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Abstract: CyClOaddiiiOﬁa of 3,4'iSGpl’prHdeﬁediGXy-l_\l-p_yuuuuc~} -oxide (9), (3S 45)-3.4- bm(uxcthu)\y‘
methoxy)-A]-pyrroline-N-oxide (28), and its (3R, 4R)-enantiomer, with suitably-functionalized alkenes has
led to the synthesis of the 1,2,6-trihydroxypyrrolizidines 14, 33 and en#33, and the 1.2,7-
trihydroxyindolizidines 22, 39 and enst39. Deoxygenation of two enantiomeric intermediates in these

avmth A ¢~ th +- £ th oy _
ntheses led to the preparation of the dihydroxylated indolizidine (+)-lentiginosine and its (-)-enantiomer.

© 1998 Elsevier Science Ltd. All rights reserved.
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S 6-0-but vl ester ( MDL 28574) and the ntlmetastanc effec of swainsonine. 4 The
mtercst in buch 1nd011z1dmes also extends to related pyrrolizidines such as australine (3), which has been shown
to display antiviral activity, including against HIV, as do two of its stereoisomers.>
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The biological activity of such indolizidi__es and pyrrolizidines has led to much synthetic effort, directed
bath at the naturally-occurring compounds as 1,2 and 3, and at stercoisomers and analogues.® The
majority of synthetic work in this area has 1nvolved the manipulation of derivatives of hexose or pentose
sugars, by sequences involving appropriate chain extensions and intramolecular cyclizations. In this paper we
report some of our studies on the use of 1,3-dipolar cycloadditions of suitably-functionalized cyclic nitrones in
order to gain access to trihydroxylated pyrrolizidines and indolizidines related to swainsonine (1);7-8 we also
describe the use of intermediates in our work to gain access to the dihydroxylated indolizidine alkaloid (+)-
lentiginosine (4), a potent amyloglucosidase inhibitor, and its enantiomer.
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The approach we wished to adopt is indicated in outline in Scheme 1 below, and has similarity with routes
reported earlier for the synthesis of simpler pyrrolizidine and indolizidine alkaloids.® Thus, 1,3-dipolar
cycloaddition of a suitably functionalized cyclic nitrone with a terminal alkene which has a potential leaving
group at the other end of the carbon chain, should give a fused isoxazolidine. Reductive cleavage of the N-O
bond should then give the potential for cyclization to a pyrrolizidine, indolizidine or quinolizidine. Clearly, it
is necessary to have effective stereocontrol in the cycloaddition if one isomer of the final product is to be
obtained in good yield.
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Scheme i

Qur first implementation of this generalized approach is indicated in Scheme 2. 2,3-O-Isopropylidene-
erythritol (5) was prepared from 3,4-O-isopropylidene-D- or -L-arabinopyranose!0 by treatment with periodate
followed by sodium carbonate (to give 2,3-O-isopropylidene-D- or -L-erythrose),!! and subsequent reduction
with borohydride. The diol § was converted to the crystalline dimesylate 6 (84%), and treatment of this with
benzylamine gave the pyrrolidine 7 in 88% yield. Hydrogenolysis over Pearlman's catalyst!? gave the
secondary amine 8, which was directly treated with 2 equivalents of 2-(phenylsulfonyl)-3-phenyloxaziridine
(Davis' reagent)!3 to give the racemic nitrone 9 as a crystalline solid (77%).14 When this nitrone was heated
with allyl z-butyldiphenylsilyl ether under reflux in toluene, a single cycloadduct was obtained in high yield.

The IH-NMR spectrum of this material was well I'CSOIVC(I and confirmed the indicated reglocnem1sn'y for the

P Tin om ot

CU Udbt:(.l on lV UD cchumcmb 111 pal llbuldl,

reaction, The stereostructure 10 could be Llnammguuubl'y‘ assi
interactions were observed between H-3y and both H-4 and H-

H-64; H-3g showed interactions with H-3a and with the mcmylene group of thp —Lugoludms subst:tuent
The adduct 10 ‘hl..s arises from a cycloaddition which has occurred on the more sterically-accessible face of the
nitrone, via an exo-transition state. The regiochemistry, and the dominance of the exo-mode of cycloaddition,

accords w1th previous findings for cycloadditions of similar non-functionalized cyclic nitrones with
monosubstituted alkenes where the substituent is an alkyl group,® although in reactions with electron-deficient
alkenes, endo-products can become dominant.!>

Desilylation of the cycloadduct 10 gave alcohol 11, convertible into its mesylate 12, both reactions
proceeding in high yield. When 11 was subjected to hydrogenation over palladium-on-carbon (5%), the
pyrrolizidine 13 was isolable in 83% yield. Deprotection with TFA gave the trihydroxylated pyrrolizidine 14,
isolated as its trifluoroacetate salt (74%).

AlaAn Lo

The cycloadduct 10 could also be used as precursor of a hydroxylated pyrrolidine, carryi 1g an
additionally-hydroxylated side-chain adjacent to the nitrogen; such pyrrolidines, and related piperidines,
alse well known to display inhibitory activity against glycosidases.! Thus, direct hydrogenation of the
isoxazolidine 10 gave the pyrrolidine 15 in 83% yield, and treatment of this wrth acid caused hydrolysis of

both protecting groups to give 1,4,5-trideoxy-1,4-imino-D.L-talo-heptitol as its crystalline hydrochloride 12.
The D-enantiomer of this compound can be regarded as an extended version of the a-mannosidase inhibitor
1,4-dideoxy-1,4-imino-D-talitol.16
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Scheme 2. i, MsCl, Et3N, CHaClp; i1, PACHaNH3, 65 ©°C, 48h; i1, Hp, PA(OH),/C, MeOH; iv, 2-(phenylsulfonyl)-3-phenyl-

oxaziridine (2 eq.), CHCl3; v, CHp=CH-CHOThbdps, toluene, refiux; vi, TBAF, THF; vii, MsCli, pyridine, CH2Clip; wiii, n2 Pd/C,
FtOH: ix, TFA- I—hﬂ rrv:mllnp from Ft(')H/FhO x, TFA- H-n() (‘rvemllnp from FtOH/HCI.
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This approach could be extended to the bynthe31 f elated 1nd01121dme (Schem 3). When the
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supported by the observation of NOE interactions between H-2, H 4 and H-64 on
molecule. The cycloadduct could be desilylated almost quantitatively to give the alcohol 18. On treatment
with mesyl chloride, the formation of a mesylate 19 could be observed by TLC, but attempts to isolate this
were unsuccessful, due to to intramolecular cyclization to the salt 20, a phenomenon that has been observed
previously in similar cases.!? However, direct hydrogenation of 19 gave the indolizidine 21 in 76% yield from
alcohol 18. Removal of the isopropylidene group by acid hydrolysis then gave the trihydroxylated indolizidine
22, isolated as its crystalline hydrochloride (76%).18 The IH-NMR of 22 (200 MHz, D>0) showed many
broadened signals at room temperature, presumably due to the fluxional nature of the compound, but was sharp
when recorded at 60 °C.
Although nitrone 9, produced as indicated above in Scheme 2, is racemic, we have, since o
1 > d
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Scheme 3. i, toluene, reflux; ii, TBAF, THF; iii, MsCl, pyridine; iv, Hp, Pd/C, EtOH (76% from 18); v, TFA-H>0 (1:1),
crystallize from EtOH/HCI-Et20.

which could be reduced to the diol 24.20 Addition of this material in CHyCly containing Et3N to mesyl
chloride in CH»Cly gave dimesylate 25 (84%), and this was converted as indicated into the pyrrolidine 27.2!
Oxidation of this with Davis' reagent gave the nitrone 28,21,22 which was not isolated but treated directly with
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Scheme 4. i, LiAlHy, THF; ii, MsCl, EtzN, CHCly; iii, PACH2NH3, 60 °C; iv, Hz, PA(OH)2/C, MeOH (ref. 20); v, 2-(phenyl-
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yield. Deprotection with acid then gave the trihydroxylated pyrrolizidine 33, solated as its hvdrochlorlde
The use of diethyl D-tartrate as starting material led to the synthesis of the enantiomer of 33 (en#-33), as
indicated in Scheme 5. Thus, diethyl D-tartrate was converted to the (R,R)-pyrrolidine ent-27 by the route
indicated above for the preparation of the enantiomer. In this case we used oxidation by catalytic SeO; in the
presence of Hy0,21-23 to prepare the nitrone ent-28, which was then isolated in 53% yield after
chromatography. The nitrone could be stored in a freezer for some days without appreciable decomposition,
but was of lower stability than the bicyclic cis-compound 9. Reaction of ent-28 with allyl #-butyldiphenylsilyl

ether in toluene at reflux led to the isolation of the cycloadduct enr-29 in 47% yield, but in this case a small

amount (2.5%) of another isomer was also obtained after chromatography. The 'H-NMR spectrum of this was
well rcsc‘xved "1d correut‘i‘v“it‘ic":i could be egtab}iﬁhed by COSY c;sp"r—rents NOE data are fully in

both H-2 and H-3,

whilst H-2 also mterac.cd with H-éu On the convex face of the compound, H- 35 ) trongly with both
-3a and the side-chain CHj group, whilst irradiation of H-4 showed enhancements of both H-3a and H-6g

This minor cycloadduct therefore also arises from the alternative exo- transition state, with reaction occurring
on the si-face of the nitrone, cis- to the substituent at C-3.

The conversion of the major cycloadduct ent-29 into the trihydroxylated indolizidine ent-33 was carried
out (Scheme 5) in the same way as indicated earlier in Scheme 4 for the enantiomer.
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Scheme 5. i, SeO; (cat.), H2O3, acetone; i, toluene, reflux.

For the preparation of an indolizidine from nitrone 28, we adopted a slightly different approach in order
to avoid the probiems of salt formation from an intermediate mesyiate as alluded to above in Scheme 3.
Therefore 28 was allowed to rcact with chmyl bui-3-enoate (35) (8] 5lvc the \.ywuauuuc't 36 \ocheme u; The
stereostructure of this cycloadduct again followed from NOE data, with interactions being evident on the exo-

face of the molecule between H-3a and both H-5 and H-3g and hetween H-3p and the methylene group of the
side-chain, whilst on the endo-face interactions were found between H-64, H- 2 and H-4, and between H-4 and
H-3g. Reductive cleavage of the N-O bond in 36 using zinc in acetic acid was accompanied by cyclization to
give the lactam 37 in 83% yield. Reduction of this with borane-methylsulfide gave the indolizidine 38 (95%),

which could be deprotected to give 39, isolated as its crystalline hydrochloride.
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Scheme 6. i, toluene, reflux; ii, Zn, HOACc, '; iii, BH3.Me»S, then EtOH, reflux; iv, HCI (6M), then EtOH/HCI-Et;0
Recently, an alternative synthesis of 39 and its C-7 epimer has been reported, involving cycloaddition of
the bis(Tbdms) analogue of 28 with methylene cyclopropane, and subsequent thermal rearrangement.22b
Use of the enantiomeric nitrone ent-28 was also carried out, leading with comparable yields to the
enantiomeric trihydroxylated indolizidine ent-39 (Scheme 7).
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The intermediates 38 and en#-38 in the above sequences, with the 8-hydroxy function unprotected,
opened the way to the synthesis of the 1,2-dihydroxyindolizidine (+)-lentiginosine (4), and its enantiomer, by
deoxveenation
...... genation.

The indolizidine alkaloid lentiginosine, isolated from the leaves of Astragalus lentiginosus, was found
to be a good, selective inhibitor of amyloglucosidase, despite being only dihydroxylated. The structure of
lentiginosine was determined by NMR, and its absolute configuration was proposed as being (15,25,8aS) (as in
4) on the basis of a reasonable theory concerning its biosynthesis. The material as isolated was weakly
laevorotatory ([ot]p -3.3 in MeOH).24 However, various syntheses25 of all-S-lentiginosine (4) led to samples
which had small positive rotations, which led to speculation that the natural product was in fact the all-R-
isomer, ent-4. The situation has been recently resolved, however, by the synthesis of both enantiomers of
lentiginosine (with the ali-S-isomer showing [&jp +3.2, and the ali-R-compound giving [0]p -1.6, both in
MeOH), and the demonstration that the all-S-compound (4) was an amyloglucosidase inhibitor -
somewhat in excess of that reported for the natural product, whereas enr-4 was considerably les

11y renorted for natural lentiginosine was

TCPULLVAL 1UL LiGuwi Gl LSV SIaT YW AS p iG] LEiv) i< Pl

are visible in the published !H-NMR spectrum.24
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The same sequence of events was also carried out from the enantiomer en¢-38, leading to (-)-

lentiginosine (en#-4), which displayed {aip -3.05 in MeOH. Our results provide additional confirmation that
mmdisemmd Vot st i b L AT ONC QL0 a et e £ A
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/S~ ~~~ |
< — <
Mom®© \,—’}!‘T\/l HO N— J‘|‘I\/| I
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|
The novel olizidines, indolizidines and pyrrolidines prepared in this work were tested against HIV-
1B in C8166 cells, but all proved to be inactive.
EXPERIMENTAL

NMR spectra were recorded on Bruker WP 200 SY and WH 400 spectrometers. !H-Spectra were obtained at
200 MHz, and 13C-spectra at 50 MHz, and in CDC13 as solvent, unless otherwise stated. Coupling constants
(J) are measured in Hz. Mass spectrometry was performed using V.G. updated MS 9 and V.G. ZABE high
resolution EI/FAB instruments. Specific rotations were measured at room temperature using a Bendix-NPL
143D automatic polarimeter (path length 1 cm); units for [a]p values are 10-! deg cm? g-!. Melting points
were determined using an Electrothermal MK II melting point apparatus and are uncorrected.

Column chromatography was carried out using Kieselgel H type 60 (Merck), an external pressure being applied
to the top of columns. Organic extracts were dried over anhydrous sodium sulfate. Light petroleum refers to

N s O

maierial of boiling range 40-60 °C.
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2,3-0-Isopropylidene-1 4-dl-U-memanesuljonylerytnrltol' (6). - To a solution of 2,3-0 -isopropylidene-
JS SN Py P, e _.. _______ e e 2 2 e iy Wy, [ —— P R -~ °

erythritol (5) (3.94 g, 24.3 mmol) and triethylamine (13.5 cm3, $7 mmol) in dl hloromethane (150 cm?3) at 0 °C

was added methanesulfonyl chloride (7.6 cm3, 97 mmol). After 15 min, the mixture was poured into ice-water

(300 cm3). The layers were separated and the organic phase washed with aqueous HCI (1M, 100 cm3),
saturated NaHCQ3 solution (100 (‘m—’*\ and water. The dnied organic layer was evaporated and the residue was

chromatographed on silica, with diethyl ether as eluant, to give the dimesylate 6 (6.52 g, 84%) as a white solid,
m.p. 92-93 °C; 8y (CD30D) 1.39 and 1.48 (each 3H, s, CMey), 3.14 (6H, s, 0SO,Me), 4.25-4.40 (4H, m),
4.45-4.55 (2H, m); d¢c (CD30D) 25.3 and 27.7 (CMe3), 37.5 (OSOMe), 68.8 (CHy), 75.7 (CH), 111.1(C Me3),

m/z 303 (M*-CH3) (Found: C, 33.5; H, 5.3, S, 21.0. CoH38038S> requires C, 33.96; H, 5.70; S, 20.14%).

1-Benzyl-3,4-isopropylidenedioxypyrrolidine (7). - The dimesylate 6 (1.39 g, 4.4 mmol) and benzylamine (10
cm3) were maintained at 65 °C for 48 h. After dilution with ethyl acetate (30 cm?), the mixture was washed
with brine and water, dried and evaporated, with excess benzylamine being removed as its azeotrope with

.10

xyiene. bnromatograpny on smca with 11gn petrmeum dlemyl ether (3°1) as eluam, gave the pyrrozzame

(0.90 g, 38'/0) as a colourless le; 5H 1.32 and 1.57 (each 311, S, CMez), 2.14 (2H, ddd, J11. 5, 3.1, 1.5, 2-, 5-
Hg), 3.04 2H, d, J 11.5, 2-,5-Hp), 3.61 (2H, s, CH2Ph), 4.65 (2H, m, 3-,4-H); & 25.1 and 26.5 (CMe3), 59.2
and 59.7 (CHz), 79.6 (CH), 111.2 (CMe3), 126.8, 128.2 and 128.4 (CH), 138.6 (q); m/z (EI) 233 (M™), 218

(M*-CH3) (Found: M* 233.13932; calc. for C14H oNO», 233.14157).
3,4-Isopropylidenedioxy-A!-pyrroline-1-oxide (9). - A solution of 7 (0.895 g, 3.85 mmol) in methanol (15 cm3)
was hydrogenated at 1 atm over Pd(OH),/C (0.18 g) until all the starting material had been consumed.
Filtration through celite, which was washed well with methanol, and evaporation gave the amine 8 (0.55 g) [Ou
CDCl3 + D>0) 1.30 and 1.45 (each 3H, s), 2.50 (2H, br.d, J ~11), 3.07 (2H, d, J 11.5), 4.60-4.65 (2H, m)],
which without purification was dissolved in chloroform (25 cm?) and treated with 2-(phenylsulfonyl)-3-
phenyloxaziridine (2.01 g, 7.7 mmol). The mixture was maintained with stirring for 16 h and then evaporated
with silica, which was applied to the top of a column of silica. Elution with ether-methanol (100:0 to 5:1) gave

the nitrone 9 (0.46 g, 77%), m.p. 111-112 °C; 4 (CD30D) 3.94 (1H, dq, J 15.1, 1.2, 5-Hp), 4.26 (1H, dddd, J
15.1, 5.2, 2.1, 0.6, 5-Hg), 4.97 (1H, br.t, J~5.3, 4-H), 5.34 (1H, br.d, J 5.7, 3-H), 7.12 (1H, q, J~1.5, 2-H); &¢
(CD30D) 25.7 and 27.5 (CMe3), 68.8 (C-5), 75.4 (C-4), 81.5(C-3), 113.0 (CMez), 137.7 (C-2); m/z (EI) 157
(M), 142 (M*-CH3) (Found: C, 53.3; H 7.5; N, 8.9; C7H{{NOj requires C, 53.48; H, 7.06; N, 8.91%. Found:

(2S*,3aS*,45* 5R*)-Hexahydro-2-tert-butyldiphenylsilyloxymethyl-4,5-isopropylidenedioxy-pyrrolo[ 1,2-b]

isoxazole (10). - A solution of nitrone 9 (91 mg, 0.58 mmol) and allyl #-butyldimethylsilyl ether (0.34 g, 1.16
mmol) in toluene (10 cm3) was heated under reflux for 10 h. The residue after evaporation was
chromatographed on silica, with light petroleum-ether (100:0 to 3:1) as eluant, to give the cycloadduct 10 (0.25
g, 95%) as a colourless oil; 8y (400 MHz) 1.04 (9H, s, CMe3), 1.31 and 1.51 (each 3H, s, CMey), 2.09 (1H,

ddd, J 12.8, 8.6, 6.7, 3o-H), 2.35 (iH, ddd, J, 12.8, 8.3, 4.9, SB-H), 3.19 (1H, dd, J gem 13.0, Jo,5 5.7, ou H),
3.37 (1H, dd, Jgem 13.0, Jgp,5 2.6, 6p-H), 3.58 (1H, dd, J 10.7, 5.2, 2'-Ha), 3.68 (1H, dd, J 10.7, 5.0, 2'-Hy),
278 /1 het JI-.7 W _HHY AN (1T m 2. AAN (TH AAd J.- A8 Taa 17 A AR (1H At
J.7J \ir1, ULl , ™/, J4d=iij, .0V (451, Iii, £rij, 5.0V (1r1i, U4, v45, U.Jy, v433 1.7, T=01j, T.07 (111, UL,
Js5.4~J5,60~6.1, J5 68 2.6, 5-H), 7.35-7.42 (6H, m, Ph), 7.63-7.68 (4H, m, Ph); & 19.2 (CMe3), 25.0 and 26.7
(CMe»), 26.8 (CMes3), 34.9 (C-3), 60.1 (C-6), 65.1 (C—Z‘) 70.9 (C-3a), 77.7 (C-2), 80.0 (C-5), 84.0 (C-4), 112.4
(CMey), 127.7, 129.7 (CH), 133.5 (q), 135.6 (CH); m/z (EI) 453 (M™), 428 (M"-Me), 396 (M™-Bu’) (Found:

M, 453.23505. Calc. for CpeHasNO4Si, 453.23353).

(2S*,3aS*,4S* SR *)-Hexahydro-2-hydroxymethyl-4,5-O-isopropylidenedioxy-pyrrolo[1,2-blisoxazole (11). -
To a solution of silyl ether 10 (0.45 g, 1.0 mmol) in THF (15 c¢m3) was added with stirring BusNF.3H20 (0.34
g, 1.09 mmol). After 1 h, the volume was reduced to 5 cm3 and the mixture was applied to a column of silica.
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Elution with ether-methanol {(100:0 to 9:1) gave the alconal 11 (0.202 g, $5%), m.p. 105-106 "C (from ether-
light petroleum); 5y 1.24 and 1.46 (each 3H, s, CMey), 2.09 (1H, ddd, J 12.7, 8.8, 6.2, 3-Ha), 2.35 (1H, ddd, /,
12.8, 8.3, 4.7, 3-Hy), 2.65 (1H, br.s, OH), 3.22 (1H, dd, J, 13.2, 5.5, 6-H,), 3.29 (1H, dd, J 13.2, 3.2, 6-Hp),
3.50(1H, dd, J12.1,4.7,2"-Ha), 3.62 (1H, dd, J 12.0, 2.8, 2'-Hy), 3.75 (1H, dt, J ~ 6 (x2), 1.8, 35-H), 4.27 (1H,
m, 2-H), 4.55 (1H, dd, ]4«65 Ja3a 1.9, 4-H), 4.87 (I1H, dt, J ~ 6, ~6, 3.3, 5-H); 8¢ 24.8, 26.7 (CMe;), 34.1
(C-3), 60 0 (C-6), 64.1 (C 2", 71. 4 (C-3a), 77.8 (C-2), 80.0 (C-5), 84.3 (C-4), 112.6 (CMey); m/z (EI) 215

(M™), 200 (M*-CH3) (Found: C, 55.8; H, 7.9; N, 6.5. C19H17NO4 requires C, 55.78; H, 7.96; N, 6.51%).

(25*,3aS*,45* SR*)-Hexahydro-4,5-O-isopropylidenedioxy-2-methanesulfonyloxymethyl-pyrrolo[1,2-blisox-

azole (12). - To a solution of alcohol 11 (0.19 g, 0.88 mmol) in dichloromethane (10 cm?3) and pyridine (4 cm?)
at 0 °C was added dropwise with stirring methanesulfonyl chloride (0.137 cm3, 1.76 mmol). The mixture was
allowed to warm to r.t. and after 2 h was evaporated. The residue was chromatographed on silica, with ether-

methanol (100:0 to 20:1) as eluant, to give the mesylate 12 (0.246 g, 95%) as a syrup; &y 1.39 and 1.48 {(each
QALY o FNAL DY DI DT LT o+ 7T £0 72 IT.\ 2 N2 MLT ., QNN 22NN A JA A £ LI.Y 271 /11T A¢ TLQ £ Q
o1, S, UVi€)), 2.2/ (11, [, J 0.0, 3-112j, 3.U3 {211, 8, DOVUZIVIE), J.0u <, 4, v 4.0, U-112), 3./1 (111, Qi, v 0.6, 0.0,
92 2 MY 411 (1H dd J111 32 2 HY 422 (1H dd J111 63 2 H) 44.45(1H m 2-H) 456 (1H
L-J, F ll,’ .11 \111, uu,d llcl’ JoU,L llal, Wk e \lll, VU, of 3 1.l.y Vedy & .IID” THSH T T Ted \lll’ 111, &~ lll, L ET=AN \lll,
dd, J4 5 6.6, J43a 2.4, 4-H), 491 (1H, dt, J5 4 6.5, J56 4.6, 5-H); §: 24.9 and 26.8 (CMe3), 34.9 (C-3), 37.6
(SOsMe), 60.4 (C-6), 69.8 (C-21, 71.0 (C-3a), 74.7 (C-2), 80.4 (C-5), 84.7 (C-4), 113.1 (CMe2); m/z (EI) 293
(M™), 278 (M*-Me) (Found: M*, 293.09367. Calc for Cy1H19NOgS, 293.09331)

(18* 2R*,6S*,7aS*)-6-hydroxy-1,2-O-isopropylidenedioxypyrrolizidine (13). - The mesylate 12 (0.246 g) in
ethanol (15 cm3) was hydrogenated at 1 atm, with Pd/C (5%, 50 mg) as catalyst, for 24 h. The catalyst was
filtered and washed with methanol. Evaporation, and chromatography of the residue on silica, with
chloroform-ethanol-aqueous ammonia (45:45:10) as eluant, gave the pyrrolizidine 13 (0.138 g, 83%), m.p. 128-
129 °C (from ethanol-ether); 8y (CD30OD) 1.28 and 1.47 (each 3H, s, CMez) 1.63 (1H, ddd, J 13.9, 8.8, 4.7, 7-

N 11 T 1A O TR i

Hjy), 2.26 (1H, ddd, J 13.7, 8.2, 6.6, 7-Hyp), 2.78 (1H, dd, J 12.8, 2.4, 5-H,), 3.05 (iH, dd, J 12.8, 5.6, 5-Hyp),
2 1€ A MMLT e VT IT. N 2 AA F1TT b s T Q& To ITY A2 AL MIY . L£IIY A £8 11T A1 T L N y.o_ 11 1
3.15-3.20 {40, m, 3-1132), 5.44 (10, or.t v ~8.5, /a-n), 4.5-4.5(1n, m, 6-n), 4.05(in, aq,v1 2 6.U,s1 79 1.1, L-
HY AQ7 (1 AdAd T~ AT Tnn A Tan 22 2.1V S~ {CTI-NOTN DA Q and 264 O (0 NAax) 2R 7T (Y AN Q and
l.l}, =.Q7 \lll’ uuu, Jl,l’ Vekey t}d,.’a _TvJ, J‘,jb LosT g dos 11], UL \\_/u_suu} LTT.0 dllu L\JU.7 \\.Avxvz}, wO. ] \\./ I}’ VU, T aiiu
62.8 (C-3, C-5), 72.1 (C-7a), 74.1 (C-6), 82.1 (C-2), 86.1 (C-1), 112.6 (CMey); m/z (EI) 199 (M*), 184 (M*-
Me) (F,u__d: C, 59.3; H, 8.2, N, 6.9. C1gH17NO3 requires C, 60.26; H, 8.60; N, 7.03%. Found: M*
199.12192; calc. for C1gH7NO3, 199.12084).

(1S*,2R* 65*,7a8*)-1,2,6-Trihydroxypyrrolizidine trifluoroacetate (14). - A solution of the isopropylidene
compound 13 (70 mg) in TFA(1 cm3) and water (1 cm3) was maintained at r.t for 24 h and then evaporated.
The residue was redissolved in water (10 ml) and reevaporated. Crystallization from ethanol-ether gave the
trihydroxypyrroline trl]luoroacetate I (71 mg, 74%) m.p. 154 156 °C' 8H (D;)_O) 2. l7 (lH brd J 14 7- Ha)

3.54 (lH, dd,.]12 7,29,5 Hor3 -H), 3 75 (IH brd J176 5-H or 3- H),407 (IH dt J~ 8,27, 7a- H),
4.39 (1H, m, 2-H), 4.46 (1H, dd, J1,7a 7.8, J12 3.7, 1-H), 4.68 (1H, m, 6-H); 3¢ (D20) "5.3 {C-7), 59.9 and
Kn’)lf"! M &Y EQ AT T 1L LN T1 RIC_AEY TEKE IO 1) sl IMADY 1AN INALTHY fBavind- O 207- 1 £ 9.
VUL \ =J, Lr-.)}, vo.J \\/'/ }, /1.1 \\./'L’, 11,0 \\/ U}, FAS S \\/'1], /i \1 nu; 10UV \IVJII } \l VUIIU. ©, J7 I, 11, Jels
N, 5.0. C7H13NO3.CF3CO7H requires C, 39.57; H, 5.16, N, 5.13%).

7-O-t-Butyldiphenylsilyl-2, 3-O-isopropylidene-1,4,5-trideoxy- 1 4-imino-D,L-talo-heptitol (15). - A solution of
cycloadduct 10 (0.256 g) in ethanol (20 cm3) was hydrogenated at 1 atm over palladium-on-charcoal (5%, 50
mg) for S h. The catalyst was filtered and washed with ethanol. Evaporation of the combined filtrates, and
chromatography of the residue on silica, with ether-methanol (100:0 to 9:1) as eluant, gave the pyrrolidine 15
(0.213 g, 83%) as a syrup; 0y (400 MHz) 1.04 (9H, s, CMe3), 1.30 and 1.44 (each 3H, s, CMejy), 1.51 (1H, dd,
Jgem 14.4,J524 12.1, Js5.6 3.9, 5-Ha), 1.61 (1H, dt, J 14.4, 4.9, 4.9, 5-Hy,), 2.89 (1H, dd, Jgem 13.9, J1q, 2 3.9,
lg-H), 2.98 (IH, d, / 13.8, ig-H), 3.52 (1H, dd, J4,54 12.1, J4 50 4.3, J4 3 ~0, 4-H), 3.64 (1H, dd, J 10.1, 7.2, 7-
Ha), 3.67 (1H, dd, J 10.1, 5.9, 7-Hp), 3.86 (1H, m, 6-H), 4.38 (1H, d, J3 3 5.5, 3-H), 4.69 (1H, br.t, J ~ 4.6, 2-
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2,4,5-Trideoxy-1,4-imino-D,L-talo-hexito! hydrochloride (16). - A solution of the protected compound 15
(0.195 g) in TFA (2 cm3) and water (2 cm3) was maintained at r.t. for 24 h. The mixture was evaporated and
the residue was re-evaporated from water (5 cm3). The residue was dissolved in water (10 cm3) and extracted
with ether (3 x 5 cm3). The aqueous layer was again lyophilized and the residue was crystallized from
ethanolic HCl-ether to give the iminoheptitol hydrochloride 16 (74 mg, 81%), m.p. 142-143 °C; 8y (D20) 1.80-
2.15 (2H, m, 5-H»), 3.30 (1H, dd, J 13.2, 1.8, 1-Hy), 3.43-3.53 (2H, m, 1-Hy, 7-H,), 3.57 (1H, dd, J 11.7, 4.4,
7-Hy), 3.66 (1H, dt, J4 3 8.8, J4 5 ~ 5, 4-H), 3.78-3.91 (1H, m, 6-H), 4.07 (1H, dd, J3 4 9.2, /32 4.1, 3-H), 4.33

(iH, dt, J 4.1, 4.1, 1.8, 2-H); 8¢ (D20) 31.7 (C-5), 49.1 (C-1), 57.3 (C-4), 64.9 (C-7), 68.1 (C-6), 68.7 (C-2),
MTA Y LY I e [ FTTEADYN 17O AAALTHY (T i de Y D ALY T & AT £ &0 0 1£ 7 YT . _ONMTIMN . snmriena £ 200 24,
[4.2{(U-5), M/Z{(FAD) 1 /6 (UVII1 ) (rouna: ©, o¥.4; 0, /.0; N, 0.0; U1, 10.7. U7NjaLINU4 TEQUITES L, 57.54,
T 788N ARA (1 1A 50040\
Thy 7.JJ, 1N, U.JU, U1,y 1U.J7/0).

(28*,3a8* 4S* SR*)-Hexahydro-2[2-(t-butyldiphenylsilyloxy)ethyl]-4,5-isopropylidenedioxy-pyrrolo[1,2-b]

isoxazole (17). - A solution of nitrone 9 (0.134 g, 0.85 mmol) and but-3-enyl #-butyldiphenylsilyl ether (0.29 g,
0.94 mmol) in dry toluene (10 cm3) was heated under reflux for 36 h. The mixture was applied to the top of a
silica column which was eluted with toluene-ether (100:0 to 2:1) to give the cycloadduct 17 (0.37 g, 92%) as an
oil; 8y 1.04 (9H, s, CMe3), 1.32 and 1.49 (each 3H, s, CMey), 1.65-1.95 (2H, m, 2'-Hj), 2.12 (2H, t, J 7.1, 3-
Hy), 3.21 (1H, dd, Jgem 13.2,Joa,5 56, 60-H), 3.36 (1H, dd, J 13.2, 3.1, 6g-H), 3.65-3.85 (3H, m, 3a-H, 2"-H2),
432(1H quintet J~6.8,2-H), 456(1H dd, Js5 6.4, J43319 4-H), 4.87 (1H, dt, J 6.1, 6.1, 3.1, SH) 7.3-7.5

Arﬂ/\t-l-\ AN A+ 2 X A1TN IR AL+ Arm

AY ’\ A’ll\/
1) 407/ (ivi' ), 404 (M1’ "lVlC), 41V UVI -DU) U“OUDQ Vl°, 40 /.£4 70,

To a solutxon ot sﬂyl ether 17 (0,305 g, 0.65 mmol), in THF ( 10 cm3) was added wuh stlmng Bu4NF.3H20
(0.227 g, 0.72 mmol). After 30 min, the volume was reduced to 5 cm3 and the solution was applied to a
column of silica made up in ether. Elution with ether, followed by ether-methanol (9:1), gave the alcohol 18
(0.146 g, 97%) as an oil; 8y 1.32 and 1.52 (each 3H, s, CMey), 1.81 (2H, q, J ~ 5.5, 2"-H>), 2.2-2.35 (2H, m, 3-
H»), 2.6 (1H, br.s, OH), 3.34 (2H, d, J 4.3, 6-H3), 3.70-3.85 (3H, m, 3a-H, 2"-H3), 4.39 (1H, quintet, J ~ 6.5, 2-
H), 4.58 (1H, dd, J4 5 6.5, J4 32 2.3, 4-H), 4.91 (1H, dt, J 6.4, 4.6, 4.6, 5-H); 8¢ 24.9 and 26.8 (CMe3), 37.2 and
38.3 (C-2', C-3), 59.6 and 60.2 (C-2", C-6), 70.9 (C-3a), 75.4 (C-2), 80.0 (C-5), 84.6 (C-4), 112.6 (CMe3); m/z
(EI) 229 (M*), 214 (M*-CH3), 184 (M*-CH2CH0H) (Found: M*, 229.13221. Calc. for Cy1H9NOQy,

AN 1721 AN

225.13140).

(lS* 2R*, TR *,8aS¥)-7-Hydroxy-1,2-isopropylidenedioxyindolizidine (21). - To a solution of alcohol 18 (0.158

, 0.69 mmol) in nvndm_e_- (8 grp_3\ at 0 °C was added dropwise with sh_mp,o mefhancsulfonvl chloride (0.054
cm3, 0.7 mmol). After 0.75 h, the mixture contaiming the crude mesylate 20 was diluted with ethanol (10 cm3)
and hydrogenated at 1 atm over palladium-on-charcoal (5%, 0.105 g) for 3 days. The mixture was filtered
through celite which was washed with methanol (3 x 10 cm3). Evaporation gave a residue which was
chromatographed on silica, with ether-methanol (100:0 to 9:1) as eluant, to give the indolizidine 21 (0.112 g,
76%) as an oil; dyg (CD30D) 1.19 (1H, q, J 1 1.5, 84-H), 1.29 and 1.46 (each 3H, s, CMe3), 1.35-1.55 (1H, m,
Gu-H) 1.78 (1H, m, 6g-H or 8p-H), 2.03 (1H, double quintet, Jgem ~12, J ~2.5, 8g-H or 6pg-H), 2.3-2.45 (3H,
m), 2.97 (1H, ddd, J 12.2, 4.4, 2.5), 3.23-3.30 (1H, m, 8a-H), 3.58 (1H, tt, J7,60.~ /7,80 ~ 11, J7,68 ~ J7,88 ~
4.5, 7-H), 4.23 (1H, dd, J1 2 7.0, J1 82 5.1, 1-H), 4.72 (1H, dt, J ~ 6.5, 4.1, 4.1, 2-H); 8¢ (CD30D) 25.1 and
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27.1 (CMe3), 33.3 and 37.3 (C-6 and C-8), 49.0 (C-5), 58.9 (C-3), 67.9 and 69.5 (C-2 and C-8a), 85.2 (C-1),
11 PV PV 1. A1 SN AN 100 A+ AL\ 19N AL+ MIT TT M) VA » P | AA+ N1 1IEEN o " P iy
il \LIVIEZ), m/ L1D \lVl }, 170 \lVl -1vu:), 10U \1V1 -vr -nzu; \I"UU 14 ivi L12.10000U vdaiv. 101

(18*,2R* 7R*,8aS*)-1,2,7-Trihydroxyindolizidine hydrochloride (22). - A solution of the isopropylidene
derivative 21 (0.102 g) in TFA (2 cm3) and water (2 cm3) was maintained at r.t for 24 h, and then evaporated.
The residue was evaporated twice with water (10 cm3) and then dissolved in ethanol containing HCL. After
filtration, water was added to the point of turbidity, and the mixture was set aside in a cold-room overnight to
yield the indolizidine hydrochloride 22 (76 mg, 76%), m.p. 117-119 °C; &g (D20, 60 °C) 2.00 (1H, ddd, J 13.6,
12.3, 10.7, 8¢-H), 2.18 (1H, dddd, J 14.7, 12.3, 10.4, 4.6, 64-H), 2.61 (1H, m, 6g-H), 2.83 (1H, br.d, J ~ 13.6,
8p-H), 3.50-3.75 (2H, m), 3.80-3.95 (1H, m), 4.00 (1H, dt, J 12.9, 3.9, 3.9, 54-H), 4.30-4.60 (3H, m), 5.00 (1H,
q, J ~ 5, 2-H); m/z (EI, on free base) 173 (M%), 156 (M*-OH) [Found: C, 45.3; H, 7.5; N, 6.5; Cl, 17.0.

o~

CgH 6CINOj3 requires C, 45.83; H, 7.69; N, 6.68; Cl, 16.91%. Found: M* (free base) 173.10700. CgHsNO3

o} 1(\:11‘\1

requires 173.16519].

Diethyl (2R,3R)-2,3-di-O-methoxymethyl-tartrate (23). - To a solution of diethyl L-tartrate (14.45 g) and
dimethoxymethane (50 c¢m3) in dry chloroform (100 cm3) was added in batches phosphorus pentoxide (7 x 10
g) every 15 min. After a total time of 2 h, the mixture was poured into cold saturated aqueous sodium
carbonate. The solid residues were washed with chloroform (3 x 30 cm3) which was combined with the
original chloroform layer. The aqueous layer was extracted with ether (3 x 100 cm3). The combined organic
layers were washed with brine, dried and evaporated. The residue was chromatographed on silica, with ether-
light petroleum (1:1) as eluant, to give the bis-methoxymethyl ether 23 (20.0 g, 97%) as an oil, [a]p +174.1 (¢
1.31, CHCl3) {lit., [a]p +141.1 (¢ 0.21, CHCI3),208 +142.7 (¢ 1.57, MeOH)20b}; 8y 1.25 (6H, t, OCH2CH3),
3.31 (6H, s, OMe), 4.10-4.30 (4H, m, OCH,CH3), 4.62 (2H, d, J 7.1, OCH, O), 4.64 (2H, s, 2/3-H), 4.72 (2H,
d, J 7.1, OCH20); 8¢ 14.0 (OCH2CH3), 56.1 (OMe), 61.3 (OCH,CH3), 75.7 (C-2/3), 96.5 (OCH,0), 168.8

A0 0O, YY M ¢ AQ N7, TIXY M £20/\

\L—U) U‘OUHU L 46.0, 11, /.0 L/|2l122U8 quUlTCb L,, “406.7/5 1, /.037a).

VAT Oeomothovimmothul 1 _fln-o-'!nl 24\ _ A angnancinn nf 1

- = T _ 1 alhimmininm hudride (2 Q o0 76 mmal) in dey
‘-’J L7ETN\T IIIGLI&UAJ/II&OOI})’L LsTHIRE T UV \‘1’ Duoyv AJAVLL VUL LEVELLIGLLIL QAL ULALRERA VLR ll:ullu\/ \L' 4 5’ lU llul‘ul} 111 UL ]
THF (100 cm3) was cooled to -78 °C, and diester 23 (18.7 g, 63.5 mmol) in THF (100 cm3) w. ded

dropwise with stirring. When addition was complete, the mixture was allowed to warm to r.t for l h A
saturated aqueous solution of NapSOy4 (20 cm?) was added with ice-bath cooling. After 1 h at r.t., the mixture
was filtered through celite and the solids were washed with CH2Cl2-MeOH (4:1, 2 x 100 cm3). The combined
filtrate and washings were evaporated and the residue was chromatographed on silica, with ether-methanol
(20:1) as eluant, to give the diol 24 (9.93 g, 74.5%) as a white solid, m.p. 60-62 °C (lit.,2%2 64 °C), [a]p -30.5 (¢
1.05, CHCl3) {lit., [&]p -7.9 (¢ 0.21, MeOH)202 -2.9 (¢ 2.66, MeOH)20b}; 5y 3.2 (2H, br.s, CH), 3.38 (6H, s,
OMe), 3.65-3.75 (6H, m), 4.60-4.75 (4H, ABdd, J 7, OCH0); 8¢ 55.8 (OMe), 61.7 (CH,OH), 79.9 (C-2/3),
97.3 (OCH;0).

1 A N M iy NSNS oy B We BEDE LINY o WRNRSRPY R ne —al.. .7 al..._ta_J 78\ A a~lekl e AL A1 WA LT 17T o E L ommama A1)

L, S-LJI-\J=-meEnanesut UI’lyl-L,J-ul-U-”l HlUl_y nemyt-l.,-mreuut \LD) = A dDUOIULIVI1 O1 Jdi101 L4 [l.l / g, 2.0 IIII Ul)

and triothulamina 712 1 am3 27 2 mmal) in dichlaramathana (15 ~m3) wae addad 4 3 th ctirring at N °C

aliua Iwi 1Qi1kiiin \J. Wil payayyes ) llllllull 111 ViV ViIIvULIAdLIY \lJ L UL UL Yvitil Bllllllls alt v o
ulfon

was mamtamed w1th stirring at 0 °C for 1 h, and then poured 1nto ice-water. The organic layer was washed
with brine (2 x 50 cm?) and water (50 cm3), dried and evaporated. Chromatography of the residue on silica,
with toluene-cthyl acetate (2:1) as eluant, gave the dimesylate 25 (1.72 g, 84%), m.p. 38-40 °C, [a]p -9.0, (c
1.0 in CHCl3); 8y 3.04 (6H, s, SO2Me), 3.39 (6H, s, OMe), 4.02 (2H, m, 2/3-H), 4.32 (2H, dd, J 10.7, 5.4, 1/4-
Ha), 4.44(2H, dd, J 10.7, 4.2, 1/4-Hy), 4.68-4.77 (4H, ABdd, J 6.9, OCH20); 8¢ 37.5 (SO2Me), 56.1 (OMe),
67.8 (C-1/4), 74.9 (C-2/3), 97.4 (OCH70) (Found: C, 32.9; H, 5.7; S, 18.2. CyoH22010S2 requires C, 32.78; H,
6.05; S, 17.50%).
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(35, qo)—l-uenzyl-a,‘f-m.s ‘meinoxymeinoxyjpyrroiiaine (29j. - A s on Of dimesyiate 235 (5.3 gj in
hanzolamina EN a3 wwag maintainad at &N °0 far 2 dave Tha mivhire wae dilited with athol acatata (80 cm3)
Ucllby.lmlllllc \UU \rlll ) Wad HIAllllalliNAlL at Uy 1w o ua_ya. LHIC HHIALUIGC Wad UlTULLAL YWILLL Ulllyl aveviaile \JV VALl l
and washed with brine (3 x 50 cm3). The organic layer was dried and evaporated, and the residue was
rhrnmamoranhed on silica, with ether as eluant, to mve rhe pyr! glidm 26 (3.60 g, 89%) as a colourless oil

vvvvvvvvvv poavhe LI 82218, L1 33 3 el [ 83 L) 1

[alp +13.4 (c 0.8, CHCl3) {1it.20 [a]p +11.9 (c 2.4, CHClm wit c
(OMe), 58.6 (C-2/5), 60.3(CH2Ph), 81.5 (C-3/4), 95.7 (OCH,0), 127.1, 128 2 and 128.9 (CH ofPh) 138.1 (q).

:"

(28,3a8,48,58)-Hexahydro-2-t-butyldiphenylsilyloxymethyl-4,5-bis(methoxymethoxy)-pyrrolo[ 1 ,2-blisoxazole

(29). - To a solution of pyrrolidine 272! (0.255 g, 1.33 mmol) in chloroform (10 cm?3) was added with stirring
2-(phenylsulfonyl)-3-phenyloxaziridine (0.70 g, 2.67 mmol). After 2 h, a solution of ally! #-butyldiphenylsilyl
ether (0.46 g, 1.55 mmol) in chloroform (5 cm3) was added, and the mixture was heated under reflux for 2
days. The mixture was diluted with more chloroform (20 cm3), washed with brine, dried, filtered and

evaporateu The residue was chromatographed on silica, with toiuene-ether {(4:1) as eluant, to give the
nnnnnn Adeint 0 (N I2T 5 L0/ e am nil Tl LALZ K (AT N1 OO S FANND ML 1 NE QLY o ONAL)Y D DK
Ly(.luuuuu(,l L7 \V.ad/ By IJ/70)] ad all Uli, tuju THV.O (L 1.V, LlIVly ), O LUV VLA ) 1.V [7“, S, UIVIC3 ), L.40-
2.40 (2H, m, 3-Hy), 3.11 (1H, dd, Jeem 12.5, Joo.s 5.9, 65-H), 3.36 and 3.37 (each 3H, s, OMe), 3.60 (1H, dd
£V R 4dd, Iy J5017 ), D08 (111, UG, v g Laedy vOU,D V7 VOTE1), .0V Gl J.J 7 (Valil Jik,y 5, WiViL)y, J.0U {111, Ul,
Jgem 12.5, Jop.5 6.2, 6p-H), 3.5 363( H, m, 3a-H), 3.68 (1H, dd, J 10.7, 5.3, 2-Hy), 3.76 (1H, dd, J 10.7, 5.1,

2-Hy), 3.99 (1H, t, J ~ 4.4, 4-H), 4.12 (1H, dt, J 6.0, 6.0, 4.3, 5-H), 4.35 (1H, tt, J~ 7.0, 5.2, 2-H), 4.63-4.75
(4H, 2 x ABdd, OCH0), 7.35-7.43 (6H, m, Ph), 7.63-7.68 (4H, m, Ph); 8¢ 19.2 (CMe3), 26.8 (CMe3), 36.6 (3
C), 55.5 (OMe), 59.2 (C-6), 64.6 (C-2), 69.2 (C-3a), 77.0 (C-2), 81.4 (C-5), 86.5 (C-4), 96.0 and 96.2
(OCH20), 127.5, 129.5 and 135.5 (CH of Ph), 133.3 (g, Ph); m/z (EI) 501(M*), 470(M*-OMe), 444 (M*-But)

(Found: C, 64.4; H, 8.1; N, 3.1. C27H39NOgSi requires C, 64.64; H, 7.84; N, 2.79%).

(28,3a8,4S,5S)-Hexahydro-2-hydroxymethyl-4,5-bis(methoxymethoxy)-pyrrolo[ 1,2-blisoxazole (30). - The silyl
ether 29 (0.41 g, 0.82 mmol) and tetrabutyl ammonium fluoride (0.285 g, 0.9 mmol) were stirred in THF (15
cm3) for 15 min. The volume was reduced to 5 cm3, and the mixture applied to a column of silica which was

~1_ . _ 3 4l Jh Bayips SRS RS M ~ al P BVE WAV UFINEEES Y 2 VU T WIS SRS | A 1 AN N AN 030 11 VA 1 |I\ -

eluiea wiin aicilyi emner-mendanol (1vu.v 1o ZUl1) 10 give inc alCOI‘IOI U (LV.LVU g, YZ70) as an OH, [(X.JD TiU.o (C
NS O [ir D20 K5 (AW e 2 0. N 2922 1 Ad 71272 4AQ £ I\ 224 (ALY o NN A\ 2 SN2 £7
V.03, Lrili3), O <.05-£.3 (o, M, 5-1n2, Uriy, 5.44 (111, Q4, v 13.9, 4.0, Og-11), 5.50 {011, S, UNIC), 5.0U-3.0/
I?I—Im’)'-” 29” 6a-H). 374 (1H. d4. J 119 ’)Q 7’H\A(\711Hf I~A’Z 4.H) AIRHT—I dd 672
353, M, £ -1, 2a-13, Of-11), Wi, GG, J 12 Y LY b VL 1, LY i), 4012 U aaa, J 0.4,
4.6,3.7, 5- ), 434 (1H, m, 2-H), 4.62-4.75 (4H, 2 x ABdd, J ~ 6.9, OCH,0); ¢ 35.5 (C- 3), 55.5 (OMe), 59.4

(C-6), 63.7 (C-2"), 70.1 (C-3a), 77.3 (C-2), 81.9 (C-5), 87.1 (C-4), 96.0 and 96.2 (OCH70); m/z (EI) 263 (M),
232 (M*-OMe), 218 (M*-CH7OMe) (Found: MT, 263.13796. Calc. for C11H21NOQg, 263.13689).

(2S,3a85,48,58)-Hexahydro-2-methanesulfonyloxymethyl-4,5-bis(methoxymethoxy)-pyrrolo[ 1 ,2-blisoxazole

(31). - Methanesulfonyl chioride (0.088 ¢cm3, 1.13 mmol) was added dropwise with stirring to a solution of
alcohol 30 (0.15 g, 0.57 mmol) and triethylamine (0.158 cm3) in dichloromethane (10 cm3) at 0 °C. After 1h,
the mixture was diluted with dichloromethane (20 cm3), washed with brine (2 x 10 cm3) and water (10 cm3),
dried and evaporated. The residue was chromatographed on silica, with ether-methanol (20:1) as eluant, to

give the mesylate 31 (0.16 g, 82%) as an oil, [a]p +11.8 (¢ 1.1, CHCl3); 61 2.29 (1H, ddd, J 12.7, 8.5, 6.8, 3-
IOy 72742 /110 J.—‘A ’1‘50 '-I‘Z 128 LI.Y 2 NS MU o CNAMAY 29I 710 AA 71277 A A &K 1IN 2 2& (ALY o
faj, «.45 (111, GGQ, v 12.06, 7.3, 3.3, 3-I1p), 2.U3 (o, 8, SUIME), S.22 {(in, G4, v 13./, 4.4, 6g-11), 5.55 {011, §,
OMe), 3.56 (1H, du, J13.7,6.2, 65-H), 3.57-3.67 (1H, m, 3a-H), 4.01 (1H,t,/~43,4-H), 414 (1H, ddd, J
6.2,4.2,3.6,5H),421-4.25(2H, m, 2'-Hj), 4.50 (1H, m, 2-H), 4.60-4.72 (4H, 2x ABRdd, OCH,0); 8¢ 36.0 (C-
3), 37. 5 (MeS0O3), 55.4 (OMe), 59.7 (C-6), 69.4 (C-2"), 69.8 (C-3a), 74.2 (C-2), 81.9 (C-5), 87.1 (C-4), 96.0
(OCH>0); m/z 341 (M), 296 (NIJr MCOC 2) (Found: M+ 341.11470. Calc. for C12H23NOgS, 341.11444).

(18,28,68,7a8)-6-Hydroxy-1,2-bis(methoxymethoxy)pyrrolizidine (32).- The mesylate 31 (0.136 g) was
hydrogenated at 1 atm in ethanol (20 cm?3) using palladium-on-charcoal (5%, 68 mg) as catalyst, for 20 h. The
mixture was filtered through celite, which was washed well with ethanol. Evaporation of the combined filtrates
and chromatography of the residue on silica, with chloroform-ethanol-aq. ammonia (45:45:10) as eluant, gave

~a s Ann s YT FeTY

the pyrrolizidine 32 (92 mg, 93%), as an oil, {&]p -49.4 (¢ 0.87, MeOH); 6y 1.95 (iH, dt, J 13.6, ~6, ~6, 7-
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13N YL 11T 311 FT12 £ 07 £ T IT.\ "70 711 A1 F11 7 77 £ 1YY 2 Nn1 11T 11 ri11 1 £ 21T Y 3N
Hy), £2.20 (1N, 4ad, v 13.0,0./,5./, /-fipj, 2. /0 (11,0 4 11.7, 3.7, 3-Ha), 3.U1 (11, aq,J 11.1, 3.2, 3~-Iy), 3.2V
(M A4 7117 40 S, H.Y 22K (EH ¢ NMa) TWIENMH m 2LH, Ta.HY 200(I1H e OHY 4 I0(TH ¢
VI, U, J L 1.7, 7.7, J511h ), J.5J U1, D, Ui, J.J0°75.JU \4&il, 11, J=1i}h, fa=i1j, J.7U (111, ULl.5, \JI1), F.1U 111, 4
J ~5, 1-H), 4.18 (1H, t,J~5, 1-H), 4.18 (1H, q, J ~5, 2-H), 4.35-4.43 (1H, m, 6-H), 4.6-4.8 (4H, 2ABdd,
OCH0); 8¢ 39.2 (C-7), 55.3 and 55.5 (OMe), 58.1 (C-3), 62.8 (C-5), 67.2 (C-7a), 73.1 (C-6), 82.5 (C-2), 86.2
(C-1 59and 96.0 (OCH20); m/z (EI) 247 (M%), 216 (M*-OMe), 202 (M*-CH,0Me), 186 (M*-OCH20Me)

(Found. M+, 247.14289. Calc. for C11H21NOs, 247.14184).

(18,28,68,7a8)-1,2,6-Trihydroxypyrrolizidine hydrochloride (33). - A solution of the bis(methoxymethyl)
derivative 32 (91 mg) in aqueous HCl (6M, 5 cm3) was maintained at room temperature for 24 h and then
lyophilized. The residue was redissolved in water (5 cm3), extracted with ethyl acetate (2 x 5 cm3) and
lyophilized once more. The residue was twice evaporated to dryness from ethanolic HCI to give a solid which
was crystalh?ed from ethanol-ether to give the pyrrolizidine hydrochloride 33 (58 mg, 81%) as an off-white

103 - 1174 11 9/ .1 NN 7 N =rs 1Y N, © FANN R ATTY . TN /MY A AN 7t Y i Iy ri{tYy O Feg e ~ IT -~ &4
sola, m.p. 110-11/7 L, |O]p =7.£2 (€ V.70, pu); Oy (4UU Mz, UpV) £.2Y (i, at, J 13.6, ~0, ~0, /-Iy), £.04
1 d43 T 12Q Jo45 OO0 Jo, &6 FI.Y 2ANILY A1 7 1972 €0 S LI 2 A7 (111 Ad 71794 £0 2. LT\
{111, QUQ, Jgem 15.6, 4773 ¥.U, 47,6 3.3, /-Ib), 2.4U {111, G4, v 1.3, 3.V, 5>-rig), 5.4/ (1, GG J 12.4, 0.U 3-1y),
R77(1H dd 7122 50 S.H.) 305/¢(1 dd 7122 8§23 I.H) 4 13¢(1 ddd J-. -0 and 61 J» . 81 a_
Jof 1 \lll, uu,./ lhcb, JOU, -~ 110}, -t eSS \lll, uu,u IL-J’ J.-.l’ -7 IIDI’ TTed o \lll, \J“u,\’ Ia’ U I U'L’ Ula’l J..I, i
H), 4.35-4.43 (2H, m, 1-H, 2-H) 4.66 (1H, quintet, J ~ .1,6-H),8c( »0) 35.5 (C-7), 58.0 (C-3), 60.6 (C-5),
70.3 (C-6), 70.8 (C-7a), 74.9 (C-2), 78.5 (C-1) (Found: C, 42.7; H, 7.0; N, 6.8. C7H14CINO3 requires C,

4297, H, 7.21; N, 7.16%).

Diethyl (28,35)-2,3-di-O-methoxymethyl-tartrate (ent-23). - Diethyl D-tartrate (12.0 g), dimethoxymethane (50
cm?3) and phosphorus pentoxide (7 x 10 g) were processed as described above for the enantiomer to give the
bis-methoxymethyl ether ent-23 (14.5 g, 84%), [o]p -151.2 (¢ 1.5, CHCI3), with NMR data as for 23 (Found:
C, 49.0; H, 7.4, C|2H270g requires C, 48.97; H, 7.53%).

2,3-Di-O-methoxymethyl-D-threitol (ent-24). - Lithium aluminium hydride (1.6 g, 42 mmol) and diester ent-23
10N & A evninnnl) vxrava me~nnnacand oo Aacheibhad ahnsrs fan thn Amandtinmane ¢ vixra ¢tlan Al 2es WA & Q0N ~ 10/)
{iv.v 5’ oo 4 Tim l} wCilic PthCb € as G&SCrindd dao0ve 10T Ui Snanuomer o 51\'0 UIC IO ENL-4% \JAOU g, 0o17/0),
mn ANARY O Tyl +472 1 {1  CHC14Y wriith enectracennie data ac far the enantinmer (Fannd-  AS Q- H
P Vu=04 "%, XD 7541 (¢ 1.6, Liilal), Wiul SpOCOSCOPIC Gadila as 10r ui CNaiulimey («wounag. «, s2.7; 11,
R 7 CoHieQs reguires C. 45.71- H. 8.63%)

Sele MQALIONT0 YWD Rey Wl 1y 22y OV U)

1,4-Di-O-methanesulfonyl-2 3-di-O-methoxymethyl-D-threitol (ent-25), - Diol ent-24 (3.40 g, 16.2 mmol) was
treated with tricthylamine (9.0 cm3, 65.5 mmol) and methanesulfonyl chloride (5.1 ¢cm3, 65.5 mmol) as
described above to give the disulfonate ent-25 (4.86 g, 82%), as an oil with spectroscopic data as for 25.

(3R,4R)-1-Benzyl-3,4-bis(methoxymethoxy)pyrrolidine (ent-26). - The dimesylate ent-25 (13.0 g) and
benzylamine (100 cm3) were processed as described above for the enantiomer to give the pyrrolidine ent-26

(8.0 g, 80%), [a]p -13.7 (¢ 1.4, CHCI3), with NMR data as for 26 (Found: MH* 282.1706. Calc. for

N

CisH24NOy4 282.1705).

2 AR A_hicfmothnvumothnyoinuvrrnlidine fani=7 7\ - The AN -hanzvl ~ramnannd ont VA {4 QN o) wace
\Jl\,‘YA\’ J,7 UD»J‘fllbII‘V.‘I}’IIEI.J-IJ-U-'\'J// 'yl F AL AiaRT i \B rLxa o } ARWw 4Y U\vlll‘] s UUL‘IPUUAIU CIEE T \‘l S NT 5} YY GO
hydrogenated in ethanol (50 ¢m?3) at 1 atm. over palladium-on-charcoal (5%, 1.0 g) for 3 days. The mixture
was processed as described for hc nantiomeric series2! to give the pyrrolidine ent-27 (3.10 g, 93%), as an oil,

[alp +3.3 (c 1.5, CHCl3) {lit.2! for 27 [a]p -1.51 (¢ 6.4, CHCl3)}, with spectroscopic data as for the
enantiomer.

(3R,4R)-3,4-bis(methoxymethoxy)-Al-pyrroline -N-oxide (ent-28). - The pyrrolidine ent-27 (1.22 g, 6.4 mmol),
SeO7 (33 mg, 0.29 mmol), and H202 (30%, 2.0 g, 17.7 mmol) were processed as described for the
enantiomer?! to give the nitrone ent-28 (0.69 g, 53%), as an oil, [a]p -24.2 (¢ 1.1, CHCl3) {we obtained [o]p

13) for 28}, with spectroscopic data as for 2821 (Found: MH* 206.1028. Caic. for

+28“ ¢ 0.96, CHC
6.

r\

=
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AT A Ty AT ST\ ITY ~al 7 ‘ £ L s Py A rt "\ 1.3 R
LRLOAK 4R, 0K )- exanyaro-A-l-DulylalpnenylSllytOxym ’zyl yvO=DIS(M ein .x_yme["ox}/'pyrr l 1,£-DJisoxazoie
(ent-29) and the (25,3aS,4R,5R)-isomer 34 - A solution of nitrone ent-28 (0.52 g, 2.54 mmol) and allyl -butyl-

1 ll

diphenylsilyl ether 0.75 g, 2.54 mmol) in dry toluene was heated under reflux for 4 days. After evaporation,
the residue was chromﬂtnﬂraphcd on silica, with toluene-diethyl ether (2:1) as eluant, to give firstly the
cycloadduct ent-29 (0.596 g, 47%), [alp -15.5 (¢ 1.23, CHCIl3), with spectroscopic data as for the enantiomer.

Further elution of the column gave the minor cycloadduct 34 (3.2 mg, 2.5%); 6y (400 MHz) 1.10 (9H,
s, CMe3), 2.09 (1H, ddd, Jgem 12.4,J38,329.0, J3p2 7.4, 3g-H), 2.43 (1H, ddd, Jgem 12.4, J30,2 7.0, J3¢,32 3.4,
3q-H), 3.20 (1H, dd, Jgem 13.2, Jep 5 5.5, 6p-H), 3.36 (1H, m, 6¢-H), 3.36 and 3.39 (each 3H, s, OMe), 3.65
(1H, dd, J 10.6, 5.5, 2'-Ha), 3.76 (1H, dd,J 10.6, 5.4, 2'-Hy), 3.93 (1H, ddd, J3a,3p 8.9, J3a,4 6.6, J33 3¢ 3.4, 3a-
H), 4.12 (1H, dd, J432 6.6, J4 5 4.2, 4-H), 4.19 (1H, tt, J2 3a ~ J2 2 ~ 5.4, J2 30~ J2,38 ~ 7.1, 2-H), 4.27 (1H,
dt, Js 6o~ J5.6 ~ 6.0, J5 4 4.3, 5-H), 4.62-4.77 (4H, 2ABdd, J ~ 6.7, OCH,0), 7.35-7.45 (6H, m, Ph), 7.7 (4H,
m, Ph).
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.04; N, 5.32%).

(2R,3aR,4R,5R)-Hexahydro-2-methanesulfonyloxymethyl-4,5-bis(methoxymethoxy)-pyrrolo[ 1,2-blisoxazole
(ent-31). - Alcohol ent-30 (0.10 g, 0.38 mmol), triethylamine (0.108 ¢cm3, 0.76 mmol) and methanesulfonyl
chloride (0.060 cm3, 0.76 mmol), were processed as described in the preparation of 31 to give the mesylate ent-
31 (0.11 g, 85%) as an oil, [at]p -7.8 (¢ 1.53, CHCl3), with NMR data as for the enantiomer (Found: C, 42.2;
H, 6.8; N, 4.0; S, 9.1. Cj2H23NOgS requires C, 42.22; H, 6.79; N, 4.10; S, 9.39%).

(1R,2R,6R,7aR)-6-Hydroxy-1,2-bis(methoxymethoxyjpyrrolizidine (eni-32).- The mesylate eni-31 {(0.130 g)
was treated as described above for the enantiomer to give the pyrrolizidine ent-32 (70 mg, 74%), as an oil, {aip
+34.8 (c 1.44, CHCl3), with NMR data as for 32; m/z (FAB) 248 (MH"*) (Found: C, 53.5; H, 8.7; N, 6.0.
C11H21NOs requires C, 53.43; H, 8.56; N, 5.66%)

(1R,2R,6R,7aR)-1,2.6-Trihydroxypyrrolizidine hydrochloride (ent-33) - The bis(methoxymethyl) derivative
ent-32 (60 mg) was treated as described above in the preparation of 33 to give the pyrrolizidine hydrochloride
(30 mg, 63%) as a pale tan solid, m.p. 116-117 °C, with NMR data as for the enantiomer [Found: M* (free
base) 159.0895. Calc. for C7H3NO3, 159.0895].

(2S,3a8,4S,5S)-Hexahydro-2-benzyloxycarbonylmethyl-4,5-bis(methoxymethoxy)pyrrolo[ 1,2-blisoxazole (36).
- A solution of nitrone 28 (1.08 g, 5.23 mmol) and benzyl but-3-enoate (35) (0.922 g, 5.23 mmol) in toluene
(20 cm3) was heated under reﬂux for 4 days The reSJdue after evaporatlon was chromatographed on q1hca
Wl[ﬂ emcr—unuenc (1 1

Ko (AND NALT 17 ¢
OH (4uu 1vum) 217 (

2.60 (1H, dd, / 15.8, 6.5, 2'- ) -
and 3.36 (each 3H, s, QM:,, 3.62 (IH, t_id, Jgem 12.6, l5v,5 6.1

H), 4.10 (1H, td, J56¢ ~ J5,68~ 6.1, J54 4.8, 5-H), 4.58 (1H, dq, J 8.3, 6.5, 6.5, 6.5, 2-H), 4.63-4.73 (4H,
2ABdd, OCH0), 5 12(2H, s, OCHzPh) 7.3-7.4 (5H, m, Ph); 5(; 38.3 and 39.9 (C-2', C-3), 55.5 (OMe),
59.1(C-6), 66.4 (OCH;,Ph), 69.1 (C-3a), 72.0 (C-2), 80.8 (C-5), 86.5 (C-4), 96.0 and 96.2 (OCH;0), 128.1,
128.2 and 128.5 (CH, Ph), 135.6 (g, Ph), 170.5 (C=0); m/z (El) 381 (M%), 336 (M*-CH,OMe) (Found: C,
59.6; H, 7.2; N, 4.0. C19H27NO7 requires C, 59.84; H, 7.09; N, 3.67%; Found: M* 381.1779. Calc. for

Ci19H727NO7, 381.1787).

L*
T A44 17 4 £ 1N 1~y Y
Gadaq, -lgem 1. U,Jja; UL,J_j(xjaJ U, 20 u;

) 365”” m, ?a—H) 396(]” tf~48 4-
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(18,28,7S,8a8)-7- ydroxy-1 L-ommemoxymemoxy)tnaonzza’in 5-one (37) - To a solution of cycloadduct 36
(0.571 8, 1.50 mm ; in aqueous acetic acid UUM, 8 LIIl") was added powaerea zinc (U 45g,7.0 mm01), and
the mixture was m 1ntamcd at 60 °C with stirring for 2 h. After cooling, the mixture was basified to pH 14 with
aqueous KOH solution and extracted into chloroform (4 x 50 cm3). The washed, dried chloroform extracts were

evaporated, and the residue was chromatographed on silica, with ethyl ace me-li

o N
Cinuilldat 2ie Vil wall Siiv PO C 1ang; \., g

as eluant, to afford the indolizidinone 37 (0.344 g, 83%), as a syrup, [oﬂ -41.5 (¢ 1.0, CHCI
3. 8 Jgg,(,ﬁ 1.6, 8p- H), 2.7 (lH brs, OH)2 80 (1H, ddd Jgeml? 3, J53,76 1 J6B,gﬁ 1 3 63-H), 3 35 (lH m, a-
H), 3.38 and 3.40 (each 3H, s, OMe), 3.62 (1H, dd, J 13.0, 7.3, 3-Ha), 3.66 (1H, dd, J 13.0, 5.6, 3-Hy), 3.85
(1H, dd, J 7.9, 5.6, 1-H), 4.05-4.15 (2H, m, 2-H, 7-H), 4.64-4.83 (4H, 2ABdd, J~ 6.9, OCH,0); 8¢ 36.2 and
40.6 (C-6, C-8), 48.0 (C-3), 55.6 and 55.7 (OMe), 57.9 (C-8a), 64.8 (C-7), 78.7 (C-2), 84.5 (C-1), 96.2 and
96.3 (OCH,0), 168.0 (C—O); m/z (EI) 275 (M), 230 (M*-CH20Me) (Found: C, 52.3; H, 7.3; N, 48.

C12H21NOg requires C, 52.35; H, 7.69; N, 5.09%).

n 37 (0.344 g,
25 ) at 0° C was added with stirring borane-methylsulfide complex (10 M in BH3,
62 c¢cm3, 6.2 _mol)= The m -___x_tmf_e was maintained at r. t. for 4 h, diluted with water (20 cm3) and extracted
with CH2Cl (4 x 40 cm3). The dried organic extracts were evaporated, and the residue was heated under reflux
in ethanol for 3 hr. After evaporation, chromatography on silica, with ethyl acetate-light petroleum-ethanol
(5:4:1) as elvant, gave the indolizidine 38 (0.310 g, 95%) as an oil, [a]p -30.6 (¢ 1.2, CHCI3); 6y (400 MHz)
1.44 (IH, q, J ~ 11.2, 8¢-H), 1.66 (1H, dq, Jgem=J60a,5p=J60,7=12.3, J 60,5a 4.5, 6¢-H), 1.87-1.98 (2H, m,
6p-H, 8a-H), 2.05 (1H, dt, Jgem = J sp,6a = 11.8, J 5p,6p 2.6, 5g-H), 2.2 (1H, br.s, OH), 2.26 (1H, m, 8p-H),
2.45 (1H, dd, Jgem 10.5, J3p,2 6.0, 3g-H), 3.01 (1H, d, Jgem 10.3, J3¢,2~0, 3¢-H), 3.03 (1H, ddd, J gem ~ 11.5,
J5“,m44J5m6ﬁ26 Sa-H), 3.39 (6H, s, O Me), 3.64 (1H, m, tt, / ~ 11, 11, 4.5, 4.5, 7-H), 3.81 (1H, dd, J| ga
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7.7, J12 1.8, 1-H), 4.06 (1H, dd, J23p 5.6, J2 1 2.0, 2-H), 4.64-4.79 (4H, 2ABdd, J 6.7, OCH,0); 8¢ 33.9 and
38.0 (C—6, C-8), 50.1 (C-5), 55.4 and 55.0 (OMe), 58.7 (C-3), 67.0 (C-8a), 69.1 (C-7), 80.6 (C-2), 86.9 (C-1),
95.2 and 95.7 (OCH30); m/z (FAB) 262 (MH™), 230 (PV{+'OPV{E), 216 (}vf’L-CHf)_OPvfe) [Found: MH" (FAB)
I167 1ARA Cale for O aHANOD:- DAY 16541
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(18,2S,7R,8a8)-1,2,7-Trihydroxyindolizidine hydrochloride (39). - A solution of the bistMOM) derivative 38
(0.10 g) in aqueous HC1 (6M, 2.5 cm?) was maintained at r.t. overnight, and then lyophilized. The residue was
evaporated twice with water (5 cm3), redissolved in water (5 cm3) and extracted with ethyl acetate (2 x 5 cm3).
The aqueous layer was evaporated to dryness, and then reevaporated with ethanolic HCl to give a solid which
was crystallised from ethanolic HCI - ether to give the triol hydrochloride 39 (60 mg, 75%), m.p. 178-180 °C,
[a]lp +19.9 (c 1.30, MeOH) {1it.22b for the free base, [a]p +2.1 (¢ 0.36, MeOH)}; Sy (400 MHz, D20) 1.39
(IH, q, J 11.6, 84-H), 1.53 (1H, dq, Jgem=J60,5p=J60,7=12.8, Jsa,50 4.6, 6¢-H), 2.01 (1H, m), 2.28-2.40
(3H, m) 2.87 (iH, dd, Jgem 11.5, /382 7.5, 3g-H), 2.93 (1H, dd, Jgem 11.8, g2 1.9, 3g-H), 3.12 (1H, ddd, J
11.8, 4.0, 2.5, 54-H), 370380(2H m), 413 417(1H m): 5L(IOOMHZ)325and358(C6 C-8), 49.8 (C-
Ay~ N

L£T YA QN £Q N TN "l 0’31 (0 1Y amn [ TRATIN 177A ARATTHN /D . RALT+ 174 112N
5), 594 (C 3), 67.2 (C-8a), 68.0 (C-7), 76.5 ( L)y 0L \U-1 ), MIVZ\FAD) I /4 (Vi1 j {FOUnNA: vin” 1/4.113U.
Calc. for CgHsNO3 174.1130).

(2R,3aR 4R 5R)-Hexahydro-2-benzyloxycarbonylmethyl-4,5-bis(methoxymethoxy)pyrrolo[ 1,2-blisoxazole (ent-
36). - The (3R,4R)-nitrone ent-28 (0.44 g, 2.15 mmol) and benzyl but-3-enoate (0.396 g, 2.20 mmol) were
treated as described above for the enantiomeric series to give the cycloadduct. ent-36 (0.427 g, 52%), [a]p
+2.8 (c 1.4, CHCI3), with NMR data as for the enantiomer (Found: C, 60.1; H, 6.8; N, 4.0. C;9H27NO~
requires C, 59.83; H, 7.13; N, 3.67%).

(1R,2R,7R,8aR)-7-Hydroxy-1,2-bis(methoxymethoxy)indolizidin-5-one (ent-37). - The cycloadduct ent-36

(0.280 g) and zinc powder (0.277 g) were processed as described above for the enantiomer to give the
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indolizidinone ent-37 (0.186 g, 92%) as an oil, [0t]p +48.3 (c 1.1, CHCl3), with NMR data as for 37 (Found: C

,,,,,,,,,

52.5;H, 7.3; N, 5.4. C12H21NOg requires C, 52.35; H, 7.69; N, 5.09%). .

(IR,2R,78,8aR)-7-Hydroxy-1,2-bis(methoxymethoxy)indolizidine (ent-38). - The indolizidinone ent-37 (0.300
g) and BH3.Me3S (10 M in BH3, 0.54 cm3) were processed as described above in the enantiomeric series to
give the indolizidine ent-38 (0.240 g, 84%) as an oil, [a]p +30.5 (¢ 0.82, CHCl3), with spectroscopic data as for
the enantiomer [Found: MH* (FAB) 262.1654. Calc. for C12H24NO5 262.1654].

(18,28,7R,8aS)-7-Imidazolylthiocarbonyloxy-1,2-bis(methoxymethoxy)indolizidine (40). - A solution of the
alcohol 38 (0.130 g, 0.5 mmol) and 1,1'-thiocarbonyldiimidazole (0.178 g, 1.0 mmol) in 1,2-dichloroethane (5
cm3) was heated under reflux for 2 h and then maintained at r.t. overnight. Evaporation, and chromatography of
the residue on silica, with ethyl acetate-light petroleum-ethanol (5:4:1) as eluant, gave the thiocarbonyl
compound 40 (0.153 g, 83%) as an oil, [a]p -8.5 (¢ 1.3, CHCl3); 8y 1.70 (1H, q, J~ 11, 8¢-H), 1.96 - 2.22 (4H,
m), 2.44 (1H, dd, Jgem 10.5, J382 5.9, 3g-H), 2.60 (1H, m), 3.10 (1H, d, Jgem 10.5, J3¢,2 ~0, 3¢-H), 3.16 (1H,
m), 3.35 (6H, s, OMe), 3.80 (1H, dd, J1 84 7.5, J) 2 1.8, I-H), 4.10 (1H, dd, J 38 5.5, J2,1 1.8, 2-H), 4.62 - 4.75
(4H, 2ZABdd, OCH;0), 5.43 (IH, m, 7-H), 7.00 (1H, dd, J 1.4, 0.9, 2"-H), 7.58 (1H, t,J 1.4, 4-H), 8.30 (1H, d,

ran T T a1 s oFE~N AN o PR N =

J0.9,5'-H); 3¢ 29.4 and 33.6 (C-6, C-8), 49.5 (C- a),aaa(ume),atsou, 3), 66.5 (C-8a), 80.5 and 80.9 (C-2,

C-7), 87.1 (C-1), 95.4 and 95.9 (OCH,0), 117.7 (C-2'), 130.6 (C-4"), 136.7 (C-5") 183.0 (C=S); m/z (FAB) 372
(MH*), 244 (M*-ImCSQ) (Found: MH* 372.1594. Calc. for C15H25N3058 372.1593).

(18,28,8a8)-1,2-Bis(methoxymethoxy)indolizidine (41). - To a solution of tributylstannane (0.284 cm3, 1.08
mmol) and AIBN (8 mg, 0.05 mmol) in toluene (8 cm3) at reflux was added dropwise over 1 h a solution of the
thiocarbonyl compound 40 (0.200 g, 0.54 mmol) in toluene (2.5 cm3). The mixture was heated under reflux for
a further 2 h and left to stand overnight. The residue after evaporation was partitioned between acetonitrile (5
cm3) and light petroleum (5 cm?3), and the petroleum layer was washed with further acetonitrile. The residue
after evaporation of the acetonitrile layers was chromatographed on silica, with ethyl acetate - methanol (10:1)
as eluant, to give the deoxygenated indolizidine 41 (63 mg, 53%) as a pale yellow oil; 8y 1.1 - 2.0 (8H, m), 2.40
(IH dd Jgem IU 5, J3[32 6.0, 5[3 H) 3.00 (lH d Jgem 10. 5 J3a, ~0, 3o-H), 3.05 (1H, m), 3.40 (6H, s, OMe¢),

i ! 2, 2-H), 4.6 - 4.8 (4H, 2ZABdd, OCH,0);
.7 (C-3), 68.7 (C-8a), 77.8 (C-2), 87.1 (C-
[Found: MH™ (CI) 246.1705, Calc. for

(18,28,8a8)-1,2-Dihydroxyindolizidine [(+)-lentiginosine, 4]. - A solution of the MOM derivative 41 (63 mg)
in aqueous HCI (6M, 3 cm3) was stirred overnight at r.t. The residue after evaporation was lyophilized twice
with water (2 x 3 cm3), dissolved in ethanol, and made basic with aqueous ammonia (30%). Evaporation, and
chromatography of the residue on silica, with chloroform-ethanol-aq. NH3 (30%) as eluant gave the diol 4 (25
mg, 60%), m.p. 107-108 °C (1it.26 106-107 °C), [a]p +1.7 (c 0.6, MeOH) {1it.26 [a]p +3.2 (¢ 0.27, MeOH)};
8y (D20) 1.12 - 2.01 (7H, m), 2.06 (1H, dd, J 11.3, 2.9), 2.60 (1H, dd, Jgem 11.4, J3p2 7.4, 3p-H), 2.79 (1H,
Jgem 11.4, 30,2 2.0, 3g-H), 2.90 (1H, dd, J 11.2, 2.0), 3.59 (1H, dd, J} a 8.8, J1 2 4.0, 1-H), 4.03 (1H, ddd, J

o o
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7.4, 4.0, 1.9, 2-H); oc (D20) 25.1 and 25.9 (C-6, C-7), 29.5 (C-8), 55.7 (C-3), 62.9 (C-3), 71.4 (C-8a), 77.8 (C-
2), 85.1 (C-}) (Fu‘uﬁu 1V{H+ 158.1181 Calc fui‘ CgH](,NOz 158. Hgl).

(1R,2R,78,8aR)-7-Imidazolyithiocarbonyloxy-1,2-bis(methoxymethoxy)indolizidine (ent-40). - The alcohol ent-
38 (0.175 g, 0.67 mmol) and 1,1'-thiocarbonyldiimidazole (0.239 g, 1.34 mmol) werc treated as described
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above in the enantiomeric series the give thiocarbonyl compound ent-40 (0.210 g, 84%) as an oil, [alp +6.85 (¢
1.6, CHCl3), with NMR data as for the enantiomer.

(1R,2R,8aR)-1,2-Bis(methoxymethoxy)indolizidine (ent-41). - Tributylstannane (0.241 cm3, 0.92 mmol), AIBN
(8 mg) and the thiocarbonyl derivative enz-40 (0.170 g, 0.46 mmol) were treated as described in the
enantiomeric series to give the deoxycompound ent-41 (55 mg, 49%), with NMR data as for the enantiomer
[Found: MH* (FAB) 246.1705. Calc. for C12H24NO4 246.1705].

71Ty ATY O _TYY 1t ™ e rs 47 la i PR W Fah O ¢ b | at 44 AL N
{(1R,2R,8aR)-1,2-Dihydroxyindoiizidine [{-)-ientiginosine, eni-4]. - The MOM derivative eni-41 (45 mg) in
nrrmnzie LI FEAA ™ a3\ cxrng mismmacoas A no Aacrsilhad alnsra € tha cermsmdlnsanme b vqtrm £ Tt ol e i Jann £ s AL
Ay uloud 1l \vivl, £ VLY } wad plUbebCU Ad> ULSLIIVCU dDUVL LUL ULC CHAIIUVLIICT O ZIVE (-)-ICHUEINUSUIC \Eni-9%)
(77 mao TAEYY mn 10A- lﬁ‘7 0(" (lvf 26 1 10700 Tevle 2308 (210 MaOH) 1426 vl 1 A (-0 DA
\LL llls, I\}/UI, lll-y- PIAVAV b il AV ¥ \.zl’ L\.hjl [O AV o) ‘_b 1., lVl\(Ull} 1lll.‘ L\AJ J 1.\7 \b U-LT’
MeOH)}, with NMR data as for the enantiomer.
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