the low volatity of the rearranged 
products, a fihn of decomposed mataal IS always found at the hot end of the FVT tube 

Decomposmon processes, hke retro-Michael and Grob fragmentat~on,g are hkely to occur m these 

compounds due to then nature of y-ammoketones 
The snnple two-step cycload&tion-reanxngement protocol has been able to provide a new duect 

access to selectively fimcfionahsed qumohzxbne and mdohzuime compounds. Many synthetically 

useful apphcafions can be foreseen for these compounds, as a new entry to unnatural and natural 

azaheterocycles lo In thus paper we report on then use as precursors for the formal synthesis 
of (&)-Lupmme (lo), (f)-Epllupmme (11) and (f)-Elaeokamne A (12) alkaloids 

Reduction of ketones 6 aud 8a,b with sodmm borohydrrde gave the stable qumollzldmoll3 and 

mdohudmoll4 as nuxtures of du+stereoaomers ~th good yields (Scheme 4) 

NaBH&leOH 

rt,3tYs 

n=2 6 

n=l 8a,b 

SCHEME 4 

13a,b 81% 

14a-d 83 % 

The alcohol 13 was used by J J Tufatrello as mtennedlate for the synthesis of both Lupme 
alkaloids (*)-lo and (It)-11 v1a the unsaturated compound 15 (Scheme 5) 1 1 

13 15 10 R=CbOH R’=H 

11 R=H R’=CkOH 

SCHEME 5 

The mdohzdmols 14 can be convemently apphed to a new synthesis of the alcohol 17, used by 
D F Taber m the total synthesis of (f)-Elaeokamne A (12) (Scheme 6) 12 

Dehydration of 14 by phosphorus oxychlonde m pyndmel3 gave the unsaturated mdolladme 

16 m fan yield Other conditions to run the ehm.uu&on (SOQIDBU, MsCliPy at O°C) were tested, 
but were found less effective The formal synthesis of (f)-Elaeokamne A (12) was completed by 

DIBAL reductton of the unsaturated ester 16 to the allylic alcohol 17 m 65% yield (Scheme 6) 
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SCHEME 6 

Further stuQes on the synthetic ut~hty of qumolmdmone 6 and mdohzulmones 8 are m progress 

m our laboratory 

EXPERIMENTAL 

All the reactions were carned out under mert atmosphere (N2) and the solvents were appropnately 

dned before the use The Rf values refer to TLC on 0 25 mm slhca gel plates (Merck F254) obtamed 

usmg the same eluant as m the column chromatographles NMR spectra (CDC13 as solvent) were 

recorded on a Vanan Gemnu (lH, 200 MHz) Chenucal shift values are reported m ppm from 

tetramethylsllane notation s, d, t, q, m, and br deslgnate smglet, doublet, tnplet, quartet, multiplet, 

and broad, respectively The couplmg constants J are gven m Hz IR spectra (m CDC13 solution) 

were recorded on a Perkm-Elmer 881 spectrophotometer Mass spectra were recorded at 70 eV by 

GC mlet on a 5790A-5970A Hewlett-Packard mstrument or by &ect mlet on a QMDlOOO Carlo 

Erba mstrument Combustion analyses were carned out with a Perkm-Elmer 240 C elemental 

analyzer Nltrones 2 and 4 were synthesrzed accordmg to ref 14 and 15, respectively 

Methoxycarbonyhnethylen&yclopropane (1) was synthesized accordmg to ref 16 IH-NMR 6 6 22 

(qumtet, J=19 Hz, lH), 3 73 (s, 3H), 1 50-l 37 (m, 2H), 128-l 13 (m, 2H) 13C-NMR 6 166 4 s, 

145 4 s, 110 6 d, 514 q. 4 6 t, 2 1 t IR 2981, 1759, 1704, 1437, 1340 cm-l MS m/z (relative 

mtensity) 112 (M +. 17 ), 111 (20), 97 (19), 82 (66), 81 (loo), 59 (20), 53 (76), 5 1 (35) 
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Cycroadiiition of Nitrone 2 to Methylenecyclopropane 1 
A solution of 2 (459 mg, 4 5 mmol) and 1 (337 mg, 3 mmol) m 7 mL. of toluene was heated at reflwt 

for 16 h After concentration m vacua the crude nuxture was f&red through a short pad of s&a gel, 
elutmg urlth ethyl acetate Removal of the solvent m vacua gave 493 mg (2 3 mmol, 78%) of a 

nuxture of two cycloadducts 3a and 3b m 2 3 1 &o The two dmstereolsomers were separated by 
flash chromatography (eluant petroleum ether-ethyl acetate 70 30) and characterized,, but there 1s no 

need of separation for further steps 

(3’R*,3a’R*) - 3’ - (I-Methoxy-l-oxomethyl)-octahydrosp~ro[cyclopropane-l,2’-~soxazole~2,3a] 

pyridme] (exe Isomer) (3a) Rf = 0 28 II-I-NMR 6 3 69 (s, 3H), 3 54-3 43 (m, H-I), 3 33 (d, J=7 5 

Hz, lH), 2 74 (ddd, J=lO 1, 7 5, 2 5 Hz, lH), 2 46-2 02 (m, IH), 193-O 96 (m, 8H), 0 81-O 58 (m, 

2H) 13GNMR 6 1713 s, 70 9 d, 63 7s, 55 8 t, 55 1 d, 5 14 q, 26 0 t, 24 1 t, 23 3 t, 12 2 t, 9 6 t IR 

3004,2952,2838, 1739, 1722, 1437, 1269, 1192, 1165 cm-l MS m/z (relative mtenslty) 211 (M +, 

15), 140 (39), 124 (58), 110 (35), 96 (go), 82 (58), 68 (39), 55 (loo), 41 (87) Anal Calcd for 

Cl lH17NO3 C, 62 54, H, 8 11, N, 6 63% Found C, 62 04, H, 8 27, N, 6 65% 
(3S*,3a’R*) - 3’ - (I-Methoxy-I-oxomethyl)-octahydrosprro [cyclopropane-1,2’-lsoxazole[2,3-a] 

pyrrdzne] (endo isomer) (3b) Rf= 0 39 1H-NMR 6 3 69 (s, 3H), 3 48-3 33 (m, lH), 3 11 (d, J=9 9 
Hz, lH), 2 86 (td, J=9 9, 17 Hz, lH), 2 61-2 47 (m, lH), 2 08-O 62 (m, 1OH) 13C-NMR 6 1719 s, 

72 0 d, 64 0 s, 56 6 d, 55 3 t, 51 8 q, 28 5 t, 24 3 t, 23 3 t, 14 5 t, 7 2 t MS m/z (relative mtensrty) 

(M +, 13), 140 (32), 124 (44), 110 (31), 96 (62), 82 (40), 69 (30), 55 (loo), 41 (69) 

Cycloaddition of Nitrone 4 to Methyknecyclopropane 1 
A solution of 4 (2 125 g, 25 0 mmol) and l(1 121 g, 10 0 mmol) m 3 5 mL of benzene was &red at 

r t for 18 h After concentration m vacua the crude nuxture was filtered through a short pad of slhca 
gel, elutmg first ~th petroleum ether-ethyl acetate 50 50, then v&h ethyl acetate Removal of the 

solvent m vacua gave 1264 g (6 4 mmol, 64%) of a nuxture of two cycloadducts 5a and 5b m 2 1 1 

ratio The two dmstereolsomers were separated by flash chromatography (eluant ethyl acetate) and 

charactemed, but there IS no need of scption for further steps 

(3 ‘R*,3a’S*) - 3’ - (I- Methoxy -I- oxomethur)-~xa~drospexahydrospropane-l,2’-pyrrolo[l,2-b] 

rsoxazole] (endo Isomer) (5a) Rf =0 27 lH-NMR 6 4 07 (q, J=7 8 Hz, lH), 3 65 (s, 3H), 3 58 (d, 

J=8 4 Hz, lH), 3 40-3 22 (m, U-I), 3 13-2 95 (m, lH), 2 10-l 61 (m, 4H), 1 18-O 56 (m, 4H) 13C- 

NMR S1707s,687d,631s,567t,541d,517q,278t,248t,104t,85t IR 3095,2954, 

2877, 1738, 1436, 1363, 1194, 1170 cm-l MS m/z (relative mtenstty) 197 (M +, 22), 138 (24), 110 

(74), 108 (52), 98 (52), 82 (93), 69 (88), 55 (52), 43 (77), 41 (100) Anal Calcd for ClOH15N03 C, 
60 90, H, 7 67, N, 7 10% Found C, 61 16, H, 7 86, N, 6 82% 

(35*,3aS*) - 3’ -(I - Methoxy -I- oxomethyr)-hexahydrosprro[cyclopropane-l,2’-pyrrolo[l,2-b] 

rsoxazoIe] (exe isomer) (5b) Rf =0 39 IH-NMR S 4 25-4 18 (m, lH), 3 68 (s, 3H), 3 35-3 20 (m, 
lH), 3 12-2 98 (m, H-I), 3 05 (d, J=4 3 Hz, lH), 2 14-162 (m, 4H), 129-O 64 (m, 4H) 13C-NMR S 
1712s,689d,641s,581t,566d,521q,312t,238t,105t,75t 
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Thermal Rearrangement of 3a,b 

The nuxture of splrolsoxazohdmes 3a,b (211 mg, 1 mmol) was SubJected to FVT (45O”C, 10-3 

mmHg) by vaponzation at 80-1OOT lH-NMR analysts of the crude reaction product (175 mg, 82%) 

showed the presence of 6 and 7a,b m 2 3 1 rat10 The rmxture was subjected to flash chromatography 

(eluant ethyl acetate) to yield 97 mg (46%) of 6 and 42 mg (20%) of an unseparable nuxture of 7a 

and7bml3 Iratio 

(IR+,9aR+)-I-Methoxycarbonyloctahydro-[2Hl_qurnollzln-2-one (6) Rf = 0 20 lH-NMR 6 

3 74 (s, 3H), 3 25 (a, J=lO 9 Hz, lH), 3 12-2.98 (m, 2H), 2 78-2 34 (m, 4H), 2 12 (td, J=ll4, 3 4 

Hz,lH),176-lll(m,6H) 13C-NMR62036s,1691s,633d,631d,551t,548t,517q,406 

t, 319 t, 25 0 t, 22 6 t IR 2944,2813, 1741, 1715 cm- 1 MS m/z (relative mtenslty) 211 (M +, 19), 

152 (54), 110 (40), 96 (42), 83 (lOO), 82 (25), 69 (17), 55 (51), 41 (37) Anal Calcd for 

Cl lHl7NO3 C, 62 54, H, 8 11, N, 6 63% Found C, 6197, H,8 26, N, 6 63% 

2-(I-Methoxycarbonyl-2-oxobutyh&ne)-prne (E and Z) (7a,b) Rf = 0 73 lH-NMR 6 

(major isomer) 5 53 (s, NH), 3 67 (s, 3I-Q 2 85 (t, J=6 0 Hz, 2H), 2 38 (q, J=7 4 Hz, 3H), 1 82-157 

(m, 6H), 109 (t, J=7 4 Hz, 2H), (mmor Isomer) 5 57 (s, NH), 3 67 (s, 3H), 3 39-3 28 (m, lH), 2 61 

(t, J=6 2 Hz, H-I), 2 48 (q, J=7 4 Hz, 3H), 182-l 57 (m, 6H), 103 (t, J=7 4 Hz, 2H) IR 3692,2950, 

1735, 1599, 1194 cm-l MS m/z (relative mtenslty) (M +, l), 141 (21), 125 (27), 97 (55), 84 (35), 83 

(35), 70 (32), 60 (21), 56 (100) Anal Calcd for CllHl7N03 C, 62 54, H, 8 11, N, 6 63% Found 

C, 62 34, H, 8 14, N, 6 96% 

Thermal Rearrangement of Sa,b 

The mature of sproisoxazohdmes Sa,b (119 mg, 0 6 mmol) was subJected to FVT (45O’T, 10-3 

mmHg) by vaponzafion at 70-90°C lH-NMR analysis of the crude reaction nuxture (103 mg, 87%) 

showed the presence of the compounds 8a, 8b and 9a,b m 2 4 10 9 ratio The rmxture was subJected 

to flash chromatography (s&a gel, eluant ethyl acetate) to yield 53 mg (45%) of an unseparable 

nuxture of 8a,b and 22 mg (19%) of a nuxture of 9a,b 

(8R*, 8aR *) and (8R*, 8aS*)-8-Methoxycarbonyloctahydromdohzm- 7-one (8a and 8b) Rf = 0 10 

lH-NMR 6 (8a) 3 73 (s, 3H), 3 30 (d, J=ll 1 Hz, lH), 3 12 (td, S-8 0,2 9 Hz, H-I), 2 66-2 50 (m, 

2H), 2 49-2 36 (m, 2H), 2 35-2 19 (m, lH), 2 11-l 72 (m, 4H), 166-l 40 (m, H-I) (8b) 3 27 (d, J=7 8 

Hz, 1H) 13C-NMR 6 (8a)2037s, 1687s,657d,629d,528t,52Oq,499t,402f303t,224 

t IR 2956,2881,2811, 1745, 1718 cm-l MS m/z (relative mtenslty) 197 (M +, 14), 166 (25), 138 

(97), 110 (31), 96 (lOO), 82 (48), 69 (56), 55 (38), 41 (100) Anal Calcd for ClOHl5N03 C, 60 90, 

H, 7 67, N, 7 10% Found C, 60 62, H, 7 81, N, 6 61% 

2-(I-Methoxycarbonyl-2-oxobu@dene)-pyrrohdme (E and Z) (9a,b) Rf = 0 73 lH-NMR 6 

(major isomer) 11 6 (s, lH), 3 68 (s, 3H), 3 60 (t, J=7 1 Hz, 2H), 3 07 (t, J=7 8 Hz, 2H), 2 74 (q, 

J=7 3 Hz, 2H), 198 (qumtet, J=7 4 Hz, 2H), 104 (t, J=7 3 Hz, 3H) 13C-NMR 6 (major isomer) 

2010 s, 174 3 s, 169 2 s, 98 5 s, 50 5 q, 47 8 t, 35 0 t, 34 7 t, 20 9 t, 9 7 q IR 3620, 1678, 1597, 

1546,1438 cm-l 
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Reduction of 6 

A &red solution of 6 (200 mg, 0 95 mmol) m 10 mL of methanol was treated unth sodmm 

borohydnde (18 mg, 0 47 mmol) at 0°C and after 5 mm It was allowed to warm to r t and stured for 

3 h The reaction was quenched ~th saturated aqueous sodmm chlonde (7 mL) and the nuxture was 

extracted ~th chloroform (3 x 10 mL) The combmed orgamc layers were dared over sodnun sulfate 

and filtered, and the solvent was removed m vacua The crude product was chromatographed on a 
short pad of slhca gel elutmg sequentially ~th petroleum ether-ethyl acetate 50 50, ethyl acetate and 
methanol to @ve 163 mg (0 76 mmol, 81%) of a 1 1 nuxture of 13a,b Attempted chromatographlc 

separation gave only nuxtures ennched 111 one of the two components 

(IR*,2R+,9aR*) and (IR+,2S*,9aR*)-I-Methoxycarbonyloctahydro-[2H]~tnoitz~n-2-o1 (13a 

and 13b) Rf (ethyl acetate) - - 0 11 lH-NMR 6 (13a) 3 80 (ddd, J=lO 6, 10 2,4 8 Hz, H-I), 3 71 (s, 

3H), 2 96-2 76 (m, 2H), 2 70-2 52 (m, 2H), 2 28 (t, J=lO 2 Hz, lH), 2 23-l 15 (m, lOH), (13b) 4 18- 

4 12 (m, lH), 3 69 (s, 3H), 2 99-2 75 (m, 3I-Q 2 60-2 42 (m, 3H), 2 28 (t, J=lO 2 Hz, lH), 2 21-1 10 

(m,SH.) 13C-NMR ~(13a)1748s,649d,573d,561d,517t,516q,492t,31Ot,308t,254 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IR 

3611, 3497 br, 2941, 2768 and 2680 (Bohhnann’s bands),18 1723, 1625, 1436 cm-l MS m/z 

(relative mtenslty) 213 (M +, 1 l), 196 (9), 182 (8), 168 (21), 154 (1 l), 136 (1 l), 111 (50), 97 (79), 83 

(100) Anal Calcd for CllHl9N03 C, 6195, H, 898, N, 657% Found C, 6199, H, 901, N, 

6 28% 

Reduction of 8u,b 

So&um borohydrrde (13 mg, 0 34 mmol) was added to the nuxture of 8a and 8b (133 mg, 0 68 mmol) 

stid m 5 mL of methanol at 0°C After 5 mm at tis temperature, the nuxture was allowed to warm 

to room temperature and stnred for 3 h The reaction was quenched Hrlth saturated aqueous sodmm 

chlotrde (3 mL) and the nuxture was extracted w& three 10 mL porhons of chloroform The 

combmed orgamc layers were drred over sodmm sulfate and filtered, and the solvent was removed m 

vacua The crude product was chromatographed on a short pad of s&a gel elumg seque.ntmlly v&h 

petroleum ether-ethyl acetate 50 50, ethyl acetate and methanol to gve 113 mg (0 57 mmol, 83%) of 

a nnxture of the four alcohols 14a-d Attempted chromatographc separation gave only nuxtures 

ennched m one of the two maJor components 

(7R*,8R*,8aRa), (7S,8R+,8aR*), (7Rt,8S*,8aR*) and (7S*,8S*,8aR*)-8-methoxycarbonyl- 
octahydromdohzm-7-01 (14a-d) Rf (ethyl acetate)- - 0 11 1H-NMR 6 (first isomer) 3 83 (ddd, 

J=110,99,48Hz, lH),370(~,3H),306-299(m,2H),227(t,J=99Hz, lI-I),218-142(m, 

1OI-Q (second isomer) 4 29-4 23 (m, lH), 3 70 (s, 3H), 3 12-2 95 (m, 2H), 2 90-2 78 (m, lH), 2 54- 

2 40 (m, lH), 2 18 (t, J=8 9 Hz, H-I), 2 16-1 18 (m, 8H) lk-NMR 6 (first Isomer) 173 6 s, 70 8 d, 

642d,559d,531t,518e495t,334t,289t,216t,(secondtsomer)1744~,743d,653d, 
58 6 d, 53 6 t, 519 q, 46 2 t, 317 t, 29 2 t, 20 4 t IR 3618, 3575-3240, 2960, 2810, 1720, 1440 

cm-l MS m/z (relative mtenslty) 199 (M +, 28), 198 (12), 184 (31), 182 (21), 168 (24), 140 (24), 

122 (32), 97 (loo), 96 (90), 83 (62), 69 (79) Anal Calcd for ClOH17N03 C, 60 28, H, 8 60, N, 

7 03% Found C, 59 96, H, 8 61, N, 6 99% 



Rearrangement of lsoxazolme-5-splro denvahves-X 9875 

Dehydration of 14a-d 

To a solution of the alcohols 14a-d (76 mg, 0 38 mmol) m 2 mL of pyndme at 0°C was added freshly 

&stdled phosphorus oxychkmde (117 mg, 0 76 mmol) dropw~se The nuxture was allowed to warm 

to room temperature and stied overmght After concentration m vacua some Ice was added to the 
crude nuxture, then the aqueous solution was brought to basic pH with sohd potassmm carbonate, 
tiuted v&h 8 mL of ether and dned over sodmm sulfate for 1 h The solutton was filtered, 
concentrated m vacua and the crude product was chromatographed on a short pad of s&a gel, elutmg 

sequentially v&h ethyl acetate, ethyl acetate-methanol 90 10 and methanol, to gwe 43 mg (0 24 

mmol, 62%) of 16 
I, 2,3,5,6,8a-Hexalydro-8-methoxycarbonylmdolrzlne (16) Rf cethyl acetate-methanol 70 30)’ 

0 13 IH-NMR 6 6 97 (td, J=4 1, 18 Hz, lH), 3 71 (s, 3H), 3 56-3 42 (m, lH), 2 95-2 72 (m, 3H), 

2 68-2 54 (m, H-i), 2 42-2 20 (m, 3H), 190-l 72 (m, 2H), 158-l 38 (m, H-I) 13C-NMR 6 166 6 s, 
1375d, 1327s,586d,524t,514q,449t,297t,247t,224t IR 2955,2810, 1708, 1641, 

1437, 1272 cm-l MS m/z (relative mtensily) 181 (M +. 27), 166 (42), 153 (52), 122 (loo), 120 (39), 

94 (26), 41 (21) Anal Calcd for ClOHl5N02 C, 6628, H, 8 34, N, 773% Found C, 6631, H, 

7 99, N, 8 16% 

Reduction of 16 

A solution of 16 (24 mg, 0 13 mmol) m 2 mL of tetiydrofinan was cooled to O’C m an ice bath 

Dnsobuthylahmnnum hydride (DIBAL) (0 52 mL of a 1 M solution m toluene, 0 52 mmol) was 
added dropunse The nuxture was stured at 0°C for 30 mm and then was allowed to warm to r t and 

stied for 5 h Ether (5 mL) was added, followed by sodmm 5uonde (87 mg, 2 08 mmol) Water (28 

pL, 156 mmol) was added dropvvlse and the resultmg nuxture was stured for 10 mm, &uted with 

acetone and filtered The filtrate was concentrated m vacua to yield 13 mg (0 085 mmol, 65%) of 17 
1,2,3,5,6,8a-Hexahydromdol~zuu+8-methanol(17) II-I-NMR 6 5 76 (m, H-I), 4 76 (s, OH), 4 09 

(s, 2H), 2 97 (t, J=7 5 Hz, H-I), 2 88 (m, lH), 2 34 (m, 2H), 2 30 (m, 2H), 198-l 35 (m, 5H) MS 

m/z (relative mtenslty) 153 (M +, 12), 152 (35), 134 (28), 125 (32), 122 (lOO), 120 (20) (Spectra 
identical to the data reported m ref 12) 
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