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Abatmct : Conciensation of chiral N-honwallyl jkmdno alcohols with glyoxal produces indnium ions which are cyclised with 

complete stereoselectivity. These substrates, whase reactivity is closely depe~&nt on the substitution pattern of the ethylemk moiety, 

umierga ene-iininium cyclizations thot ultimately lead to homochiral pipecolic acid tkivatiw3. 

(S)-Pipecolic acid is a nonproteinogenic amino acid widely distributed in plants.* Because they often 
display biological activity,2 substituted pipecolic acids have been the subject of intensive synthetic efforts in 
recent years. In addition to several preparations of such compounds in racemic form,3 asymmetric syntheses 
based upon the building Mock strategy starting from the chiral pool have been published.45 We present here a 
new enantioselective procedure in which the configurations of the stereogenic centers are governed by complete 
asymmetric induction from a versatile chiral auxiliary during a totally stereoselective ene-iminium cyclization.6 
The usefulness of this methodology in heterocyclic chemistry was highlighted in particular by recent total 
syntheses of alkaloids.7 

The ene-iminium cyclization, as depicted in Scheme 1, was first reported by Cope et al.8 ; it requires the 
participation of an external nucleophile (often arising from the solvent). Actually most syntheses make use of 
either vinylsilanes as the ene component 9 or an acyliminium moiety instead of the less reactive iminium ion. 10 

Nu 

Scheme 1 

We recently reported that iminium ions 2 are produced via a condensation between glyoxal and chiral p- 
amino alcohols.11 As shown in Scheme 2, these ions can be trapped with thiophenol and lead reversibly to an 
amino thioether moiety 1; the reverse reaction, i.e. generation of iminium ion 2 from the amino thioether 
precursor 1 is promoted by Lewis acids.The reaction with organozinc reagents afforded alkylated products 3 
with complete retention of configuration at the reactive site.12 
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Scheme 2 
The present work reports an intramolecular version of this reaction: now the iminium ion reacts with an 

ethylenic double bond linked to the nitrogen atom, as schematized below. The cyclization products are 
conveniently transformed into pipecolic acid derivatives. 

/ 

Scheme 3 

These ene-iminium cyclizations are totally stereoselective thus allowing an efficient control of 
stereochemistry at the two created stemogenic centers (see Scheme 3). 

RESULTS AND DISCUSSION 

The reactivity of ene-iminium subsuates is highly dependent on the substitution pattern of the ethylenic 
double bond. In the more favorable case, cyclization occurs spontaneously in aqueous solution. On the other 
hand, when the double bond in the N-homoallyl chain is unsubstituted. the iminium moiety must be generated 
from an amino thioether precursor in anhydrous medium. 

Sporuaneous cyclimtions in aqueous medium 
g-Amino alcohols 4 and 5 react with glyoxal (1.2 equiv) in a water-tetrahydrofuran solution to afford 

bicyclic compounds 7 and 10 (respective yields : 72 and 55%). When an excess of sodium azi& was present in 
the reaction medium, substrate 4 yielded a mixture of products 7 and 8 in a l/5 respective ratio (Scheme 4). The 
stereochemical outcome of these cyclixations will be discussed below; the resulting hemiacetals exist as epimeric 
mixtures at the hemiacetal center (C-5) owing to ring-chain tautomerism. 

L OH 

Scheme 4 
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Cyclizations from an iminium ion precursor 
No cyclizcd product was isolated when amino alcohol 11 was mated with glyoxal &ier the above 

conditions. The iminium ion precursor, i.e. the diaster~~~~~& mixture of amino thioethers 12 and 13, was 
prepared from the one-pot condensation of compound 11, glyoxal and thiophenol in aqueous solution; this 
mixture was then transformed into the trimethylsilyl derivatives 14 and 15 which were tteated with zinc bromide 
and n-BuqNBr. Desilylation was then effected with n-BuqNP leading to the cyclized hernia&al 16 (Scheme 5). 

ll _ _ 
R=H 12 ‘3 1 

R=SiMe3 14 

b 

15 

(a) aq.OHCCHO (1 equiv) I PhSH (1 equiv), 7094; (b) MegSiCI, NE@, 95%; (c) ZnBr2 (1.5 equiv) I n-B@lBr (2 equiv) ; 
(d)n-BuqNF, 78%. 

Scheme 5 

The respective ratio of amino thioethers 12/13 (as well as the silyl derivatives 14/U) is 80/20. The cis 
relationship between OH and SPh was deduced from two tH NMR observations : (i) a small coupling constant 
(1.8 Hz) between hydrogens at C-5 and C-6, (ii) a coupling (13.7 Hz) between the hydroxylic and the C-5 
hydrogens pointing to an intramolecular hydrogen bond between OH and SPh. Structme of the major isomer 12 
was assigned by comparison with the 1H NMR spectrum of its N-methyl analogue whose stereochemistry was 
provided unambiguously by X-ray crystallography.13 

Similarly the phenylthio substituted cyclized compound 18 resulted from the reaction of zinc chloride 
(0.1 equiv) and thiophenol (1 equiv) with the silylated amino thioethers 14 and 15 followed by deprotection 
by n-Bu@IF. Substitution of bromine in compound 16 by an acetoxy or an azido group was realized by treating 
16 either by cesium acetate in DMP or by sodium azide in DMSO, affording respectively the cyclized products 
19 and 20. 

17 R = SiMe3 
19 20 

Substrates 4 and 5 showing a gem-disubstituted ene double bond are more reactive than 11 in which the 
N-homoallyl chain is unsubstituted. Actually the tinsient positive charge which appears at the cyclic transition 
state (cf. Scheme 1) is stabilized when localized on a tertiary carbon atom and this explains why the substituted 
Iv’-homoallyl chain is more prone to react with the iminium moiety. The presence of water is detrimental to the 
reactivity of compound 11 since this solvent can react with the iminium double bond yielding a carbinolamine 
moiety thus emphasizing the sluggishness of the substrate. In fact the iminium moiety must be generated in 
anhydrous medium and this explains the rather tortuous way followed for cyclizing 11 (Scheme 5). 
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Pipecolic acid de?ivm-ves 
The transformadon of the above cyclized products into the coimspondbtg pipecolic acidderivacives was 

realized in three steps : (i) Swern oxidation of the hemiacetal moiety, (ii) cleavage of the benzylic carbtmidaogen 
bond by vinyl chlomformate, (ii) acidic hydrolysis cx methanolysis. This process is exemplified below (Scheme 
6) with the synthesis of enantiomerically pure (2&4JI)-(-)-Mydroxypipecolic acid 23 which is the enantiomer 
of the namrally occmring amino acid found in Acacia spccies.14 

Scheme 6 

Likewise hemiacetals 7,8,&U and 20 were converted respectively into the substituted pipecolic acid 
methyl esters 35-39 via the corresponding lactones 25-29 and urethanes 30-34 (prior to the debenzylation step, 
hydroxylactone 24 was acetylated and the resulting ester 25 was treated with vinyl chloroformate in order to 
yield urethane 30). 

- 30-34 - 

MeOOC 

24 R’=OH f@=Me 
25 R’ = OAc FP= Me 35 R’ = OH (cf.reP5) 
26 R’ = N3 R2= Me 36 
27 RI= Br R2=H 37 
28 R’= SPh R2=H 38 
29 IV = H R2 = N3 39 

Swem oxidation of the cyclized compound 10 afforded the expected Iactone 42 provided that an excess 
amount (3 equiv) of the oxidizing reagents was used. Otherwise compound 41 was produced, presumably from 
an intramolecular nucleophilic substitution of the oxosulfonium moiety by the tertiary hydroxylic group in 
intermediate 40 (Scheme 7). Side-reactions are known in such DMSO-mediated oxidations*6 but, to our 
knowledge, only one simiiar example of intramolecular etherification was repora~L*~ 
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Scheme 7 
Compound 41 is a crystalline material which was analyzed by X-ray crystallography (Figum l).t* Its 

structure is in agreement with the s&reochemistry of the ene-iminium cyclization products, showing in particular 
the tranp relationship between the external nucleophile (he= OH) and the phenyl group of the chiral auxiliary. 

1 

Ph 

Figure 1 

It shodd be noticed that such ene-iminium cyclizations can be viewed as reverse Grob fragmentations 
(Scheme 8); actually it is known that such eliminations require rather drastic experimental conditions in the case 
of rhalo amines19 and a~ inoperative for rhydroxy amines. 2. Furthermore an acetic acid solution of compound 
16 refluxed in the presence of sodium acetate does not show any exchange between Br and AcO. 

Nu - 

Sekme 8 
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Scheme 9 
All these reactions are totally stereoselective and this can be ascribed to two features. Firstly the 

nucleophile-assisted ene-iminium cyclization is a stereospecific processor whose mechanism implies that the ene 
double bond undergoes an anti addition of the external nucleophile and of the electrophilic iminium ion. On the 
other hand, stereoselectivity governs the direction of the ene fixation onto the C=N+ site. This point is depicted 
on Scheme 9 which shows that the axial attack leading to a pre-chair transition state may follow two directions 
for cyclixing the iminium ion derived from 13. Path B is unfavored because of the steric hindrance between the 
phenyl group and the incipient cycle on the lower side of the molecule, i.e. syn to the phenyl substituent. It 
should be noted that this stereochemical outcome corresponds exactly to what we already observed12 (cf. Scheme 
2) with similar substrates reacting in an intermoleculur fashion with organozinc reagents. 

EXPERIMENTAL SECTION 

General comments 
*H and 13C spectra (CDCl3 solution unless otherwise stated) were respectively carried out on a Bruker AC 200 
spectrometer at 200 and 56 MHZ, chemical shifts sre reported in ppm downfield from TMS, unless otherwise 
stated. Ootical rotations were determined with a Perkin-Elmer 141 instrument. Meltine uoints were obtained with 
a Reiche; apparatus (hot stage provided with a microscope). Mass spectra were pe&nned on a Kratos MS 30 
apparatus. lnli-ated spectra were recorded on a Perkin Elmer 1420 spectrometer. Microanalyses were obtained by 
the Laboratory of Microanalysis of the Universitk P. et M. Curie. 
All reactions were carried out under nitrogen except those performed in aqueous solution. Column 
chromatography was performed on silica gel, 230400 mesh. Mention of “usual workup” means: (i) decantation 
of the organic layer, (ii) extraction of the aqueous layer with ether, (iii) drying of the combined organic phases 
over MgS04, (iv) solvent evaporation under reduced pressure. Compositions of stereoisomerlc mixtmes were 
determined by NMR analysis on crude products before any puritication. 
344ethyl-3-butenyi-p-toluenesulfonate 
p-Toluenesulfonyl chloride (12g, 63 mmol) was added portionwise at room temperature to a solution of 
3-methylbut-3-enol (5.85 ml, 60 mmol) and pyridine (10 ml, 120 mmol) in chloroform (40 ml). The solution 
was stirred for 15h at room temperature and was then diluted with ether (150 ml). To the resulting suspension 
was added a solution of 1N HCl(1OOml), the organic layer was separated and washed successively with 1N HCI 
(2 x 100 ml), a saturated solution of NaHCO3 (2 x 100 ml), and brine. Drying over MgS04 and solvent 
evaporation under reduced pressure yielded the tosylate as an oil (13.5g, 94 %), which was used without further 
purification. *H NMR : 1.75 (s, 3H, CH$=C), 2.44 (s, 3H, CHsAr), 2.47 (t, J = 6.8 Hz, 2H, CH$=C), 
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4.12 (t, J = 6.8 Hz, 2H, CH20), 4.77 (b s, lH, C=CH), 4.85 (b s, lH, C=CH), 7.34 (d, J = 8Hz, 2H, Ar), 
7.78 (d. J = 8Hz. 2H, Ar). 
N-(3-Methyl-3-butenyl)-(R)-phenylglycind 4 
A solution of (R)-phenylglycinol (lg. 7.35 mmol), 3-methyl-3-butenyl-p-toluenesulfonate (1.94 g, 8.1 mmol) 
and diisopropylethylamine (1.4 ml, 8.1 mmol) in acetonitrile (30 ml) was mfluxed for 24 h. Addition of water 
(30 ml) and usual workup yielded, after flash chromatography (ether and then 3 % MeOwether), amino alcohol 
4 as a colorless oil (789 mg, 53%) : [al, 20 -55” (c 0.55, CHC13); tH NMR : 1.56 (s, 3H, CH3), 2.10 (t, J = 7.2 
Hz. 2H, CH$=C), 2.4-2.6 (m, 2H, CHzN), 3.16 (b s, 2H, OH and NH), 3.5-3.7 (m, 3H, PhCHN and 
CHzO), 4.62 (b s, 1H. C=CH). 4.67 (b s, 1H. C=CH), 7.1-7.25 (m. 5H, Ph); l3C NMR : 22.1, 37.9, 44.7, 
64.7. 111.6, 127.2, 127.4, 128.5, 140.5, 143.2. Anal. Calcd for Ct3HtgNO : C, 76.05; H, 9.23; N, 6.82. 
Found : C, 76.38; H, 9.23; N, 6.74. 
N-[2(1 -Cyclohexen-yl)ethyl]-(R)-phenylglycinol S 
A solution of (R)-phenylglycinol (5g, 36 mmol), 1-(2-p-toluenesulfonylethyl)cyclohexene2t (10 g, 36 mmol) 
and diisopropylethylamine (6.4 ml, 39 mmol) in acetoninile (80 ml) was refluxed for 24 h. Addition of water (50 
ml) and usual workup yielded, after flash chromatography (ether and then 10 % MeOJWether), amino alcohol 5 
as a white solid (5.5 g, 62%): mp 73’C; [al, 20 -50.5’ (c 0.5, CHC13). tH NMR : 1.4-1.6 (m, 4H), 1.7-i.8 (m, 
2H), 1.9-2.0 (m, 2H). 2.05 (t, J = 6.5 Hz, 2H, CHzN), 2.36 (b s, 2H. OH and NH), 2.45-2.65 (m, 2H). 3.45- 
3.75 (m, 3H), 5.43 (b s, lH, CH=C), 7.2-7.5 (m, 5H, Ar); t3C NMR : 22.4, 22.9, 25.2, 28.0, 38.3, 44.8, 
64.5, 66.4, 123.0, 127.1, 127.5, 128.6. 140.6. Anal. Calcd for Ct6H23NO : C, 78.32; H, 9.45; N, 5.71. 
Found : C, 78,06, H, 9.32; N, 5.83. 
(2R,6R,8S)-5,8-D~hydro~-8-methyl-2-p~lnyl-4-oxa-l-azabicyclo[4.4.O]decane 7 
To an emulsion of amino alcohol 4 (54Omg, 2.65 mmol) in THF (3 ml) and water (3 ml) was added dropwise an 
aqueous solution of glyoxal (40 % wt, 0.35 ml, 3.15 mmol). After stirring at room temperature for 5h, the 
emulsion was extracted with ether (4 x 10 ml). Drying over MgSO4 and solvent evaporation under reduced 
pressure gave a residue which was purified by flash chromatography over a short column of silica gel (5% 
MeOWether): Rf = 0.25. Compound 7 was obtained as an oil (65/35 epimeric mixture at C-5, 502 mg. 72%). 
1H NMR : 1.1 (s, 1.95H, CH3). 1.18 (s, l.O5H, CH3), 1.2-2.4 (m, 5H), 2.6-3.1 (m, SH), 3.6-4.15 (m, 5H), 
4.80 (d, J = 5.4 Hz, 0.65H, H-5), 5.11 (b s, 0.35H, H-5), 7.2-7.6 (m, 5H, Ph); l3C NMR (major epimer) : 
25.5, 35.0, 36.6, 48.3, 56.6, 59.1, 66.8, 69.5, 96.4, 127.9, 128.3, 128.8, 137.9. 
(2R,6R,8S)-8-Azido-5-hydroxy-8-methyl-2-phenyl-4-oxa-l-azabicyclo[4.4.O]decane 8 
To an emulsion of amino alcohol 4 (412mg, 2.02 mmol) and sodium azide (523 mg. 8.08 mmol) in THF (2.5 

ml) and water (2.5 ml) was added dropwise an aqueous solution of glyoxal(40 46 wt ,0.275 ml, 2.42 mmol). 
After stirring at room temperature for 3h, the emulsion was extracted with ether (4 x 10 ml). Drying over MgSO4 
and solvent evaporation under reduced pressure gave a residue which was purified by flash chromatography 
(90% ether/pettoleum ether): Rf = 0.5. Compound 8 was obtained as an oil (75/25 epimeric mixture at C-5,319 
mg, 55%). tH NMR : 1.19 (s, 2.25H, CH3), 1.24 ( s, 0.75H, CH3), 1.5-2.5 (m, 4H), 263.15 (m, 2H), 3.5- 
4.2 (m, 4H), 4.7 (b s, lH, OH), 4.76 (d, J = 4.5 Hz, 0.75H, H-5), 5.11 (d, J = 2.6 Hz, 0.25H, H-5), 7.2-7.5 
(m, 5H, Ph); 13C NMR (major epimer) : 22.0, 32.7, 35.4, 46.9, 55.9, 58.8, 60.0, 66.6, 95.9, 127.9, 128.5, 
129.1, 137.8. 
(2R,6R,7S,12S)-5,12-Dihydroxy-2-phenyl-4-oxa-l -azatricyclo[8.4.0.07~12]tetradecane 10 
To an emulsion of amino alcohol 5 (4.1 g. 16.4 mmol) in THF (75 ml) and water (75 ml) was added dropwise 
an aqueous solution of glyoxai (40 % wt, 2.4 ml, 16.6 mmol). After stirring at room temperature for 48 h, the 
emulsion was extracted with ether (4 x 50 ml). Drying over MgS04 and solvent evaporation under reduced 
pressure gave a residue which was purified by flash chromatography over a short column of silica gel (10% 
MeOWether): Rf = 0.25. Compound 10 was obtained as an oil (60/40 epimeric mixture at C-5,4.6g, 91%). 1H 
NMR : 1.0-2.0 (m, lOH), 2.05-2.3 (m, 1.2H). 2.4-2.6 (m, 0.8H), 2.75-3.1 (m, 2H), 3.6-4.65 (m, 5H), 5.21 
(b s, 0.4H, H-5), 5.29 (d, J = 3.1 Hz, 0.6H, H-5), 7.15-7.6 (m, 5H, Ar); 13C NMR (major e 
21.7, 22.0, 23.1, 33.4, 42.3, 46.5, 57.6, 59.9, 64.3, 71.0, 91.1, 127.5, 127.8, 128.3, 129.6, 1 $ 

imer): 21.3, 
8.6. 

N-(3-Butenyl)-(R)-phenylglycinol ll 
4-Bromo-1-butene (5g, 36.5 mmol) was added to a solution of (R)-phenylglycinol (5g, 36.5 mmol) and 1,8- 
diazabicyclo[5.4.0]-undec-7-ene (DBU) (5.54 g, 36.5 mmol) in toluene (1OOml). The solution was heated at 
8O“C for 12h and water (50 ml) was then added. The organic layer was washed with water (50 ml), brine (50 
ml), and the aqueous layer was extracted with dichloromethane (2 x 50 ml). Drying of the combined organic 
extracts over MgS04 and solvent evaporation under reduced pressure yielded a residue which was flash 
chromatographied (ether and then 5 % MeOWether). Amino alcohol llwas obtained as an oil which crystaGed 
on standing (3.65 g, 56 8) : mp 46°C; [a], 2c -64.9’ (c 0.5, CHC13); tH NMR : 2.22 (q, J = 6.7 Hz, 2H, C&- 
CH=CH;?), 2.5-2.6 (m, 2H, CHzN), 2.63 (bs, 2H, OH; NH), 3.53 (dd, J = 8.8 and 10.5 Hz, lH, PhCHN), 
3.7-3.8 (m. 2H, CH$), 5-5.1 (m. 2H, CH=‘&IHz), 5.7-5.8 (m, lH, W=CH;?), 7.2-7.4 (m, 5H, Ph); 
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t3C NMR: 34.4, 46.4.64.6, 66.7. 116.4, 127.2, 127.6, 128.6, 136.4. 140.9. Anal. Calcd for Cl$it7NO : 
C, 75.35; H, 8.94; N, 7.32. Found : C, 75.16; H, 8.85; N, 7.42. 
(ZR, 3R, 5R) and (2S, 3S, SR)-N-(3-B#enyl)-2-hydroxy-S-phcnyl-3-phenylthiorolorpholi~sl2 and Z3 
Amino &ohoI ll(3g. 17 mmol) was added portionwise into an aqueous solution of glyoxal (1M solution, 16.8 
ml). The resulting suspension was vigourously stitmd for 12h at room tempera~. Addition of water (20 ml) 
and thiophenol(1.83g, 17 mmol) followed by a 4h additional stirring gave a sus 

6 
nsion which was extracted 

with dichloromethane (3 x 30 ml). Drying over MgSQ and solvent evaporation un r redud pressme yielded a 
residue which was purified by flash chromatography (40% ether/petroleum ether, Rf : O.g).Title compounds 
were obtained as a thick oil (mixture of diastereoisomers : 12/13 : 75/25,4.lg, 72%). 1H NMR : 1.65 (m, 
1.5H, CI-I+C), 1.85 (m, 0.5H. CH$=C), 2.3-2.5 (m, lH, NCH2). 2.6-2.8 (m, lH, NCIiz), 3.4-4.2 (m, 
3H), 4.5-5.1 (m, 4H), 5.3-5.6 (m, H-I). 7.15-7.6 (m, lOH, Ph). In the multiplet between 4.5 and 5.1 ppm the 
following resonances are caracteristic of the major diastemoisomer 12 : 4.54 (d, J = 13.7 Hz, OH), 4.81( d, J = 
1.3 Hz, H-3), 5.04 (dd, J = 13.7 and 1.3 Hz, H-5); 13C NMR (major diastereoisomer) : 30.1, 48.9, 61.0, 
71.5, 84.2, 93.3, 115.8, 127.4, 129.3, 133.2, 135.6, 137.7. Anal. Calcd for C!&-I23NO$ : C, 70.35; Ii, 
4.10; N, 6.79. Found : C, 70.06; H, 3.97; N, 6.76. 
(2R, 3R, SR) and (2S, 3S, SR)-N-(3-Butenyl-5-phenyl-3-phenylthio-2-~imet~~ilylo~o~~iines 14 and 
15 
Trimethylsilyl chloride (0.524g. 4.83 mmol) was added dropwise at 0°C to a solution of oxazincs 12 and 13 
(1 .lg, 3.22 mmol) and triethylamine (0.49g, 9.66 mmol) in THF (20 ml). The resulting suspension was stirted 
for 15 min at mom temperature. Addition of water (20 ml) and ether (20 ml), followed by usual workup, yielded 
a residue which was purified by flash chromatography (10% ether/petroleum ether, Rf : 0.85). Compounds 14 
and 15 were obtained as a 8W20 mixture (oil, 1.22g, 92%).lH NMR : 0.22 and 0.33 (two singlets, 9H, 
SiMeg), 1.8-2.1 (m, 2H, CH2C=C), 2.4-2.6 (m, lH, NCH2). 2.7-3.05 (m. lH, NCHz), 3.45-5.2 (m, 7H), 
5.5-5.7 (m, lH, CH+C), 7.1-7.75 (m, lH, Ph). In the multiplet between 4.5 and 5.1 ppm, the following 
resonances are caracteristic of the major diastcreoisomer 14 : 4.61 (s, H-3). 5.21 (s, H-S); 13C NMR : (major 
diastereoisomer) : 0.3, 30.5, 48.4, 61.3, 71.4, 80.2, 96.4, 115.5. 126.5. 138.2. Anal. Calcd for 
C!2$l31N%SiS : C, 66.78; H, 7.56; N, 3.39. Found : C. 66.89; H, 7.72; N. 3.54. 
(2R,6R,8S)-8-Bromo-5-hydroxy-2-phenyl-4-oxa-Z-azabi~c~[4.4.O]decMe I4 
To a suspension of n-BuqNBr (3.8 

08 
, 

(lOOm1) was added dropwise at -50 
11.6 mmol) and compounds 14 and 15 (2.4g. 5.8 mmol) in dry ether 

a solution of zinc bromide in ether (1M solution, 8.7 ml). The suspension 
was allowed to reach room temperature within 2h under vigourous stirring. A solution of n-BuqNF in THF was 
then added (1 . 1M solution, 7.9 ml) and stirring was maintained during 12h at room temperamne.After add&ion of 
water (150 ml) the organic phase was separated and the aqueous suspension was extracted with dichloro- 
methane (3 x 50 ml). Organic layers were washed with water, brine, and dried over MgS04. Concentration in 
vacua gave a residue which was purifiid by flash chromatography (75% ether/petroleum ether, Rf = 0.7). 
Hemiacetal16 was obtained as an oil (50/50 epimeric mixture at C-5, 1.4g, 78 ‘Rb): lH NMR : 1.7-2.4 (m, 5H), 
2.6-2.8 (m, 1.5H, H-lo), 2.9-3.1 (m, 0.5H. H-101, 3.55-4.1 (m, 4H), 4.72 (d, J = 4.2 Hz, 0.5H, H-5). 5.03 
(d, J = 2.5 Hz, 0.5H, H-5), 5.2 (b s. lH, OH), 7.0-7.5 (m, 5H, Ph); *SC NMR : 31.6, 33.0, 33.7,48.1,49.1, 
50.8, 50.7, 58.7, 57.6, 59.3. 59.9, 66.4, 68.6, 93.8, 95.2, 128.0, 137.7. 
(2RSS,6R,8S)-5-Trimethylsilylory-2-phenyl-8-phenylthio4-oxa-l-azabicyclo[4.4.O]decane 17 
To a solution of compounds 14 and 15 (f500 mg, 1.45 mmol) and thiophenol (160 mg, 1.45 mmol) in 
dichloromethane (15 ml), was added zinc chloride (1M ether solution, 0.145 ml ). The solution was K&I& fa 
24h. Addition of water and usual work up gave a residue which was flash chromatographied (15% 
ether/petroleum ether). The following products were eluted successively: (i) thiophenol and starting compounds 
(284mg, Rf = 0.9), (ii) silylated bicyclic hemiaoetal 17 (115 mg, 26%, Rf = O.S).C!ompound 17 was obtained 
as an oil : [a]o2o -46.8" (c 0.9, CHC13); IH NMR : 0.17 (s. 9H, SiMe3). 1.5-2.0 (m, 4H), 2.1-2.35 (b t, J = 9 
Hz, lH, H-8). 2.7-3.15 (m. 3H), 3.58 (dd. J = 6.7 and 11.1 Hz, lH), 3.85 (dd, J = 6.7 and 3.5 Hz, lH), 4.15 
(dd, J = 11.1 and 3.5 Hz, lH), 5.01 (d, J = 2.1 Hz, lH, H-J), 7.15-7.5 (m, lOH, Ph); l3C NMR : 0.1, 28.9, 
45.9, 50.7, 58.2, 59.7, 68.4, 94.6, 127.2, 127.9, 128.5, 128.9. 129.0, 133.0, 139.8. Anal. Calcd for 
C23H31N02SiS : C, 66.78; H, 7.56; N, 3.39. Found : C, 64.46; H, 7.71; N, 3.60. 
(2R,6R,8S)-S-Hydroxy-2-phe~l-8-phenylrk-oxa-Z-azobicyclol4.4.0]&cane 18 
A solution of n-BuqNF in THF (l.lM solution, 0.8% ml, 0.996 mmd) was added dnopwise to a solution of 
compound 17 (370 mg, 0.9 mmol) in THP (10 ml). The solution was stirred for 15 min at r.t, then water (10 
ml) and ether (10 ml) were added Usual workup and flash chromatography (ether, Rf = 0.8) aff’ 18 as an 
oil (60/40 epimeric mixture at C-5.250 mg, 83 96). tH NMR: 1.5-2.3 (m, 5H), 2.7-2.8 (m. 1.2H, H-10). 2.9- 
3.1 (m, 0.8H. H-IO), 3.6-4.2 (m. 4H), 4.74 (d, J = 4.6 Hz, 0.6H. H-S), 5.1 (d, J = 2 Hz, 0.4H, H-5). 5.15 
(b s, lH, OH), 7.1-7.55 (m, 1031, Ph); 
93.6, 127.1, 128.4, 137.2, 137.7. 

13C NMR (major epimer): 15.1, 28.7, 31.8, 44.3, 50.4, 58.2, 65.7, 
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(2R,6R,8R)-8-Acetoxy-S-~~o~-2-phenyl-4-oxa-l-azabicyclo[4.4.O]decane 19 
A suspension of hemiacetal 16 (1.3g, 4.2 mmol) and cesium acetate (8g. 41.6 mmol) in DMF (20 ml) was 
heated at 8oOC for 5 h. The solvent was then evaporated under reduced pressure and the residue was partitioned 
between water (SO ml) and ether (SO ml). Usual workup followed by flash chromatography (50% 
ether/petroleum ether, then ether) gave by order of elution: (i) starting compound 16 (300 mg, 23%). (ii) 
hemiacetal 19 (660 mg. 54%) as an oil, 70/30 epimeric mixture at C-2 (Rf = 0.3 and 0.2, ether) : 1H NMR : 
1.25-2.1 (m, 7I-I). 2.5-2.65 (m, 2H), 3.1-4.1 (m. SH). 4.77 (d, J = 3.6 Hz, 0.7H. H-S), 5.07 (d, J = 2.8 Hz, 
0.3H. H-S), 5.1-5.2 (m. lH, H-8), 7.2-7.5 (m, SH, Ph); t3C NMR (major epimer) : 22.0, 25.2, 28.0, 44.5, 
54.0, 58.0, 66.5, 68.0, 95.3, 127.9, 128.5. 128.9, 139.8, 170.1. 
(2R,6R,8R)-8-Azido-S-hydroxy-2-phenyl4-oxa-l-azabicyclo[4.4.O]decane 20 
A solution of 16 (1.3 g, 4.2 mmol) and sodium azide (1.36 g, 21 mmol) in DMSO (30 ml) was heated at 1OOT 
for 12 h. The solution was cooled and water (SO ml) was then added. Usual workup and flash chromatography 
(ether) yielded by order of elution: (ii) starting compound 16 (400 mg, 29 %), (ii) hemiacetal20 (326 mg, 
29%) as an oil, 75/25 epimeric mixture at C-2 (Rf = 0.35). 1H NMR : 1.4-1.55 (m. lH), 162.l(m, 3H), 2.4- 
2.6 (m, 2H), 3-3.4 (m, lH), 3.6-4.2 (m, 4H), 4.76 (d, J = 4.4 Hz, 0.7SH, H-S), 5.0 (b s, lH, OH), 5.09 (d, 
J = 2.4 Hz, 0.2SH, H-S), 7.2-7.5 (m, SH. Ph); 13C NMR (major epimer) : 25.5. 28.4, 44.5. 53.9, 56.1, 57.9, 
66.4, 95.6, 127.9, 128.4, 129.9, 137.8. 
(2R,6R,8R)-8-Azido-S-oxo-2-phenyl-Q-oxa-I-azabicyclo[4.4.O]decane 21 (general procedure) 

Dimethyl sulfoxide (314 mg, 4 mmol) was added dropwise to a solution of oxalyl chloride (276 mg, 2.18 mmol) 
in CH2C12 ( 5 ml) at -SOY!. After stirring 5 min at -SOT, hemiacetal20 (529 mg. 1.82 mmol) in CH$!12 (5 ml) 
was introduced. After 1 h at -50°C. triethylamine (899 mg. 9.1 mmol) was added, and the mixture was allowed 
to warm to r.t. during lh 30. Addition of water (20 ml) followed by usual workup yielded a residue which was 
purified by flash chromatography (75% ether/petroleum ether, Rf = 0.45). Lactone 21 was obtained as an oil 
which crystallized on standing (336 mg, 64%): mp 80°C, [aID 2. -7.6“ (c 0.3, CHC13); tH NMR: 1.5-1.7 (m, 
lH), 1.75-1.9 (m, 1H). 1.97 (s, 3H, CH3CO), 2.1-2.9 (m, 2H), 2.6-2.7 (m, 2H, H-lo), 3.73 (t, J = 6.2 Hz, 
lH, H-2), 4.03 (b t,J = 5.4 Hz, lH, H-6), 4.41 ( dd, J = 6.2 and 11.2 Hz, lH, H-3), 4.64 ( dd, J = 6.2 and 
11.2 Hz, lH, H-3), 5.1 (b q, J = 4.1 Hz, lH, H-8), 7.3-7.4 (m, SH, Ph); t3C NMR : 20.9, 28.1, 30.6, 46.5, 
53.9, 67.2, 72.0, 127.9, 128.6, 135.5, 169.7, 170.2. IR (CHCl3) : 1740 cm-t; m/z 289 (M+), 185, 171, 104. 
This procedure was followed for the preparation of the lactones described hereafter. 
(2R,6R,8S)-8-Hydroxy-8-methyl-5-oxo-2-phenyl4-oxa-l-azabicyclo[4.4.O]decane 24 : From hemiacetal7 
with 2.4 equiv. of reagents; oil, 63%; [a],, 20 +40.1’ (c 0.52, CHCl3 ); tH NMR: 1.22 (s, 3H, CH3), 1.4-1.5 
(m, lH, H-7 or H-9), 1.6-1.7 (m, lH, H-7 or H-9), 1.98 (ddd, J = 1.1, 3.7 and 8.8 Hz, lH, H-7 or H-9), 2.1- 
2.2 (m, lH, H-7 or H-9), 2.5-2.6 (m, lH, H-lo), 2.9 (b s, 1H OH), 3.66 (dd, J = 5 and 7 Hz, 1H. H-3), 4.02 
(dd, J = 5 and 8 Hz, H-S), 4.37 (dd, J = 8 and 11.6 Hz, lH, H-6), 4.58 (dd, J = 5 and 11.6 Hz, lH, H-6), 
7.3-7.4 (m, SH, Ar); l3C NMR: 31.6, 40.5, 41.3, 51.2, 58.4, 64.1, 70.9, 74.8, 131.2, 140.0, 170.0. 
IR (CHC13): 3400,1740,1400 and 1450 cm-t; m/z 261 (M+), 217,104. 
(2R,6R,8S)-8-Azido-8-methyl-S-oxo-2-phenyl-4-oxa-l -azabicyclo[4.4.0]decane 26 : From hemiacetal8. Oil, 
62%; [a],20 -42.3’ (c 0.3, CHCl3 ); *H NMR: 1.24 (s, 3H, CH3), 1.4-1.55 (m, lH, H-7; H-9), 1.65-1.8 (m, 
lH, H-7; H-9), 1.95-2.2 (m, lH, H-7; H-9), 2.35-2.5 (m, lH, H-lo), 2.9 (td, J = 4.3 and 12.8 Hz, lH, 
H-lo), 3.45 (dd, J = 4.5 and 9 Hz, lH, H-3). 3.86 (t, J = 5 Hz, lH, H-S), 4.49 (dd, J = 5 and 11.2 Hz, IH, 
H-6), 4.68 (dd, J = 5 and 11.2 Hz, lH, H-6), 7.3-7.4 (m, SH, Ph); 13C NMR: 22.2, 33.8, 36.0, 46.5, 54.9, 
59.1, 71.8, 128.2, 128.7, 135.2, 169.4. IR (CHC13): 2100, 1740, 1450 cm-t; m/z 286 (M+), 242, 228, 104. 
(2R,6R,8S)-8-Bromo-5-oxo-2-phenyl-4-oxa-I-azabicyclo[4.4.O]decane 27 : From hemiacetal 16. Oil, 67%; 
[alD20 -57.6’ (c 1.4, CHC13 ); tH NMR: 1.7-2.1 (m, 4H, H-7; H-9), 2.4-2.5 (m, lH, H-lo), 2.63 (td, J = 3.1 
and 12.9 Hz, lH,.H-lo), 3.05 (dd, J = 3 and 11.8 Hz, lH, H-3), 3.55-3.65 (m, lH, H-8), 3.86 (t, J = 4.5 Hz, 
IH, H-S), 4.24 (dd, J = 4.5 and 11 Hz, lH, H-6), 4.38 (dd, J = 4.5 and 11 Hz, lH, H-6), 6.9-7.2 (m, SH, 
Ph); 13C NMR: 34.2, 37.3, 46.5, 50.1, 57.4, 59.0, 73.0, 128.5, 128.7, 134.0, 167.9. IR (CHC13): 1740, 650 
cm-l; m/z 309 (M+), 307,267, 265, 252, 230, 172. 
(2R,6R,8S)-S-Oxo--2-phenyl-8-phenylthio-4-oxa-l-azabicyclo[4.4.0]decane 28 : From hemiacetall8. Oil, 
74%; [a],2o -82.9O (c 0.1, CHC13 ); IH NMR: 1.45-2.1 (m, 3H). 2.26 (td, j = 11.9 and 2.5 Hz, lH, H-8), 2.4- 
2.55 (m, lH), 2.8-3.05 (m, 2H), 3.25 (dd, J = 11.6 and 2.8 Hz, lH, H-6), 4.03 (t. J = 4.3 Hz, lH, H-2), 
4.48 (dd, J = 4.3 and 10.8 Hz, lH, H-3), 4.64 (dd, J = 4.3 and 10.8 Hz, lH, H-3), 7.05-7.5 (m, lOH, Ar). 
13C NMR: 29.7, 33.6, 44.7, 50.2, 57.9, 58.8, 73.1, 127.5, 128.6, 128.7, 128.9, 133.0, 134.3, 169.0. Anal. 
Calcd for CmH21NS@ : C, 60.14; H, 5.30; N, 3.51. Found : C, 59.72; H, 5.34; N. 3.35. . 
(2R,6R,8R)-8-Azido-5-oxo-2-phenyl-4-oxa-l-azabicyclo[4.4.O]decane 29 : From hemiacetal 20. Oil, 85%; 
[alD20 +24.1” (c 1, CHC13); lH NMR: 1.5-1.7 (m, lH, H-7 or H-9), 1.7-2.15 (m, 2H, H-7 or H-9), 2.15-2.3 
(m, lH, H-7 or H-9), 2.55-2.8 (m, 2H, H-lo), 3.7-3.9 (m, 2H, H-3; H-8), 3.94 (dd, J = 5.4 and 7 Hz, lH, 
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H-5), 4.34 (dd, J = 7 and 11 Hz. 1H. H-6), 4.62 (dd, J = 5.4 and 11 Hz, H-I, H-6), 7.2-7.5 (m, 5H, Ph); 13C 
NMR : 29.2, 30.5, 48.2, 53.4, 55.0, 61.0, 71.3, 127.6, 128.3, 136.0, 170.6; IR (CHCl3): 1740,210o cm-t ; 
m/z 272 (M+), 228,214,104. 
{2R,6R,8S)~-Acetoxy-8-methyl-S-axo-2-p~nyl~-o~-l-azabicyclo[4.4.O]&cane 25 
To a solution of lactone 24 (244 mg, 0.934 mmol) and dimethylaminopyridine (183 mg, 1.2 mmol) in 
dichlommethane (4 ml) was added acetic anhydride (0.125 ml, 1.2 mmol). The mixture was stir& overnight at 
room temperature, and water (5 ml) was then added. After usual workup and flash chromatography (70 % 
ether/petroleum ether, Rf = 0.5). acetate 25 was obtained as an oil (141 mg, 50 %): [u],20 -21.6” (c 
0.2, CHC13 ); lH NMR: 1.49 (s, 3H. CH3), 1.7-1.8 (m. lH, H-7 or H-9). 1.9-2.2 (m, W, H-7 or H-9), 2.06 
(s, 3H, COCH3). 2.4-2.6 (m, 2H ), 2.8-3.0 (m, 1H. H-10), 3.57 (dd, J = 4.4 and 9.4 Hz, lH, H-3). 4.1 (dd, 
J = 4.6 and 6.7 Hz, 1H. H-5), 4.43 (dd, J = 4.6 and 11.3 Hz, lH, H-6), 4.59 (dd, J = 4.6 and 11.3 Hz, lH, 
H-6), 7.3-7.4 (m, 5H, Ph); 13C NMR: 22.3, 23.0, 34.0, 35.0, 46.7, 55.3, 58.7, 71.8, 78.9, 128.1, 128.4, 
128.9, 135.6, 169.8, 170.2. 
Urethane derivative 22 (general procedure) 
A solution of 1aEtone 21(259 mg. 0.9 mmol) in dichlommethane (2 ml) and vinyl chlomformiate (1.5 ml) was 
refluxed for 24 h. Concentration and flash chromatography of the residue (50% ether/petroleum ether) yielded 
urethane 22 as an oil (240 mg, 68%): [aID 2o -72.8’ (c 0.6, CHCl3); lH NMR:a 1.1-1.8 (m. 4H), 1.96 (s, 3H, 
COCH3), 2.4-2.5 (m, lH, H-6), 2.9-3.15 (m, lH, H-6), 4.05-4.2 (m, IH). 4.4-4.9 (m, 4H), 5.0-5.2 (m, 1H. 
CH=C!H2), 5.1 (t, J = 7 Hz, lH, H-5). 7.0-7.2 (m, lH, W=CH2), 7.15-7.45 (m, 5H, Ph). Anal. Calcd for 
Ct9H22NC106 : C, 57.65; H, 5.60; N. 3.54. Found : C, 57.77; H, 5.69; N, 3.69.This procedure was followed 
for the preparation of the urethanes described hereafter. 
Urethane derivative 30 (from lactone 25) : oil, 7 1%; [a],, 20 +92.7” (c 0.2, CHC13 ); 1H NMRz 1.48 and 1.50 
( two singlets, 3H, CH3). 1.5-1.9 (m, 2I-& H-3 or H-5). 1.87 and 1.88 (two singlets, 3H, CH3CO), 2.45-2.65 
(m, 2H, H-3 or H-5), 3.05-3.45 (m, lH, H-6), 3.9-4.1 (m, 1H. H-6). 4.3-4.6 (m, 3H), 4.7-4.9 (m, 2H). 5.0- 
5.1 (m, 1H). 7.05-7.4 (m, 6H, Ar, CIf=CH2). Anal. Calcd for C!z$-l24NC106 : C, 58.61; H, 5.90, N. 3.12. 
Found : C, 58.31; H. 5.81; N, 3.12. 
Urethane derivative 31 fjiom lactone 26) : oil, 74%; [a]n 2. +62.8” (c 0.2, CHC13 ); tH NMR: 1.32 and 1.33 ( 
two singlets, 3H, CH3), 1.4-1.9 (m. 2H, H-3 or H-5), 2.45-2.65 (m, 2H, H-3 or H-5), 3.15-3.45 (m, 1H. H- 
6), 3.95-4.05 (m, lH, H-6), 4.4-4.9 (m, 4H), 5.05-5.15 (m, lH), 7.1-7.45 (m, 6H, Ar; CYf=CHz). Anal. 
Calcd for C&-l21N&104 : C, 55.03; H, 5.39; N, 14.26. Found : C, 54.88; H, 5.19; N, 14.14. 
Urethane derivative 32 porn lactone 27) : oil, 75%; [aID 2o + 58.4” ‘(c 0.5 CHC13 ); tH NMR: 1.8-2.1 (m. 
2H, H-3 or H-5). 2.4-2.4 (m, lH, H-3 or H-5). 2.5-2.65 (m, lH, H-3 or H-5). 3.3-3.65 (m, 2H, H-6), 3.85- 
4.1 (m, 1H). 4.4-5.1 (m, 6H), 7.1-7.5 (m, llH, Ph; OCH=CHz). Anal. Calcd for C17Ht9NBrC104 : C, 49.00; 
H.4.60; N, 3.36. Found : C, 48.82; H, 4.56; N, 3.30. 
Urethane derivative 33 cfrom lacrone 28) : 75%; mp. 68°C; [a], 2o + 38’ (c 0.3 CHC13 ); tH NMR: 1.65-2.0 
(m, 2H), 2.15-2.25 (m, lH), 2.5-265 (m, lH), 3.3-3.65 (m, 2H), 3.85-4.1 (m, IH), 4.4-5.1 (m, 6H), 7.1-7.5 
(m, 11H). Anal. Calcd for C23H24NClS04 : C, 61.94; H, 5.42; N, 3.14. Found : C, 61.93; H, 5.47; N. 3.07. 
Urethane derivative 34 porn lactone 29) : oil, 80%; [a], 20 +72’ (c 0.6, CHCl3); tH NMR: 1.3-1.7 (m. 2H, 
H-3 or H-5). 1.8-2.0 (m, lH, H-3 or H-5), 2.3-2.5 (m, lH, H-3 or H-5), 2.8-3.2 (m, 2H, H-6). 4.05-4.25 
(m, lH), 4.4-4.9 (m, 4H), 4.95-5.15 (m, 2H), 7.05-7.2 (m, lH, CH=CH2), 7.3-7.5 (m, 5H, Ph). Anal. Calcd 
for C17H19N4C104 : C, 53.76; H, 5.04, N, 14.73. Found : C, 53.70; H, 5.03; N, 14.62. 
(2R, 4R)-trans-4-Hydroxy pipecolic acid hydrochloride 23 
An emulsion of urethane 22 (190 mg, 0.48 mmol) in 6N HCl(5 ml) was refluxed for 2 h. The mixture was then 
cooled and extracted with ether (4 x 5 ml). The aqueous layer was concentrated under reduced pressure, and the 
residue was dried. Amino acid 23 was obtained as an amorphous solid (80 mg, 92 96): [aIn -2.7’ (c 1,6N 
HCl), lit.15 [a],20 +2.7 (c 1, 6N HCl) for ent-23; 1H NMR @O): 1.9-2.05 (m, 2H), 2.1-2.2 (m, H-I). 2.33 
(td, J = 3.8 and 14.8 Hz, lH), 3.35-3.5 (m, 2H), 4.2-4.4 (m, 2H). l3C NMR (D20. dioxane): 28.5, 32.7, 
39.7, 52.9, 67.4, 172.3; m/z 128 (M+-HCl), 100. 
(2R,4S)-4-MethyWhydroxypipecolic acid methyl ester hydrochloride 35 (General procedure) 
A suspension of urethane 30 (74 mg, 0.18 mmol) in a 6N MeOH solution of HCl(5 ml) was refluxed for 48h, 
and then concentrated under reduced pressure. The residue was dissolved in MeOH and the solution was 
concentrated under reduced pressure. This operation was repeated three times to remove the excess of HCLThe 
residue was then dissolved in water (5 ml), and the resulting solution was extracted with ether (3 x 5 ml). 
Concentration of the aqueous layer yielded a residue which was dissolved in HCl/MeOH (3 ml, 6N). This 
solution was again refluxed overnight. Final concentration of this solution and drying of the residue afforded 
compound 35: sticky solid (37 mg, 99%): [al, z” -24.7’ (c 1.8, MeOH ); lH NMR (D20): 1.41 (s, 3H. CH3), 





442 C. AGAM et al. 

1. 

2 

3 

4 

5 

6 
7 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

16. 
17. 

18. 

19. 
20. 
21. 
22. 

REFERENCES AND NOTES 

Meister, A. Biochemistry of the Amino Acids; Academic Press: New York, 1957; p.44. Wagner, I.; 
Musso, H. Angew. Chem. Int. Ed. Engl. 1983,22, 816. 
Omstein, P. L.; Schaus, J.M.; Chambers, J.W.; Huser, D.L.; Lear&r, J.D.; Wong, D.T.; Paschal,J.W.; 
Jones, N.D.; Deeter, J.B. J. Med. Chem. 1989.32, 827. Leeson, P.D.; Williams, B.J.; Baker, R.; 
Ladduwahetty, T.; Moore, K.W.; Rowley, M. J. Chem. Sot., Chem. Commun. 1990, 1578. 
For recent references, see: Angle, S.R.; Amaiz, D.O. Tetrahedron Len. 1989,30, 515. Hays, S.J.; 
Malone, T.C.; Johnson, G. J. Org. Chem. 1991,56, 4084. Esch, P.M.; De Boer, R.F.; Hiemstra, H.; 
Boska, I.M.; Speckamp. W.N. Tetrahedron, 1991,47,4063. 
From carbohydrates: Bashyal, B.P.; Chow, H.F.; Fleet,G.W.J. Tetrahedron Lett. 1986.27, 3205. 
Norbeck. D.W.; Kramer, J.B. Tetrahedron Lat. 1987.28, 773. 
From amino acids: Bailey, P.D.; Bryans, J.S. Tetrahedron Lett. 1988,29, 2231. Irie, K.; Aoe. K.; 
Tanaka, T.; Saito, S. J. Chem. Sot., Chem. Commun. 1985, 633. Hanson, G.J.; Russell, M.A. 
Tetrahedron Lett., 1989,30, 5751. Fuji& Y.; Irreverre, F.; Witkop, B.; J. Am. Chem. Sot. 1964.86, 
1844. Callens, R.E.A.; Anteunis, M.J.O.; Reyniers. F. Bull. Sot. Chim. Belg. 1982,91, 713. 
Preliminary communication: Agami, C.; Couty, F. Synlerr 1990,731. 
Overman, L.E.; Shim, J. J. Org. Chem. 1991,56, 5005. Overman, L.E.; Robertson, G.M.; Robichaud, 
A.J. J. Am. Chem. Sot. 1991,113, 2598. 
Cope, A-C!.; Burrows, W.D. J. Org. Chem. 1%5,30, 2163. 
Blumenkopf, T.A.; Overman, L.E. Chem. Rev. 1986,86, 857. 
Speckamp, W.N.; Hiemstra, H. Tetrahedron 1985,41,4367. 
Agami, C.; Couty, F.; Hamon, L.; Prince, B.; Puchot, C. Tetrahedron 1990,46, 7003. 
Agami, C.; Couty, F.; Prince, B.; Puchot, C. Tetrahedron 1991,47, 4343. 
Agami, C.; Couty, F.; Damn, J.C.; Prince, B.; Puchot, C. Tetrahedron Lett. 1998,31, 2889. 
Clark-Lewis, J.W.; Mortimer, P.I. J. Chem. Sot., 1961, 189. 
During acidic methanolysis, a transesterification occurred that converted the 4-acetoxy moiety into a 
hydroxy group. 
Tidwell, T.T. Organic Reactions, 1990,39, 297. 
Hollinshead, D.M; Howell, S.C.; Ley, S.V., Mahon, M.; Ratcliffe, N.M.; Worthington, P.A. J. Chem. 
Sot. Perkin I, 1983, 1579. 
Crystal data: C18I-I2302N, M = 285.38, monoclinic, space groupe P21, a= 8.045(3), b= 24.420(5), c= 
8.222(2) A, p = 109.84(3), V = 1519(15)A3, D, = 1.25 g.cm-3 for Z = 4 (asymmetric unit is made of 2 
independant molecules, only one being depicted in Fig. l).Data were collected at 20°C on a Nonius CAD4 
diffractometer. The structure was solved by use of SHELXS program 5G.M. Sheldrick, Program for 
Crystal Structure Solution, University of Gottingen. FRG, 1986) and refined by least squares using 
anisotropic thermal parameters for all non hydrogen atoms. H Atoms were put in the refinement in 
calculated positions and re-calculated after each refinement cycle. Of 2161 observed reflections, 1584 with 
I>l.So(I) were used to solve and refine the structure to R = 0.0497 and RW = 0.0493 (unit weights, 381 
least squares parameters). The programs used were CRYSTALS and ORTEP-2. Atomic coordinates, bond 
lenghts, angles and thermal parameters have been deposited at the Cambridge Crystallographic Data Centre. 
Grob, C.A.; Ostermayer, F.; Raudenbush, W. Helv. Chim. Acta 1962,45, 1672. 
Grob, C.A.; Hoegerle, R.M.; Ohta, M. Helv. Chim. Acta 1962,45, 1823. 
Jackson, A.C.; Goldman, B.E.; Snider, B.B. J. Org. Chem. 1984,49, 3988. 
Owing to the conformational exchange of the carbamate moiety, which is slow on NMR time scale, the 
lH NMR spectra of urethanes showed broadened signals and some of the l3C NMR resonances are split. 
Similar effects are described in: Williams, R.M.; Sinclair, P.J.; Zhai, D.; Chen. D. J. Am. Chem. Sot. 
1988, 110, 1547. 


