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Abstract

Cycloaddition of chiral nitroso derivatives with cyclohepta-1,3-diene gave one single stereocisomer with an
excellent selectivity. The structures including absolute configurations have been assigned by spectroscopy and
X-ray crystallography. These studies have been applied to the total synthesis of the naturally occurring calystegine
B,. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Nitroso compounds are known to behave as good dienophiles in hetero Diels—Alder cycloadditions
to furnish bicyclo-dihydroxazines.We have shown in a previous communication that the resulting
adducts are effective precursors of calystegines in their racemic form (Scheir@alystegines are
chiral polyhydroxylated nortropanic compounds, and the absolute configuration of natural calystegine
B, has been established adx(2S3R,4S,5R).2 Following our preliminary approach the chirality could
be introduced in several ways; one possibility is to introduce it during the Diels—Alder cycloaddition
involving a chiral nitroso compound. Among the numerous chiral precursors of nitroso compounds that
are most often used, we chose to test compounésand3.
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Scheme 1. Key step of calystegines synthesis

2. Results and discussion

Amino acid-derived hydroxamic acids were easily obtained through the transformation of the
corresponding commercially availabM-protected amino acid methyl esters. We studied the cyclo-
addition of a nitroso compound derived frarmalaniné on cyclohepta-1,3-diene chosen as the model
(Scheme 2). NMR studies (COSY and HETCOR) showed that the products obtained are a mixture of
two diastereoisomers (2:5) which could not be separated by chromatography. These results led us to
examine other nitroso compounds such as mandelic derivaivEse two enantiomeric methyl esters
are cheap and commercially available. The corresponding hydroxamic acids are easy to prepare. Several
author$ have studied this cycloaddition on cyclopentadiene and (or) cyclohexa-1,3-diene, and have
obtained interesting selectivity at low temperature with cyclohexadiene. These results have prompted
us to attempt the cycloaddition on our cyclohepta-1,3-diene model, under similar temperature conditions
(Scheme 3).
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Scheme 3. antC4Hg)4NI10,4, CH,Cl,:CH3zOH (3:1)

As exemplified in Table 1, the results obtained with cyclohepta-1,3-diene at —90°C, are very good
(entry 3, Table 1): the structure of compourGisand6b was determined by infra-red spectroscopy and
extensive NMR studies including COSY and HETCOR experiments. The infra-red spectra of compounds
6aand6b indicate the presence of a hydrogen bond between the hydroxyl and carbonyl functions of the
mandelic moiety. Concerning the minor isomer, tReNMR spectrum shows that the axial H-2 hydrogen
(H-2a) is strongly shielded®d€0.5 ppm) by the phenyl ring. These infra-red and NMR results allow us to
assign an unambiguous struct@tefor the minor isomer and according@a for the main product.

The cycloadduct$a and6b can be synthesised individually by an alternative route. A few years ago
Kresz€ described chiral nitroso Diels—Alder cycloadditions with chiral 1-chloro-1-nitroso substrates.
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Table 1
Variation of diastereoisomeric excess versus temperature

entry T °C de. %* yield %° time h
1 20 45 80 2
2 -50 62 40 2
3 -90 295 64 6

a: d.e. estimated by 400 MHz 'H NMR on the crude product ; b : compound 6b was not detected by
NMR ; ¢ : pure product after column chromatography.

The mannose derivativeé proved to be one of the most effective auxiliaries. This dienophile is equally
reactive with cyclic and acyclic dienes, affording adducts with very high enantiomeric excesses. Interest-
ingly, the ribose derivativ® permits the other enantiomer to be obtained under the same conditions
with the same enantiomeric excess. These chloronitroso compounds react smoothly with the cyclohepta-
1,3-diene (Scheme 4). The enantiomeric oxazinesl(-and (+)10 have been coupled withR}-
mandelic acid, in the presence NfN’-dicyclohexylcarbodiimide (DCC), according to the method used

by Defoin et aP?in the case of cyclohexadiene. The yields are good and the compounds are identical to
those obtained by cycloaddition with nitrosomandelic derivatives. X-Ray diffraction analysis of the two

compounds$aand6b is in good agreement with the above described results (Fig. 1).
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Scheme 4. a&-C,HyOCI; b: cyclohepta-1,3-diene, ethanol; B){mandelic acid, DCC

These good selectivities observed with cyclohepta-1,3-diene have encouraged us to carry out the same
reactions on the trisubstituted cycloheptadidrie precursor of calysteging,.2? With the mandelic
derivative we obtained a single cycloadduct, but the yield, as yet unoptimised, remains very poor (15%).
On the other hand, with sugar derivati¥éne reaction works better and the dihydrooxaZi2és obtained
readily (67%). To confirm the enantioselectivity of the reaction, the compa&@widas derivatised with
(9-mandelic acid, to give only one diastereoisori@rin good yield. This compound has the opposite
specific rotation to the compound (2B (Scheme 5). The crystal structure of (#3-has allowed us to
attribute the absolute configuration given in Fig. 2. To complete the synthesis of natural calyBtegine
the free dihydroxazind2 was protected as its benzylcarbamate derivative and the subsequent steps are

identical to those previously described for the racemic compound (Schethé 6).
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Scheme 5. &3, t-C4HgOCI; b: 2, (n-C4Hg)4NIO,4, CH,Cl,:CH3OH (3:1); ¢: §-mandelic acid, DCC

This synthesis of natural calystegiBe shows a significant improvement: 12 steps (instead 8¢ 17
and 2£3 and a satisfactory 13% overall yield. Furthermore, this scheme has the potential to be easily
generalised to several other calystegines sudlas

3. Experimental

NMR spectra were recorded in CDCIn Bruker WP 200 and AM 400 spectrometers. The chemical
shifts of 'H NMR signalsd are reported in ppm (TMS as internal standdrd). Coupling constant3
are reported in hertz. The abbreviations s, d, t, m and br signify: singlet, doublet, triplet, multiplet and
broad, respectively:3C NMR spectra were recorded on the same instruméf@sNMR chemical shifts
are expressed in ppm, reported from the central peak of deuterochloroform (77.1 ppm). The numbering
sequence used for reporting NMR parameters is the same as that used for calystegines as indicated in
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12

Scheme 6. a: §HsCH,OCOCI, CHCI,, ag. NaCO;s; b: Mo(CO), CH;CN:H,O (9:1); c: PCC, CHCIy; d: HF, HbO:CH;CN
(9:1); e: K, Pd/C 10%, CHOH, 4 days

Scheme 3 for the compour@b. IR spectra were recorded on a Perkin—Elmer FT 1600 instrument and
are reported in terms of frequency of absorption ¢m ™). Low resolution mass spectra (MS) were
recorded on a Hewlett—Packard HP 5989B spectrometer under chemical ionisatignodiditions.
High resolution mass spectra (HRMS) were recorded on a ZAB HFQ VG apparatus. Optical rotations
were measured on a Perkin—Elmer 241 polarimeter in a 1 dm cell. Melting points were determined on a
Bichi 510 apparatus and are uncorrected.

All reactions were carried out under an inert atmosphere. Dry solvents were freshly distilled before
use. Methanol was distilled from magnesium methoxide. Dichloromethane was distilled f@m P

All reactions were monitored by thin layer chromatrography carried out on Merck silica gel plates
(Ref. 5549) using 5% ethanolic phosphomolybdic acid/heat as developing agent. Merck silica gel (Ref.
9385) was used for flash chromatography.

D-(+)-Mannose and-(-)-ribose were purchased from Lancast&)- (and §-mandelic acid from
Acros, cyclohepta-1,3-diene from Fluka ahd(t-butoxycarbonyl)t-alanine methyl ester from Al-
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drich. N-(t-Butoxycarbonyl)t-alanineN-hydroxyamide4 was prepared according to the literatfire.
Colourless crystals. Mp 97°Cx|]p=+23 (€c=1.0, methanol). (RB)-2-Hydroxy-2-phenylacetohydroxamic
acid 2 was prepared according to the literatBfeMip 136°C (mp 155°C2 137-139°C°); [x]p=—44
(c=0.5, methanol) (]p=-48 (=0.6, methanolf? [x]p=-63 (=1.6, water)). N-Hydroxy-2,3:5,6-
di-O-isopropylidenes-mannonimido-1,4-lacton& was prepared according to the literatér® N-
Hydroxy-2,30-isopropylidene-59-trityl- b-ribonimido-1,4-lactone8 was prepared according to the
literature’~° (5R,6S,75)-5, 7-Dibenzyloxy-6-[{-butyldimethylsilyl)oxy]cyclohepta-1,3-dien2 was pre-
pared according to the literatufg.

3.1. Mixture of (R,55)- and (1S,5R)-3-[N-(t-butoxycarbonyl)=-alanyl]-9-oxa-8-azabicyclo[3.2.2]-
non-6-eneb

A solution of4 (2.5 mmol, 0.5 g) in methanol (25 mL) was added to a mixture of tetrabutylammonium
periodate (2.5 mmol, 1.1 g), cyclohepta-1,3-diene (12.4 mmol, 1.33 mL) and methanol (25 mL), cooled
to 0°C in an ice-water bath. A yellow colour began to appear quickly. Then sodium metabisulfite (0.5
M, 15 mL) was added. After the colour had disappeared, sodium carbonate (0.5 M, 50 mL) was added.
The mixture was extracted with dichloromethane, dried (Mg&@d concentrated to give a brown solid.
This was then purified by flash chromatography (ethyl acetate:cyclohexane, 30:70) %0 gielel: 0.62
g (85%).'H NMR (400 MHz): major isomer: 6.35 (ddJ)(H-7, H-6)=6.1 Hz3J(H-7, H-1)=8.9 Hz, 1H:

H-7), 6.20 (dd2J(H-6, H-7)=6.2 Hz3J(H-6, H-5)=9.25 Hz, 1H: H-6), 5.43 (s, 1H: NH), 5.16 (m, 1H:
H-5), 4.74 (m, 1H: H-1), 4.68 (m, 1H: H-R 1.9-1.4 (m, 6H: H-2, H-3, H-4), 1.24 (4)=6.8 Hz, 3H: H-
3'), 1.43 (s, 9H: C(€13)3); minor isomer: 6.28 (m, 1H: H-7), 6.25 (m, 1H: H-6), 5.43 (s, 1H: NH), 5.24
(m, 1H: H-5), 4.74 (m, 1H: H-1), 4.68 (m, 1H: H2 1.9-1.4 (m, 6H: H-2, H-3, H-4), 1.33 (4)=6.8
Hz, 3H: H-3), 1.43 (s, 9H: C(El3)3); 13C NMR (100 MHz): major isomer: 168.6 (C1 156.0 (G=O
carbamate), 130.2, 126.7 (C-6, C-7), 79C¥¢Hs)3), 77.0 (C-1), 51.1 (C-5), 47.3 (C-R 30.0-28.5 (C-

2, C-3, C-4), 29.1 (QTH3)3), 18.6 (C-3); minor isomer: 168.6 (C-), 156.0 (G=0O carbamate), 129.3,
127.5 (C-6, C-7), 79.3G(CHz3)3), 77.0 (C-1), 50.4 (C-5), 47.2 (C-R 30.0-28.5 (C-2, C-3, C-4), 29.1
(C(CH3)3), 18.6 (C-3).

3.2. General procedure for the Diels—Alder cycloaddition with cyclohepta-1,3-dienes

To a stirred solution of tetrabutylammonium periodate (1 mmol) and cyclohepta-1,3-diene (1.5 mmol)
in dichloromethane (25 mL), hydroxamic acid (1 mmol) in a mixture of methanol (12.5 mL) and
dichloromethane (12.5 mL) was added dropwise. After several hours, sodium sulfite (0.5 M, 10 mL)
was added, until the solution turned colourless. Finally, the mixture was treated with sodium carbonate
(1 M, 25 mL). The aqueous phase was extracted several times with dichloromethane, and the combined
organic layers were dried (MgS{Pand evaporated.

3.3. (1S,5R)-8-[(2R)-2-Hydroxy-2-phenylacetyl]-9-oxa-8-azabicyclo[3.2.2]non-6-6ae

The title compound was prepared at —90°C from cyclohepta-1,3-diene (1.5 mmol, 0.163 mL), tetra-
butylammonium periodate (1 mmol, 0.43 g) in dichloromethane (25 mL), and a solution of hydroxamic
acid2 (1 mmol, 0.17 g) in a mixture of methanol (12.5 mL) and dichloromethane (12.5 mL). The crude
product was purified by flash chromatography (ethyl acetate:cyclohexane, 40:60) 6a gweolourless
crystals. Yield: 0.21 g (64%). Mp 151°C (sublimation}}]p=-43 (=0.65, methanol)!H NMR (400
MHz): 7.32—7.24 (m, 5H: Ph), 6.14 (dd®J(H-6, H-5)=8.0 Hz3J(H-6, H-7)=7.1 Hz,*J(H-6, H-1)=1.0
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Hz, 1H: H-6), 5.94 (ddd3J(H-7, H-6)=7.1 Hz,3J(H-7, H-1)=6.1 Hz,*J(H-7, H-5)=1.1 Hz, 1H: H-7),
5.37 (d,%J=6.9 Hz, 1H: H-2), 5.17 (m, 1H: H-4), 4.47 (m, 1H: H-1), 4.35 (8)=6.9 Hz, 1H: OH),
1.85-1.72 (m, 4H: H-2, H-4), 1.56, 1.38 (m, 2H: H-3a, H-3¥C NMR (100 MHz): 169.0 (€0),
139.2,128.2, 127.8, 127.5 (Ph), 128.9 (C-7), 127.2 (C-6), 76.6 (C-1), 71.3 (6220 (C-5), 29.9, 27.9
(C-2, C-4), 18.4 (C-3); IR-max: 3425 (OH), 3058 (HE), 1641 (G=0), 1621 (G=C), 736 (HG=), 710
(CeHs); HRMS: caled for GsH17NOs3: 259.1208; found: 259.1207.

3.4. (1S,5R)-9-Oxa-8-azabicyclo[3.2.2]non-6-ene, hydrochloride ()-

A solution of t-C4HgOCI (1 mmol, 0.108 g) in dichloromethane (2.5 mL) was added dropwise at
—10°C in the dark to a stirred solution NFhydroxy-2,30-isopropylidene-59-trityl- D-ribonimido-1,4-
lactone8 (1 mmol) in dichloromethane (5 mL). The mixture was stirred for an additional hour at —-10°C to
obtain cruder in solution. Then cyclohepta-1,3-diene (4 mmol, 0.43 mL) in ethanol (4 mL) was directly
added. When the blue colour had disappeared, extraction with water (3 mL), then with hydrochloric
acid (0.05 M, 1 mL), gave crude (9after evaporation of the combined aqueous layers. A sample was
purified according to the literatuf€.Mp 149°C; [x]p=-24 (c=1.1, water);'H NMR (400 MHz): 6.42
(ddd, 3J(H-7, H-6)=7.7 Hz,2J(H-7, H-1)=6.4 Hz,*)(H-7, H-5)=1.1 Hz, 1H: H-7), 6.29 (dd&J(H-6,
H-7)=7.7 Hz,3J(H-6, H-5)=6.9 Hz,*J(H-6, H-1)=0.7 Hz, 1H: H-6), 4.81 (m, 1H: H-1), 4.44 (m, 1H:
H-5), 2.09, 2.00 (m, 2H: H-4a, H-4e), 1.88 (m, 2H: H-2), 1.54 (m, 1H: H-3e), 1.30 (m, 1H: H32);
NMR (100 MHz): 130.8 (C-7), 125.1 (C-6), 77.5 (C-1), 54.0 (C-5), 30.6 (C-2), 26.1 (C-4), 17.8 (C-
3); IR v-max: 3010-2400 (Nkt), 1050 (C-0), 714 (HE); MS: m/z(%): 126 (100) [MH], 143 (90)
[M+NH 4*]. Anal. calcd for GH12NOCI: C, 52.02; H, 7.48; N, 8.67; found: C, 52.14; H, 7.27; N, 8.4

3.5. (IR,59)-9-Oxa-3-azabicyclo[3.2.2]non-6-ene, hydrochloride ()-

This compound was synthesised according to the procedure, and on the same scale used for the
compound (-)0, with N-hydroxy-2,3:5,6-di©-isopropylidenes-mannonimido-1,4-lactond and was
purified as above. Yield: 81%. Mp 149°CGx]p=+24 (c=1.0, water).

3.6. (IR,59)-8-[(2R)-2-Hydroxy-2-phenylacetyl]-9-oxa-8-azabicyclo[3.2.2]non-6-6be

To a stirred solution of (+}0 (1 mmol, 0.16 g) in dry ethanol (3.5 mL) were added sequenti&)y (
mandelic acid (1 mmol, 0.15 g), triethylamine (1 mmol, 0.14 mL) and a solution of DCC (1 mmol, 0.21
g) in anhydrous chloroform (3.5 mL). After 24 h, at room temperature, the solid was filtered and washed
with chloroform. The filtrate was diluted with tetrahydrofuran, DCU was filtered again, the residue was
evaporated and the crude compoutdpurified by recrystallisation (ether:dichloromethane, 1:4) to give
6b as colourless crystals. Yield: 0.21 g (81%). Mp 71-72°€]pF-114 €=0.5, methanol)*H NMR
(400 MHz): 7.40-7.27 (m, 5H: Ph), 6.34 (ddd(H-7, H-1)=9.1 Hz 2J(H-7, H-6)=6.1 Hz,*J(H-7, H-
5)=1.1 Hz, 1H: H-7), 6.16 (dd?J(H-6, H-5)=7.1 Hz 3J(H-6, H-7)=6.1 Hz,*J(H-6, H-1)=1.2 Hz, 1H:

H-5), 5.29 (d,%J=6.5 Hz, 1H: H-2), 5.20 (m, 1H: H-5), 4.50 (m, 1H: H-1), 4.46 (4)=6.5 Hz, 1H:
OH), 1.68, 1.59 (m, 1H: H-4a, H-4e), 1.48 (m, 1H: H-2e), 1.24 (m, 2H: H-3), 0.56 (m, 1H: H-2%(;
NMR (100 MHz): 167.3 (G0), 129.8, 128.3, 128.0, 127.7 (Ph), 130.4 (C-7), 125.5 (C-6), 76.7 (C-1),
71.3 (C-1), 51.2 (C-5), 28.6 (C-4), 27.4 (C-2), 18.0 (C-3); IRmax: 3351 (OH), 3065 (HE), 1643
(C=0), 1626 (G=C), 704 (GHs); MS: m/z(%): 260 (100) [MH], 277 (50) [M+NH,*]. Anal. calcd for
C15H17NO3: C, 69.47; H, 6.61; N, 5.40; found: C, 69.26; H, 7.03; N, 5.67.
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3.7. (1S,2R,3R,4S,5R)-2,4-Dibenzyloxy-3-ftbutyldimethylsilyl)oxy]-9-oxa-8-azabicyclo-[3.2.2]-non-
6-enel2

This compound was synthesised according to the same procedure and on the same scale used for the
compound (+)20. Yield: 67%; mp 96°C; &]p=+9.6 =1, CHCE); 'H NMR (400 MHz): 7.40-7.28
(10H: Ph), 6.58 (dd3J(H-7, H-6)=8.7 Hz 3J(H-7, H-1)=7.2 Hz, 1H: H-7), 6.24 (dddJ(H-6, H-7)=8.7
Hz, 3J(H-6, H-5)=6.6 Hz,*J(H-6, H-1)=1.4 Hz, 1H: H-6), 4.74-4.61 (m, 4H: H;1H-1""), 4.46 (dd,
3J(H-1, H-7)=7.2 Hz3J(H-1, H-6)=1.4 Hz, 1H: H-1), 3.67 (M, 2H: H-5, H-3), 3.44 (m, 2H: H-2, H-3),
0.89 (s, 9H: (®13)3CSi), 0.02, 0.01 (s, 3H: (CH3),Si); 13C NMR (100 MHz):135.5 (C quat. Ph),
132.0 (C-7), 128.3, 127.5, 126.9 (Ph), 126.4 (C-6), 84.7 (C-2), 82.8 (C-4), 75.9 (C-3), 72.9, 70,3 (C-1
C-17), 72.3 (C-1), 55.6 (C-5), 26.0@H3)3CSi), 18.1 ((CH)3CSi), —4.1, -4.2 ((CH)2Si); IR v-max:
3211 (NH), 1244 (C-Si), 1105, 1071 (C-0), 870 (C-Si); M8z (%): 468 [MH'], 454.

3.8. (1S,2R,3R,4S,5R)-2,4-Dibenzyloxy-8-benzyloxycarbonyl-3-putyldimethylsilyl)oxy]-9-oxa-
8-azabicyclo[3.2.2]non-6-ene (¥)3

This compound was synthesised according to the same procedure and on the same scale used for the
compound (+)10. Yield: 85%; [x]p=+62.3 £=0.22, CHC}).

3.9. (IR,2S,3S,4R,55)-2,4-Dibenzyloxy-8-benzyloxycarbonyl-3Hutyldimethylsilyl)oxy]-9-oxa-
8-azabicyclo[3.2.2]non-6-ene ()4

This compound was synthesised according to the same procedure and on the same scale used for the
compoundéa. Yield: 15%; [x]p=-62 (=0.65, CHC}); *H NMR (400 MHz): 7.35-7.27 (m, 15H: Ph),
6.23 (t,3J(H-6, H-7)=J(H-6, H-5)=7.8 Hz, 1H: H-6), 6.36 (ddJ(H-7, H-6)=7.8 Hz2J(H-7, H-1)=6.0
Hz, 1H: H-7), 5.31 (d3J(H-2""", OH)=7.4 Hz, 1H: H-2"), 5.24 (d 2J(H-5, H-6)=7.8 Hz, 1H: H-5), 4.79,
4.72 (d,2J=11.9 Hz, Z1H: H1 or H-1"), 4.76, 4.57 (d2J=11.7 Hz, 21H: H1' or H-1""), 4.34-4.30
(m, 2H: H-2, H-4), 4.20 (d3J(H-1, H-7)=6.0 Hz, 1H: H-1), 4.18 (FJ(OH, H-2'")=7.4 Hz, 1H: OH),
3.50 (m, 1H: H-3), 0.88 (s, 9H: (&€3)3CSi), 0.08, 0.00 (s, 1H: (CH3),Si); *3C NMR (100 MHz):
165.9 (G=0), 138, 136 (C quat. Ph), 130.9 (C-6), 128.8-127.5 (Ph), 127.3 (C-7), 82.4 (C-2), 81.4 (C-
4), 75.8 (C-3), 75.4 (C-1), 73.3, 71.3 (C;LC-1"), 72.3 (C-2""), 52.4 (C-5), 25.3 CH3)3CSi), 16.7
((CH3)3CSi), —5.8 ((CH)2Si); MS:m/z(%): 603 (M""), 585, 494, 403.

3.10. (15,2R,3R,4S,5R)-2,4-Dibenzyloxy-5-benzyloxycarbonylaminot2j(tyldimethylsilyl)oxy]-
cyclohept-6-en-1-015

This compound was synthesised according to the same procedure and on the same scale used for the
racemic compounéP Yield: 91%; [x]p=-23.7 €=0.53, CHC}).

3.11. (&B,3R,4S,5R)-2,4-Dibenzyloxy-5-benzyloxycarbonylamino-8H(tyldimethylsilyl)oxy]-
cyclohept-6-en-1-on&6

This compound was synthesised according to the same procedure and on the same scale used for the
racemic compoundP Yield: 76%; [x]p=-98.5 €=0.25, CHC}).
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Table 2
Crystallographic data fdda, 6b and (+)12

Compound 6a 6b (+)12
formula C15H]7NO3 C15H17NO3 C27H37SiNO4
M; 259.31 259.31 467.69
dimensions(mm) 0.34x0.34x0.34 0.22x0.30x0.30 0.30x0.30x0.34
crystal system orthorhombic monoclinic quadratic
space group P21212 P2 P4

a(d) 8.454(1) 8.967(2) 14.692(2)
b(A) 10.930(1) 13.031(2)

c(A) 27.891(4) 11.485(2) 12.413(1)
B 102.60(1)

V(&Y 2577.22(91) 1309.70(79) 2679.20(76)
z 4 4 4

p(g em™) 1.337 1.315 1.159
w(mm™) 0.9 0.9 10.0
F(000) 1104 552 1008
radiation Mo Ka Mo Ka Cu Ka
MA) 0.71073 0.71073 1.54184
26,.,(%) 60.0 60.0 120.0

h -11t0 0 -12t00 Oto 15

k -15t0 0 -18t0 0 Oto 16

1 -390 0 -15t0 16 Oto 13
data measured 4239 4200 2054

data observed for(F>36F?) 2237 3078 2047
refinement on F F F

no. of parameters 479 479 446

R 0.041 0.032 0.032

Ry 0.054 0.043 0.050
Flack parameter 0.03

N 1.04 1.03 1.27
max/min peaks (e/A%) 0.24(4) /-0.11(4) 0.19(3) /-0.11(3) 0.12(3) / 0.20(3)

3.12. (&,3R,4S,5R)-2,4-Dibenzyloxy-5-benzyloxycarbonylamino-3-hydroxycyclohept-6-en-1/ne

This compound was synthesised according to the same procedure and on the same scale used for the
racemic compoundP Yield: 85%; [x]p=—104.4 ¢=0.51, CHC}).

3.13. (+)-Calystegine B

This compound was synthesised according to the same procedure as in the lifrature.

3.14. X-Ray structure determination 6a, 6b and (+)-12

Crystals suitable for X-ray diffraction were obtained from methanolic solutions of the compounds.
Data were collected at 123.5 K on an Enraf Nonius CAD4 diffractometer. The crystal structures
were solved and refined using the Enraf Nonius MOLEN package. Positional and isotropic temperature
factors were refined for all hydrogen atoms in the final stages of least-squares analysis. Crystal data are
assembled in Table 2.



2174 T. Faitg et al./ TetrahedronAsymmetry10 (1999) 2165-2174

Acknowledgements

One of us (T.F.) thanks the Ministére de I'Education Nationale et de la Technologie for a doctoral
fellowship.

References

1. Boger, D. L.; Weinreb, S. Mdetero-Diels—Alder Methodology in Organic Synthegisademic Press: San Diego, 1987.
Waldmann, HSynthesid994 535-551. Streith, J.; Defoin, Aynthesid4994 1107-1117.

2. (a) Soulié, J.; Betzer, J.-F.; Muller, B.; Lallemand, JF¥trahedron Lett1995 36, 9485-9488. (b) Soulié, J.; Faitg, T.;
Betzer, J.-F.; Lallemand, J.-Yetrahedronl996 52, 15137-15146.

3. (a) Duclos, O.; Mondange, M.; Duréault, A.; Depezay, JF&rahedron Lett1992 33, 8061-8064. (b) Boyer, F.-D.;
Lallemand, J.-YTetrahedronl994 50, 10443-10458.

4. Ritter, A. R.; Miller, M. J.J. Org. Chem1994 59, 4602—-4611. Vogt, P. F.; Miller, M. Jetrahedronl998 54, 1317-1348.
5. (a) Defoin, A.; Brouillard-Pochet, A.; Streith, Blelv. Chim. Actal992 75, 109-123. Defoin, A.; Pires, J.; Tissot, |.;
Tschamber, T.; Bur, D.; Zhender, M.; Streith, Tetrahedron: Asymmetr$991, 2, 1209-1221. (b) Miller, A.; McC.
Paterson, T.; Procter, Gynlett1989 32—-34. Miller, A.; Procter, GTetrahedron Lett199Q 31, 1043-1046. (c) Kirby, G.

W.; Nazeer, M.J. Chem. Soc., Perkin Trans1993 1397-1402.
6. Braun, H.; Charles, R.; Kresze, G.; Sabuni, M.; WinkleLidbigs Ann. Cheml987 1129-1130. Braun, H.; Felber, H.;
Kresze, G.; Schmidtchen, F. P.; Prewo, R.; Vasella, A.idbigs Ann. Cheirl993 261-268.
. Vasella, A. THelv. Chim. Actdl977, 60, 426—-446.
. Aebischer, B. M.; Hanssen, H. W.; Vasella, AJTChem. Soc., Perkin Trans1982 2139-2147.
. Schmidt, O. TMethods Carbohydrate Cheypscademic Press, 1963; Vol. 3, p. 318.
10. Vasella, A. THelv. Chim. Actdl977, 60, 1273—-1295.

© 0~



