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Abstract (3S,7S,8aS)-3-Methyl-7-hydroxyoctahydro~ndoh~me (13) was prepared wnth an enantiomerK 

excess of 74%, in five steps startrng from enant~omerlcally pure (S)-(+)-S-mtro-2-pentanol (5) 

(3S,5S,7S,8aS)-(-)-3-Methyl-5-phenyl-7-hydroxyoctahydrolndolizine (15) and (3&5R,7R&R)- 

(+)-3-methyl-S-phenyI-7-hydroxyoctahydro~ndo~~~~ne (16) were also obtained starting from (5) with an 

ee of 96 56 The synthetic strategy required the enantioselective enzymatic reduction of 

S-mtro-2-pentanone (4) (0 S (> 99% ee) and its conversion 10 (R)-(-)-2-chloro-S-nltropentane (7) (> 

90% ee) Cycloaddirlons of the corresponding nitrile oxide prepared in Situ from 7 wcth 

methylenecyclopropane (8) or I-methylene-2-phenylcyclopropane (9) produced chiral isoxazohnes 1 

and 2, which were converted by thermolysis 10 2,3,5,6-tetrahydro-3-methylindol~z~n-7(lIf)-one (lo), 

and 2,3,5,6-lelrahydro-3-melhyl-S-phenyllndollzln-7(1H)-ones (11) and (12) respectWely The 

enantioselectwHy of the thermal rearrangement IS dependent on the experimental conditions and on 

the structures of the choral isoxazohnes Catalytic hydrogenation of the indohzinones 10, 11 and 12, 

afforded the substituted hydroxyoctahydrolndohmnes 13, 15 and 16 with high StereoselecWe control of 

all stereogenic centers 

In recent years the synthesis of lndohzlnes has been the ObJect of much research, owing to 

the great interest prlmarlly derived from the presence of these heterocychc structures m several 

alkaloids isolated from the skin extracts of neotroplcal frogs.’ Although several methods of 

synthesis of racemlc mdohzme derivatives have been pubhshed, a hmlted number of 

enantloselectlve syntheses have been reported.2 We have recently developed a general strategy 

for the synthesis of substituted 2,3,5,6-tetrahydromdohzm-7(1H)-ones by sequential 

rearrangement-cyclizatlon of isoxazoline-S-spirocyclopropanes 3 which can be utdized to afford 

choral mdohzlnones This strategy apphed to the suitable enantiomerlcally pure isoxazohnes 1,2 

would produce choral mdolizinones 10-12, provided that the rearrangement and the subsequent 

cychzatlon of the mtermedlate pyrldone 34 could occur with control of the stereochemistry of the 

stereogenrc centers (Scheme 1). Fmally, the reduction of the enammomc moiety m lo-12 should 
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afford chiral 7-hydroxyoctahydromdohzmes 13, 15 and 16 contammg three or four stereogemc 

centers 

Results and Discussion 

The common precursor for the synthesis of chiral isoxazoline-S-sptrocyclopropanes 1,2 1s 

the enantiomerrcally pure (R)-(-)-Z-chloro-5mtropentane (7), which was prepared as 

summarized in Scheme 2. 
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The enanttoselectrve reduction of 5-mtro-2-pentanone (4) wrth baker’s yeast afforded 

(S)-(+)-5-mtropentan-2-01 (5) in 74% yreld and >99% ee determined by ‘H-NMR of the 

correspondmg Mosher’s ester’ The reductron procedure was a moddred version of those 

reported,6a’b improving the yield and the enantromerrc excess of the compound 5.’ Then, 5 was 

converted to (R)-(-)-2-chloro-5nrtropentane (7) in two drfferent ways by conversron of the 

correspondmg tosylate (S)-(+)-6 w:th LrCI in DMF (43% overall yield of 7) or by heating at 

95-98 “C the mixture of 5, TsCl, and pyrldme for 1.25 h (77% yield) Both methods afforded 

compound 7 with the same optical purity (>90% ee) The enanttomerrc excess was determmed 

by compartson of the choral column G C analyses of compound 7 and of racemrc mtxture (+)-7.* 

The tosylate 6 is an mtermedtate of the latter reaction in fact (&)-6 was converted to (-C)-7 

(77% yield) when heated m pyrtdme and pyrrdmmm chloride (1 equiv) at 95-100 “C for 1 h 
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Thts 1s the first example of direct conversion of a 1,4-mtroalcohol to a nitrochlortde by TsCl 

m hot pyrtdme, although this reaction was observed as a side reaction in the tosylation of 

phenols, sample alcohols and sugars 9 Tbe same reaction appbed to 1,Zmtroalcohols afforded 

only the correspondmg tosylates 10 

Scheme 2 
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The mtrtle oxide, generated in situ from 7 by the Mukatyama method,” reacted with 

methylenecyclopropane (8) (Scheme 3) or with 1-methylene-2-phenylcyclopropane (9) (Scheme 

4) affording the adducts 1 (73% yield) or 2 (75%, 1 1 dtastereotsomertc ratio), respectively. 

The thermal rearrangement of 1 was carrted out in refluxmg DMF contammg 1 equtv of 

K&JO3 for 2 5 h and afforded 10 m 65% yield (Method A). 

We were not able to determine directly the enanttomertc excess of 10 by either dtfferent 

analyttcal (GC or HPLC wtth choral phases) or spectroscoptc techniques ( ‘H-NMR m presence 

of choral shift reagents or choral solvatmg agents, or after reactton of 10 with Mosher’s acid 

chlortde) The absolute conftguratton of the predommant enanttomer was assumed to be (3S), 

assuming that a SN~ dtsplacement of the C-Cl bond of the mtermedtate 3 would mvert the 

conftguratton of the stereogemc center. 

Reduction of 10 wtth hydrogen on Pd/C m methanol afforded 

(3S,7S,8aS)-3-methyl-7-hydroxyoctahydrorndollzIne (13) in 60 % yield The hydrogenatton 

occurred mainly on the less hmdered face of the enaminomc moiety, leadmg to 13, although a 
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manor compound detected by MS and ‘H-NMR (less than 10% in the crude reactron mtxture) 

was ldenttfred as dtastereotsomer (3S,7R,8aR)-14, deriving from the opposite attack. 

The enantiomerrc purrty of 13 was determined by choral column GC analysis’ and a value of 

17% ee was found Thus was reasonably assumed as the ee of mdohzinone 10 too. As wtll be 

drscussed later, the enantiomerrc purity of 13 was dependent on the rearrangement condttrons. 

compound 13 was obtamed in hrgher enantiomeric excess (49 %)carrymg out the thermolysrs of 1 

for 2 5 h m refluxmg mesttylene (Method B) and then reducmg 10 (obtamed m 60 % yteld). A 

further Improvement in the optical purity of 13 was obtained carrymg out the thermal 

rearrangement by FVT (Flash Vacuum Thermolysn) at 400 “C and 10e3mbar (Method C). This 

process afforded 10 m 41% yteld (32% of the starting maternal was recovered) and after catalytic 

hydrogenatton a more enanttomertcally enriched 13 was obtamed (74% ee) 

Scheme 3 

Rea~wor~autinthreedilkrsnt ways MothodA leq 

K~,DMF,25hdux MoUwdB Mdtyleno,25hrslw MothodC 

FW (Rash V- lhmwlysh). 400 ‘C, l@ mbar 

A trans-fused structure was assigned to compound 13 on the basts of the strong Bohlmann 

band at 2803 cm-’ m the IR spectrum*2-15 (see Table 1). Thts asstgnment was confirmed by the 

‘H-NMR spectrum of 13. The proton H-8a IS upfteld shtfted to a value lower than 2.05 ppm 

because of a trans ortentatton with respect to the nitrogen lone patr.12-15 The stereochemtstry of 

the methyl and hydroxy groups was asstgned on the basts of the chemical shaft of the protons H-3 

and H-7, and of the 13C-NMR chemrcal shift of the methyl group The observed value (3.62 ppm) 



Synthesis of mdohxme denvanves 10633 

of the proton on C-7 IS close to the value reported for the axial carbmohc proton in the 

trans-fused 7-hydroxy octahydromdobzme (3.47 and 4 02 ppm for the axial and equatorral 

protons, respectively)12 mdrcattng an equatonal confrguratron for the hydroxy group. The 

chemical shift value of the proton H-3 (2.15 ppm), indrcates a pseudoaxial configuration for this 

hydrogen,13 the upfreid shift bemg a consequence of the trans orientation of thts hydrogen with 

respect to the nitrogen lone pan. Accordingly, the other dtastereolsomer 14 showed a downfield 

chemical shift of the hydrogen H-3 at 3 22 ppm, m agreement with the reported data for the 

f-methyl octahydromdolixme*3 (3.30 ppm) in which the methyl group IS in pseudoaxral posttron 

Furthermore, the I3 C-NMR chemical shift of the methyl group (18 3 ppm), very close to the 

reported value for the pseudoequatorral methyl in the 3-methyl octahydromdoltzme (18 8 

ppm)? IS consistent with the pseudoequatorial configuration of the methyl in position 3 in 

compound 13 

The rearrangement of rsoxazolme 2 was carried out in refluxmg DMF wrth 1 equtv of 

K2CO3 for 0 5 h, affording a mixture of two dmstereorsomers 11 and 12 (75 % yield, 1 . 1.2 ratio, 

by ‘H-NMR) formerly characterized as a racemic mixture in a previous work3 (Scheme 4) The 

two isomers were separated by flash column chromatography producing (3S,SR)-(-)-12 tn 31% 

yield and (3S,5S)-(+)-11 m 28% yield Also in this case we were not able to determine directly 

the enanttomertc excess, which was assumed to be at least equal to that determined for the 

correspondmg reduced products 

The reductions of 11 and 12 were carried out m 7-8 h wtth hydrogen on PtO2 m acetic 

acid l&l7 We changed the hydrogenation condition with respect to the previous reduction of 10 

because m MeOH, using Pd/C as catalyst, up to three different dtastereorsomers were obtained, 

m different ratios depending on reaction time *’ Furthermore, in the hydrogenation of 11, 

reductive cleavage of the N-CHPh- bond was observed.” 

Reduction of 11 (see Scheme 4) gave (3S,SS,7S,8a.S)-(-)-3-methyl-S- 

phenyl-7-hydroxyoctahydromdollzlne (15) In 70% yield and 96% ee, determined as described 

later The hydrogenation was highly stereoselectlve occurring only on the less hindered face of 

the mdobzrnone 11, that ts, on the face opposite to the phenyl and methyl groups 

The strong Bohlmann bands in the IR spectrum (see Table 1) at 2809 and 2741 cm-’ 

indicate a trans-fusion of the two rings 12-15 This assignment IS confirmed by the chemical shift of 

proton H-8a that resonates at 2 17 ppm (very close to the chemical shift of the same proton m 

13) All substltuents are in equatorial positions. the proton on C-5, even undergoing the phenyl 

deshleldmg effect, resonates at 3 06 ppm, because of Its trans onentatlon with respect to the lone 

patr of the nitrogen atom, and Its great coupling constant of 11.0 Hz with the axial proton on C-6 

confirms Its axial positron The resonance of proton of H-3 at 2.35 ppm, 1s consistent with Its 

axial posttton. Moreover, the methyl group, which faces the phenyl group, experiences a very 

strong shreldmg effect, resultmg in a chemical shift of 0.31 ppm. The fact that the phenyl group 

IS constramed to a faced conformation with respect to the methyl IS confirmed by a molecular 

model study by using a molecular mechanics program. 19 
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Concernmg the hydroxy group, the resonance of the proton H-7 at 3 77 ppm IS m 

accordance with tts axial position, the value being very close to that of the correspondmg proton 

in 13, apart from a small deshleldmg effect (observed also for the proton on C-3) due to the 

phenyl group The reduction of 12 with hydrogen on Pt02 m AcOH gave stereoselectlvely 

(3S,5R,7R,8aR)-(+)-3-methyl-5-phenyl-7-hydroxyoctahydro~ndol~z~ne (16) (32% yield), m 

addition to the dehydroxylated compound 17 (20 % yield) The gas chromatographlc ratlo of the 

two products did not change during the reaction, which was complete after 8 h This means that 

dehydroxylatlon could not have occurred after 16 had left the catalyst surface. It had been 

observed that m the hydrogenation of simple cyclohexanones, ” dehydroxylatlon occurred on 

PtO2 m AcOH to a small extent 
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‘lkble 1. IR Bohlmann bands and most sqmflcant chemical shifts of compounds 13-17. 
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An increase MI this process IS observed by adding one microdrop of concentrated HCI In 

our case the same result was achieved by carrying out the hydrogenation of racemlc 12 on PtO2 

m EtOH with a drop of cone HCI, obtammg after 5 h 17 in 72% yield On the other hand, 

attempts to reduce 12 m neutral condittons m EtOH on PtOz or on Pt black17 yielded no 

appreciable results, the reactions being very slow (no reduction after 5 h was observed) 

Both 16 and 17 show strong Bolhmann bands in the 2800-2700 range (Table l), owing to the 

trans fusion of the rings The proton H-8a still resonates at low chemical shift (2.68 ppm m 16, 

and 2 55 ppm m 17), the proton H-5 has a chemical shift of 3 48 ppm in 16 and 3 40 ppm in 17, 

and It IS a doublet of doublets, with a large coupling constant of 110 Hz in 16 and 10 0 Hz m 17, 

m accordance with the axial posItion of this proton. This means that the phenyl group IS 

equatorial and the methyl group IS consequently m pseudoaxlal poWIon: indeed, the proton on 

C-3 now resonates at 3 18 ppm (3.23 ppm m 17), very close to the value of the chemical shift of 

the same proton m 14, and the methyl group resonates at 0.71 ppm (0 72 ppm m 17), not 

undergomg the strong phenyl shielding effect Therefore, the stereochemistry of the catalytic 
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hydrogenatton of 12 1s determmed mamly by the attack on the less hindered face of the 

enammomc moiety (1.e to the opposite side of the phenyl group). 

The enantlomerlc purity of 16 was determined by choral phase HPLC** and an enantlomerlc 

excess of 96 % was found. The same value of ee was measured for 15, by treating racemlc and 

enantlomerlcally enrlched ammoalcohols 15 with 1 equivalent of (+)-MPTA acid (Mosher’ s 

acid), and analysmg the correspondmg CDCl3 solutions of the obtained salts by ‘H-NMR.*l The 

sphttmg of the methyl slgnal allowed us to calculate a value of 96 % ee. The same technique, 

apphed to the racemlc 16, falled, even addmg more than one equivalent of Mosher’s acid, and no 

sphttrng of the methyl signal was observed. 

In order to Justify the results concernmg the enantioselectivity in the formatlon of 

mdohzmones 10, 11 and 12, and for extension of the reduction products, the rearrangement 

condlttons and the structure of the isoxazolmes 1,2 have to be considered The process that leads 

to a loss of enantloselectlvlty would reasonably be lonlc cleavage of the C-Cl bond, that could 

equally well occur both m 1-2 and 3 (see Scheme 1). On the other hand, an SN~ displacement of 

the chlorine m 3 by the secondary nitrogen atom would afford mdohzmone lo-12 with mverslon 

of conflguratlon. Therefore, usmg a non-polar solvent such as mesitylene instead of the 

DMF/KzCOs system to carry out the reactlon, the rate of lonlc cleavage of the C-Cl bond 

decreases and a higher ee 1s obtamed Iomc cleavage IS further hmlted If the rearrangement IS 

carried out m vapour phase, where an optical yield of 74 % was obtained for 10 (a racemlzatlon 

process, mvolvmg the homolytlc cleavage of the C-Cl bond at high temperature cannot be 

excluded) In the same way, If a substltuent 1s present, such as the phenyl group, on the 

cyclopropane ring of the lsoxazohne, thereby acceleratmg the rearrangement process3, a great 

increase m the ee of the final product IS achieved (96 %), even when carrying out the reactlon m 

DMF/potasaum carbonate. 

C0nclusions 

Enantlomerlcally enrlched substituted octahydromdohzmes were easily prepared m five 

steps, startmg from 5-mtro-2-pentanone (4) m overall yields ranging from 7% to 17% Enzymatic 

reduction of the nltroketone allowed us to obtain a choral startrng material with a very high 

(>99%) enantlomerlc purity. On the other hand, the y-nltroketone 4 was prepared on large scale 

from the mexpenslve starting materials methyl vinyl ketone and mtromethane. The 

hydrogenation of the mdohzrnones 10, 11 and 12 occurred stereoselectlvely (substltuents m 

posltlons 5 guided the attack of the hydrogen to the less hindered face of the enammonlc moiety) 

affording 7-hydroxyoctahydromdohzmes 13-16 with three or four stereogemc centers The 

enantlomerlc purity of mdohzmoles 15 and 16 was satisfactory, while this synthetic strategy did 

not allow us to obtain the mdohzmole 13 with an ee higher than 74% 

Finally, a large variety of substltuents m posltlon 3 of mdohzmones could be Introduced by 

using differently substituted y-mtroketones as startmg material The synthesis and consequent 

enzymatic reduction of some y-nltroketones 1s under investigation. In the same way, the use of 

differently substituted methylenecyclopropanes, permits the mtroductlon of various groups m 

posltion 5. 
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Experimental section 

Racemlc 5-mtro-2-pentanol (5) was prepared as reported?l Melting points were 

determmed with a Buchr 510 apparatus. IR spectra were recorded with a Perkm Elmer 881 

spectrophotometer. ‘H- and 13C-NMR were recorded with a Varian Gemlm 200 MHz MS 

spectra were obtained with a Hewlett Packard A 5790-5970 GC-MS Instrument Elemental 

analysis were performed with a Perkln Elmer 240 C instrument. Optical rotations were measured 

using a Perkm-Elmer 245 polanmeter. The Rfvalues refer to TLC on 0.25 mm slhca gel plates 

(Merck F254) HPLC analyses were performed with a Gllson apparatus (mod. 302, pumps mod. 

305, UV Det. mod. 116). 

(S)-(+)-5-Nitro-2-pentanol (5). Baker’s yeast (40 g) was slowly added to a solution of 

glucose (1 g) in water (180 mL) at 30-35 “C under mechamcal stirrmg. Then, 4 (950 mg, 7.25 

mmoles) was added to the suspension The reaction was momtored by G.C and after 4 d was 

stopped (converslon 89 %) Cehte (3 g) and saturated NaCl (150 ml) were added, and the 

mixture extracted wrth 150 mL of dlethyl ether by usmg a contmuous hquld-bqmd extractlon 

apparatus for 18 h The solvent was then evaporated, obtammg a crude reaction mixture 

chromatographed by FCC (Flash Column Chromatography) (eluant ethyl acetate + hexane, 1 * 

2) affording 5 (762 mg, 79%). Pure 5 (716 mg, 74%) was obtamed by Kugelrohr dlstlllatlon (130 

“C/4 6 mbar) 

5 Colourless 011, Rf 0 18 [Q]~‘D = +18.5” (c=O 92, chloroform), ee > 99% (by ‘H-NMR of 

the Mosher ester)’ Reported data: [cz]~‘D = +16.9” (c = 1.70, chloroform), ee = 97%;6a [aJ2’~ 

= +17 0” (c = 2 00, chloroform), ee = 100% (determined by GC method on choral phase)Pb 

(R)-(-)-2-Chloro-5-nitropentane (7) Method A A stirred mixture of 5 (399 mg, 3 mmol), 

tosyl chloride (570 mg, 3 mmol), and anhydrous pyrldme (250 mg, 3 1 mmol) was heated for 75 

mm m an 011 bath at 95-98 “C The mixture was then cooled at rt, 5 mL of water were added and 

extracted with ether The organic layer was washed with 5% HCI, with saturated NazC03, and 

with water The orgamc layer was left overnight over NazSOs and then concentrated The 

residual 011 was chromatographed (ethyl acetate + hexane, 1 . 3) affording 422 mg of 7 Pure 7 

(351mg, 77%) was obtained after Kugelrohr distillation (130 “C/2 mbar) 

7. Colourless 011, Rf 0 69 [a12’~ = - 28 7 ’ (c = 0.79, chloroform), ee > 90% (by GC on 

choral phase) ’ Anal calcd for CsHtoClNOz . C, 39 62; H, 6 65, N, 9.24 Found C, 39 41, H, 

6 83, N, 8 97 MS m/z (rel Intensity) 88 (M+-CH3CCl, 20), 69 (loo), 68 (32), 67 (23), 65 (22), 63 

(63), 62 (22), 55 (19), 53 (21), 45 (25), 43 (54), 41 (100) 13C-NMR d 74 9 (t), 57 2 (d), 36 6 (t), 

25 3 (q), 24 5 (t), ‘H-NMR b 4 41 (t, J = 6 8 Hz, 2 H), 4 03 (m, 1 H), 2.35-2.00 (m, 2 H), 1.90-l 65 

(m, 2 H), 1 52 (d,J = 6 4 Hz, 3H) IR (neat) 2980,2950,1555,1440,1380,1260 cm-‘. 

Method B. A solution of tosylate 6 (150 mg, 0 5 mmol) in 2.5 mL of anhydrous DMF was 

added to LICK (44 mg, 1 05 mmol) m 2 5 mL of DMF. The solution was left at rt under stlrrmg 

and nitrogen atmosphere for 24 h Water (10 mL) was added and extracted with Et20 (4 x 10 

mL) The orgamc layer was then washed with water and dried over sodrum sulfate 

Chromatography gave 7 (51 mg, 68%) [a12’~ = -29 2 ’ (c = 0.53, chloroform) 
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(S)-(+)-SNitro-2-tosyloxypentane (6). 5 (74 mg, 0.56 mmol), tosyl chloride (125 mg, 0.66 

mmol) and 0 5 mL of anhydrous pyrldme were mixed cooling to -5 “C in an Ice/salt bath and left 

under sttrrmg at 0 “C for 5 h. Water (1 mL) was added, and the solutton extracted with 

chloroform (4 x 5 mL), washed with diluted sulfurtc actd, saturated sodmm carbonate and then 

with water The orgamc layer was drred over sodmm sulfate and evaporated. Chromatography 

(chloroform) gave 6 (100 mg, 63%) 

6 Colourless 011, Rf 0.55 [a12’~= +1,4’ (c=O.71, chloroform). Anal. calcd for Ct2H170sNS 

. C, 50.16, H, 5.96, N, 4.87. Found - C, 50 47; H, 6 09; N, 4.48. MS m/z (rel intensity) 199 (13), 

173 (18), 172 (50), 155 (loo), 116 (60), 108 (16), 107 (la), 92 (ll), 91 (83), 69 (36), 68 (20), 65 

(29) 13C-NMR (CDC13) d 143 3 (s), 134.0 (s), 129.9 (d, 2 C), 127.6 (d, 2 C), 78.6 (d), 75 6 (t), 

32.9 (t), 24 5 (t), 23.8 (q), 20.7 (q); ‘H-NMR d 7.77 (d, J = 8 3 Hz, 2 H), 7.34 (d, J = 8.3 Hz, 2 H), 

4 65 (m, lH), 4 32 (td, J = 6.8, 2.4 Hz, 2 H), 2.44 (s, 3 H), 2.05-1.87 (m, 2 H), 1.65 (m, 2 H), 123 

(d,J = 6.3 Hz, 3 H) IR (neat) 2980,2950,1600,1440,1360,1180,1100,900,810,610 cm-‘. 

(3’R)-(-)-6-(3’-Chlorobutyl)-4-oxa-5-azaspiro[2.4]heptd-ene (1). A solution of 7 (450 mg, 

2.98 mmol) tn 10 mL of anhydrous diethyl ether was cooled to -60 “C m an acetone/dry Ice bath 

Under stirring and nitrogen atmosphere, methylenecyclopropane (850 mg, 15.7 mmol) was added 

by cannula, followed by phenyl tsocyanate (709 mg, 5.96 mmol) and NEt3 (60 mg, 0.596 mmol). 

The solution was left at 0 “C for 0.5 h and at rt for 60 h, then filtered on Cehte layer and 

evaporated. Chromatography (dlchloromethane + hexane, 5 . 2) afforded 1 (405 mg, 73 %). 

1 Colourless 011, Rf 0 43 [a12’~ = -32 6 ’ (c = 0.72, chloroform). Anal. calcd for 

C9Ht4ClNO * C, 57.60; H, 7 52; N, 7 46. Found C, 58.00, H, 7.37; N, 7 74. Spectroscopic data 

are identical to those reported for the racemlc mixture 3 

(3S)-(+)-3-Methyl-2,3,5,6-tetrahydroindolizin-7(~)-one (10). Method A. A solution of 1 

(358 mg, 1 91 mmol) and potassium carbonate (265 mg, 1 91 mmol) in 40 mL of anhydrous DMF 

was refluxed under mtrogen for 2 5 h After concentration under vacuum, chromatography 

(CH2C12 + MeOH, 10 . 1) gave 10 (187 mg, 65 %). A further purlficatlon was achieved by 

Kugelrohr dlstlllatlon (110-130 “C/ 10” mbar). 

10 Colourless 011, Rf 0.43 [a12’~ = +13.8 ’ (c = 0 54, chloroform) Anal. calcd for 

C9Ht3NO * C, 7146, H, 8.66; N, 9 29 Found : C, 7109; H, 8 84, N, 9 20 Spectroscopic data are 

ldentlcal to those reported for the racemlc mixture.3 

Method B A solutton of 1 (190 mg, 1.02 mmol) in 20 mL of anhydrous mesttylene was 

refluxed under mtrogen atmosphere for 2 5 h After cooling at rt 1.02 eq of MeONa m MeOH 

were added, the solutron concentrated under vacuum and the resrdue chromatographed affordmg 

10 (92 mg, 60 %) [a12$ = +35 ’ ( c = 0 60, chloroform) 

Method C 1 (150 mg, 0 8 mmoles) was subjected to FVT (400 “C, 10m3 mbar) by 

vaporrzatron at 90-100 “C. The pyrolysts gave, after treatment wtth 1 eq of NaOH m methanol, 

evaporatron of the solvent and chromatography, 10 (50 mg, 41%), besides the unreacted 1 (48 

mg, 32 %) 

(3S,7S,8a.S)-3-Methyl-7-hydroxyoctahydroindolizine (13) A solution of 10 (50 mg, 0.33 

mmol) in 10 mL of MeOH was added to a stirred suspenston of PdlC 5% (100 mg) m 3 mL of 

MeOH. The mrxture was left under HZ (1 atm) at rt for 4 d The catalyst was then filtered on a 
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Cehte layer, washmg with methanol, the solvent evaporated and the restdue chromatographed 

(CH2Cl2 + MeOH +NEt3, 10 * 1 : 0.001) affording 13 (0.20 mmol, 60 96). Further purificatton 

was obtained by Kugelrohr dtsttllatron (75 “C/O.05 mbar). 

13. Colourless 011, RfO.15. Anal. Calcd for CgHr7NO: C, 69.63; H, 11.04; N, 9.02. Found. C, 

69.02; H, 10.77; N, 9.20 MS m/z (rel mtenstty) 155 (M+, 9), 154 (14), 141 (12), 140 (loo), 

110(20), 96 (13), 83 (15), 82 (18), 80 (29), 69 (20), 68 (25), 67 (11); 13C-NMR d 69.7 (d), 63.9 (d), 

59 8 (d), 48.0 (t), 40.2 (t), 34 6 (t), 31 0 (t), 28.1(t), 18.3 (q), ‘H-NMR d 3 62 (m, lH), 3.10 (ddd,J 

= 10 8, 3.8, 2 6 Hz, lH), 2.50 (s br, lH), 2 15 (m, lH), 2.05-1.20 (m, 10 H), 1.09 (d,J = 6.11 Hz, 

3H), IR (CDC13) 3609,340O (br), 2803,2967,2948,2875,1447,1364 cm-’ 

In the crude reactton mixture 14 (10%) was Identified by MS and ‘H-NMR 

14 MS m/z (rel Intensity) 155 (M+, 8), 154 (7), 141 (9), 140 (loo), 138 (lo), 110 (22), 96 

(ll), 82 (ll), 80 (18), 69 (17), 68 (19), 67 (9); ‘H-NMR (CDCl3) d 3.60 (m, 1 H), 3.22 (m, 1 H), 

2 96 (ddd,J = 12.6, 4 5, 2 5 Hz, 1 H), 2 74 (m, 1 H), 2.57 (dt,J = 12.6, 2.9 Hz, 1 H), 2 00-l 05 (m, 

9H),O94(d,J=6.3Hz,3H) 

(1RS,3’R)-1-Phenyl-Q-(3’-cblorobutyl)-4-oxa-5-azaspiro[2.4]bept-5-ene (2) 7 (318 mg, 2 1 

mmol) and 1-methylene-2-phenylcyclopropane (332 mg, 2.52 mmol) were dtssolved m 18 mL of 

anhydrous drethyl ether Phenyl rsocyanate (499 mg, 4 2 mmol) and NEt3 (42 2 mg, 0.42 mmol) 

were added under nitrogen atmosphere. The solution was left under sttrrmg at rt for 4 d. After 

frltratron, the solvent was evaporated and the residue or1 chromatographed (ethyl acetate + 

petroleum ether, 1 5) obtammg 2 as a 1 1 mixture of two drastereotsomers (414 mg, 75%) 

2.011, Rf 0 41. Spectroscoprc data are Identical to those reported for the racemrc mtxture 3 

Rearrangement of 2 A solutton of 2 (700 mg, 2 67 mmol) and potassmm carbonate (367 mg, 

2 67 mmol) rn 60 mL of DMF, was refluxed for 0 5 h under nitrogen The solvent was removed 

under vacuum and the resrdue chromatographed (CH2Cl2 + MeOH, 20 1) obtammg an 

approxtmately 1 2 1 mtxture (by ‘H-NMR)of 12 and 11 (Rf 0 35, 454 mg, 75%) Further 

chromatography (acetone) gave pure 12 (189 mg, 31%) and ll(l70 mg, 28%) 

12. Colourless sohd, mp 114-115 “C RfO 75 [cz]~‘D =-76 6 ’ (c = 0.67, chloroform). Anal 

Calcd for Cr5Hr7NO C, 79 26, H, 7 54, N, 6 16 Found * C, 79.34, H, 7.59, N, 6 12. 

Spectroscoprc data are tdenttcal to those reported for the racemrc mixture ’ 

11 Colourless sohd, mp 85-86 “C Rf 0 63 [o12’~ = + 146 6 ’ (c = 0 56, chloroform). Anal 

Calcd for Cr5H17NO C, 79 26, H, 7.54, N, 6 16 Found * C, 79.16, H, 7 54, N,6 12 Spectroscoprc 

data are Identical to those reported for the racemrc mixture 3 

(3S,5S,7S,8aS)-(-)-3-Methyl-5-phenyl-7-hydroxy~tahydroindolizine (15). A solutron of 11 

(220 mg, 0 97 mmol) m 6 mL of acetic acid was added to a stirred prehydrogenated suspensron of 

PtO2 (17 mg) m 6 mL of acetrc acrd The solution was left under hydrogen at 1 Atm for 7 h. The 

solution was filtered on a Cehte layer, washing with acetlc acid, and then concentrated under 

vacuum Water (12 ml) and 6 ml of NaOH 3 M were added to the residue. The obtamed 

suspension was then extracted with dlchloromethane (10 x 10 mL) and dried overnight over 

sodmm sulfate After flltratlon and evaporation of the solvent, the residue was chromatographed 

(CH2Cl2 + MeOH f NEt3,20 1 0 001) affording 15 (157 mg, 70%) 
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15. Colourless sohd, mp 91-92 “C, Rf 0.25. [a]*‘~ =-28X (c = 1.09, chloroform), 96% ee 

(by HPLC).2’ Anal. Calcd for Ci5H2iNO: C, 77.88; H, 9.15; N, 6.05. Found: C, 77.90; H, 9.40; N, 

5.87 MS m/z (rel intensity) 231 (M+, 4), 216 (loo), 186 (ll), 154 (la), 132 (13), 131 (15), 130 

(ll), 112 (26), 105 (21), 104 (SS), 103 (20), 91 (22), 84 (23), 82 (20), 77 (22); 13C-NMR (CDCl3) 

d 143.7 (s), 128 3 (d, 2 C), 128.1 (d, 2 C), 127 4 (d), 69.6 (d), 67.4 (d), 65.6 (d), 59.9 (d), 44.9 (t), 

40 2 (t), 32.4 (t), 28.4 (t), 22.5 (q); ‘H-NMR (CDCl3) d 7.40-7.20 (m, 5 H), 3.77 (m, 1 H), 3.06 

(dd, J = 11.2, 2.9 Hz, 1 H), 2.35 (m, 1 H), 2.25-2.10 (m, 2 H), 2.05-1.60 (m. 4 H), 1.60-1.20 (m, 3 

H), 0.31 (d, J = 6.0 Hz, 3 H); IR (CDCl3) 3610, 3416 (br), 3066, 3031, 2995, 2946, 2875,2809, 

2741,1373,1106 cm-l. 

(3S,SR,7R,8rrR)-(~)-3-Metbyl-5-phenyl-7-hyd~xy~~hydroindolizine (16). A solutton of 12 

(215 mg, 0.95 mmol) in 6 mL of acetic acid was added to a stirred prehydrogenated suspension of 

PtO2 (18 mg) m 6 mL of acetic acid. The mixture was left under hydrogen at 1Atm for 8 h. The 

solutron was filtered on a Cehte layer, washmg wrth acetic acrd, and then evaporated under 

vacuum. Water (12 mL) and a solution of NaOH 3 M (6 mL) were added, and the suspensron 

extracted with dtchloromethane (10 x 10 mL), drying overnight over sodmm sulfate. After 

ftltratron and concentratron, the resrdual of was chromatographed (CH2C12 + MeOH + NE& 

20 . 1: 0 001) affording 16 (70 mg, 32 %) and 17 (41 mg, 20%). 

16. 011, Rj 0.22. [a]*‘~ = + 88.0” (c = 0.48, chloroform), 96% ee (by ‘H-NMR of the salts 

wtth Mosher’ s acrd) *’ Anal. Calcd for ClsH2lNO* C, 77.88, H, 9.15; N, 6.05. Found. C, 77.57, 

H, 9 57; N, 6.21 MS m/z (rel mtenstty) 231 (M+, 6), 230 (4), 217 (17), 216 (loo), 154 (15), 112 

(15), 104 (17), 91 (8), 77 (7), 13C-NMR (CDCl3) d 143.3 (s), 128 2 (d, 2 C), 127 4 (d, 2 C), 126 8 

(d), 69.8 (d), 60.0 (d), 56.1 (d), 52.8 (d), 45.6 (t), 41.1 (t), 300 (t), 29.7 (t), 13.9 (q); ‘H-NMR 

(CDQ3) d 7.40-7.20 (m, 5 H), 3.73 (m, 1 H), 3.48 (dd, J = 11.0, 2 7 Hz, 1 H), 3 18 (m, 1 H), 2.68 

(m, 1 H), 2 25-2.15 (m, 1 H), 2.10-1.85 (m, 3 H), 1.60-1.15 (m, 4 H), 0.71 (d, J = 6 6 Hz, 3 H); IR 

(neat) 3550-3200 (br), 3087, 3061, 3027, 2959, 2869, 2794, 2717, 1453, 1380, 1370, 1171, 1136, 

1114,1067,1028,1011 cm-’ 

17. Colourless oil Rf 0 31 * , [a]*‘~ =+568”(c = 0 40, chloroform). MS m/z (rel mtensrty) 

215 (M+, 6), 200 (loo;, 138 (15), 104 (12), 91 (ll), 77 (4), 70 (6); 13C-NMR (CDCl3) d 143 5 

(s), 128.1 (d, 2), 127.5 (d, 2 C), 126.6 (d), 63 3 (d), 58.0 (d), 53.6 (d), 36 8 (t), 31 9 (t), 30 1 (t), 

29 2 (t), 25.1 (t), 13 8 (q), ‘H-NMR (CDC13) b 7.40-7.15 (m, 5 H), 3.40 (dd, J = 10.0, 2 9 Hz, 1 

H), 3 23 (m, 1 H), 2 55 (m, 1 H), 2.05-l 60 (m, 5 H), 1.55-1.05 (m, 5 H), 0 72 ( d,J = 6.6 Hz, 3 H), 

IR (neat ) 3065,3028,2936,2873,2796,2723,562,1452,1369,1325,1304,1289,1168, 1128,1107, 

1056 cm-l 
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