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Absfrtact: Diastettmeleuive hetem Dils-Alder reactioas of sogar derived azanetbks h* have been used for 

the coosmction of chid piperidones 6 and 1. Contiguration of the major pmducts was 6J’dzreo in eveq case. 

The enone system of 6 and 2 was reduced diastereoselectively and subsequently swainsonine-analog 

hydroxyindolizidines 2&- p were pmpad by tm intmmolecdar reductive amhtion. 

INTRODUCTION 

Polyhydroxylated pynolidines, piperidines, indolizidines and quinolizidines can act as sugar mimics 
in various biological systems.2-4 Many compounds of this type show potent specific, competitive 
glycosidase inhibitory activities, too. Hydroxylated indolizidine alkaloids swainsonine 1 and 
castanospermine 2 have potential medicinal applications as antimetastatic~, antitumor6, immunoregulatory7 

and anti-III@~~ agents. A recent surge of activity into the synthetic chemistry of 1 and 2 and their analogs is 
also indicative of the importance of this area. lo-l3 Recently we have devised a new synthetic route to 
hydroxylated indolizidines via cyclocondensation of sugar azomethines with Danishefsky’s diene.14 In the 
present paper we describe a mote detailed study on that topic. 

Ho 
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METHODS AND RJZSULTS 

Our approach is based on the construction of a piperidine ring in a hetero Diels-Alder reaction of an 
axomethine 4, prepated from a chiial aldehyde 9 (preferably made from sugars), with the activated diene 5 
(Scheme 1). The configuration of the newly generated chiral center is determined by the aldehyde. 
Subsequently, a second, four to seven membered ring can be attached to the pipe&tine, bearing hydroxy 

substituents. 

Scheme I 

Since the pioneering work of Danishefsky and Kenvinls numerous examples have appeamd in the 
literatutel6-33 of heteto Diels-Alder reactions of axomethines with activated dienes. In recent years chiral 
versions of this reaction have also been studied using asymmetric esters22, amino acids23-30, a-alkoxy- 

aldehydes31932, or a chiral catalyst. 33 This reaction is usually denoted as a t4+2] cycloaddition but Kunz 
and Pftengh%25 postulated a tandem Mann&h and Michael reactions sequence. 

Chiral akoxy aldehydes a-& served as starting compounds for the present study. They were 
prepared using literature methods (See Table 1) except t which was synthesized from D-ribose mercaptals 
&39 or a@ using two alternative methods (Scheme 2). Kinetic monoisopropylidenation of Sa with 2,2- 
dimethoxypropane, using pyridinium-p-toluenesulfonate catalysti gave &. Similar transformation of & 
using 2-methoxypropene afforded !&.42 Benxylation (ule, ulb) and demercaptalixation led to a. 

R=Et 8b 9b lob 

a) DMP, Py-TsOH, acetone, rt, quaat. (for sp); cs 2-maboxypmpene, T.&H. acetone, it, 70% (for sb); b) NaH, BnBr, 

THF, Bm+ I-, 0°C to it, 9549%; c) HgO, H2O/IWF, BFyOEt2. rt, 64-70%. 

Scheme 2 
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AIdehyde&-& prepared according to the liter~34-38 ,weretreatedwithbenzylamineandthe 

intermediate azomethines 4p-& were allowed to react with 5 in the presence of Zinc Chloride to give 

mixtures of diastere0meric pyridones 4 aad 2 (Scheme 3, Table 1). 

,!=3 

40-g 
Scheme 3 

6a-g 

Li- solvent Ratio of diast. 6/2 Yield (%) 

THF O6f94 79 

34 

diOXane 17183 79 

34 THF 94iO6 80 

35 dioxane 67133 65 

c 0 

36 THF 9OAo 61 

THF 65l35 62 

e bB* 
M&N 95105 76 

37 dioxaae 14/86 77 

? FB’B” 

38 THF 20180 65 

Table 1 
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The configuration of the newly generated chiral center in the products could not be deduced from the NMR 
spectra because of free rotation around C-C bonds in the sugar side-chain. The stereosmtcture of the major 
product h from & and 5 could be determined as S using X-ray crystallography (Fig. ,I). 

Figure 1 

The CD-spectrum of Zp exhibited a strong negative Cotton effect at 300 nm (n+c* transition of the 

ketone). This is in good agreement with the theoretical work of Snatzke46 and with a similar result for the 

piperidone type alkaloid multiflorin47. According to these data the configuration at the 6-position of our 
cycloadducts could be determined on the basis of the sign of the Cotton effect of their spectra : if it is negative 
the configuration at C-6 must be S (series 7), if positive, the configuration must be R (series 6). 

Cyclocondensations of h-a proceeded with high diastereoselectivity. The configuration of the 
major products being 6,1’-rhreo. In the case of & the selectivity was increased when using acetonitrile 
instead of THF. The stereoselectivity of the cycloadditions can be rationalized by assuming chelate 
stabilization by Lewis acid used (Fig. 2). 

a a 
‘zi ; ‘.. 

RO 
N/Bu 

s NU 

H 
chain 

NU 

Figure 2 
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Next, & 68, $& & and & were allowed to react with sodium borohydride in ethanol (Scheme 
4). In all these cases fully diastereoselective reduction of the ring carbonyl was observed together with 

concomitant samration of the double bond. 
The configuration at C-4 in &2 was determined by an X-ray analysis (Fig. 3). For other derivatives 

this information could be deduced from the NMR spectra of the respective bicyclic end-products. The reason 
for the high diastereoselectivity observed in these reactions is under investigation. 

Fipre 3 

&, upon treatment with L-selectride gave rise to the saturated ketone J&24, subsequent reaction of 
the. latter with the same reagent resulted in 12, the 4-epimer of u. 

In order to construct the five-membered ring part of indoloxidine, shortening of the tetraoxybutyl 
side-chains of u-n was necessary. Partial hydrolysis of the terminal isopropylidene groups in fi and 12 
was performed under mild, acidic conditions to give JJJ and u respectively. Application of the same method 
to the ribo compound JJ resulted in the formation of a mixture of several products. Buchanan et al.36 
observed that D-ribose mercaptal gave on isopropylidination a 2,5:3,4_substituted product together with the 
expected 2,3:4,5-substituted compound. The former compound was formed under thermodynamic control. A 
similar rearrangement and subsequent partial hydrolysis can be assumed for u, too. Hydrolytic removal of 

the 4’S’-dioxolane group from 14.15 and 12 gave 20.21 and 22 respectively. Shortening of the side 
chains in s22 was achieved by glycol cleavage with lead(IV) acetate to give aa. The latter compounds 
were used for the next step without purification. 

Ring closure reactions in z-n were effected during catalytic hydrogenolysis. Ring closure reactions 

in the case of 22 and a were preceded by hydrolysis of the isopropylidene group followed by 
hydrogenolysis. Removal of the N- and 0- protective groups had also taken place accompanied by 
intramolecular reductive amination of the aldehyde function, giving rise to the expected swainsonine analogs 
28-32. 
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“C llR=R’=;Cw L a3 
_J 

28 - 

85% 13 R-R’-H 

a mixture of products 

14R=R’=‘c&, L 25 

2 OR=R’w$ 

“G 1 SRsR’= ,c&, L 26 . 
63% ZlR=g=R 

L =aY- 57% 
from 21 

31 

6e 
:, :* +--3Jm~ J-& 

27 
f 

96 

E 

l‘ R=R:Ch@ ;R’,R’.E0 32 

lx? 
17 R-R&Me, ;R’-I&R’=OH 
22 R-R’& ;R’=R,R*=OR 

d NflH4, EmK rt, 1611; W ~zO~ACCW 5o-55°C 121; c) Pb(OAc)q, F%Me, 30 min. ; d) H~O/CF~C~IQH, r.t., IO II 
e) H2/pd(C), AcOH, Mb ; f) L-Seleaide, ‘IT-IF, -78T, lh + r.t. 

Scheme 4 
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The structures of &a have been ascertained by NMR spectroscopy including NOE experiments. 

NOE results, determined by using 1D or 2D (NOESY) measurements, relevant to the structures and 

conformations of the end-products are portrayed in Figure 4. 

31 

Figure 4 

In the swainsonine analogs the hydroxy substituent of the six-membered ring is located at the C-7 
position. Our derivatives 28 and a are the fist representatives of this class of swainsonine analogs. 

Following our prehminary report14 two papers appeared on the synthesis of ;Za13c and a13d. 28 proved 
to be a moderate inhibitor of Lupinus luteus a-mannosidase (Ki = 4.75x10-4 M), while a inhibits B- 
glucosidase (Ki = 1.6x10-4 M). In their early work Colegate et aL43 supposed that the I-hydroxyl group is 

essential for biological activity. Our fmding are in contradiction with that postulate. Cenci di Bello et al.44 
and Wiier and Holan45 made attempts to find structum-activity relationships among swsinsonine analogs. 
The latter authors summarize the configurational requirements for a potent mannosidase inhibitor. They 
assume that topographical equivalents of the 2- and 3- hydroxyl groups in the D-mannose molecule have the 
greatest influence on inhibitor efficiency. According to this theory a would be a potent a-mannosidase 

inhibitor because its C-l and C-2 configurations are equivalent to the configurations at C-2 and C-3 of D- 
mannose. 3 is very similar also to swainsonine, configurations at C-l, C-2 and C-8a being the same in 1 
and 3. Rather surprisingly, we did not observe any a-mannosidase inhibitory activity of x against Jack 

bean or Lupinus luteus enzymes. Testing of other biological activities of our end-products is in progress. 

EXPERIMENTAL 

General. Adsorption chromatography was carried out using Kieselgel60 for TLC, precoated 
ahnninium-packed plates (Kieselgel60 F203, Merck) were used. Melting points were determined on a Kofler 

electric hot stage and were not corrected. Optical rotations were determined with a Perkin-Elmer 241 
polarimeter. LR. spectra were recorded on a Perkin Elmer 283 D spectrometer in KBr pellets. 1H and l3C 
NMR spectra were obtained with Bruker WP2OOSY, WP250, WP3UO and WP400 instruments. CI-MS 
spectra were recorded with a AEI SM-9 spectrometer using isobutane at 220°C, FAB spectra were obtained 
with an SM-80 instrument. X-Ray crystal Structure Determination : Data were collected on a CAD-4 Nonius 
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X-ray diffractometer, using graphite monochromated Cu Ku radiation and the 8 - 28 scan technique up to 
8= 65”. Reflections having I> 30(I), a(I) from counting statistics, were considered as observed , and kept in 

refinement calculations. The structures were solved by direct methods48 and refined by full matrix least - 
squares, minimizing the function Z w(Fo - Fc) 

Fc )2/ ZwFo2) 1’2 

2 49 with w= l/&Fo)+ 0.002070 Fo2 and Rw= (Zw(Fo- 

. Difference Fourier maps showed all the hydrogen atoms. They were idealized (d C-H = 

1.00 A) and affected an isotropic thermal factor equivalent to that one of the bonded atom. plus 10%. 

4,J-Q-Isopropylidene-D-ribose di-a-propyl-dithioacetal (94). To a suspension of Ba 
(17.0 g, 60 mmol) in acetone (600 ml) 2,2-dimethoxypropane (14.7 mL, 120 mmol) and pyridinium p- 
toluenesulfonate (0.75 g, 3 mmol) were added under stirring. The agitation was continued for lh until all of 
the starting material was dissolved. The reaction mixture was neutralized by the addition of saturated 
NaHC@ solution (20 mL) and evaporated to dryness. The residue was extracted with CH2Cl2 (400 mL), 
the organic phase was washed with NaHC03 and evaporated affording !$t as a syrup (21 g). pure enough for 
the next reaction step. A small sample was purified by chromatography (hexane-ethyl acetate 8 : 2). Oil, [u]D 
+16.6 (c 2.12, CHCl3). mass spectrum (E.I.): m/z 324 @4+X lH NMR (200 MHz, CDC13) 6 4.43-3.65 

(m, 6H, H-l to H-5a,5b), 2.75-2.50 (m, 4H, 2 SCH2), 1.45 and 1.37 [2s. 6H. C(CH3)2]. Anal. Calcd for 
Cl4H2804S2 : C, 51.82; H. 8.70; S, 19.76. Found : c, 51.60; H, 8.67; S, 19.88. 

4,5-Q-Isopropylidene-D-ribose diethyl-dithioacetal (9b). A solution of Sa (13.0 g, 50.7 
mmol) in acetone (350 mL) was treated with 2-dimethoxypmpene (15 mL, 157 mmol) andptoluenesulfonic 
acid (96 mg) for 1.5h. After neutralizing with triethylamine. the mixture was evaporated and the residue was 
chromatographed using CH2C12 as eluent affording 10.5g (70%) of Z!lz. Oil, [a]D +13.8 (c 1.0, CHC13), 
mass spectrum (C.I.): m/z 297 (M+ + H), lH NMR (200 MHz, CDC13) 6 4.45-3.65 (m, 6H, H-l to H- 
5a,5b), 2.80-2.60 (m, 4H, 2 SCH2), 1.43 and 1.38 [2s, 6H, C(cH3)2]. Anal. Calcd for Cl2H2404S2 : 

C, 48.62; H, 8.16; S, 21.63. Found : C, 48.52; H, 8.18; S, 21.78. 

2,3-di-Q-Benzyl-4,5-Q-isopropylidene-D-ribose dl-a-propyl-dithioacetal (10a). h 

(20.14 g, 62 mmol) was bcnzylated at 0°C with benzyl bromide (15.5 mL, 130.3 mmol), sodium hydride 
(7.2 g 50% in oil, 150 mmol) and tetrabutylammonium iodide (1.16 g) in THF (130 mL) for 2h. Methanol 
(8 mL) was added then CH2C12 (100 mL); the mixture was filtered, evaporated, the residue was extracted 
with CH2Cl2. This organic solution was washed with water and the product was purified by 
chromatography giving rise to && (30.5g ,98.4%). Oil, [a]D +32.8 (c 1.1, CHC13), mass spectrum (E.I.): 
m/z 504 (M+), lH NMR (200 MHz, CDC13) 6 7.3 (m, lOH, 2 Ph), 4.77 and 4.76 (2 q, 4H, OCH2Ph), 

4.53-3.57 (m, 6H, H-l to H-5a,5b), 2.6 (m, 4H, 2 SCH2), 1.42 and 1.33 [2s, 6H, C(CH3)2]. Anal. 
Calcd for C2gH40O4S2 : C, 66.63; H, 7.99; S, 12.70. Found : C, 66.61; H, 8.03; S, 12.69. 

2,3-di-Q-Benzyl-4,5-Q-isopropylidene-D-ribose diethyl-dithioacetal (lob). & was 

treated as just described. Yield: 95%, Oil, [a]D +43.6 (c 1.1, CHC13), mass spectrum (C.I.): m/z 477 (M+ 
+ H), 1H NMR (250 MHz, CDC13) 6 7.3 (m, lOH, 2 Ph), 4.9-4.6 (2q, 4H, OCH2Ph), 4.45 (td, lH, J4,5 

= 9 HZ, J3,4 = 4 HZ, H-4), 4.20 (dd, lH, J2,3 = 6.6 Hz, H-3), 4.11 (d, lH, J1,2 = 6.6 Hz, H-l), 3.95 (t, 
lH, J4,5 = J5,5’ = 9 HZ, H-5), 3.80 (t. IH, J4,5 = J5,5’ = 9 Hz, H-S), 3.72 (t, lH, Jl,2 = J2,3 = 6.6 
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CHC13), maas spectrum (CL): m/z 388 (I@ + II). Ihe lH and l3C NMR spectra are superposable with 
those of Za. Anal. Calcd for C22H2gN05 : C, 68.19; H, 7.W N, 3.62; 0.20.64. Found : C, 68.25; H, 

7.66; N. 3.62; 0, 20.58. 

~-Benzyl-(6~1’5;2’&3’5)-6-(1’,2’:3’,4’-di-Q-isopropylidene-l’,2’,3’,4’-tetra- 
hydroxy-1’.butyl)-2,3-didehydropiperidine-4-one (7b). [u]D -40.1 (c 1.2, CHC13). The lH and 

13~ NMR spectra are superposable with those of 6a 

K-Ben~yl-(6&1’~2’&3’a)-6-(1’,2’:3’,4’-di-Q-isopropylidene-1’,2’,3’,4’-tetra. 
hydroxy-1’.batylj-2,3-didehydropiperidine-4-one (SC). A mixture of 4s. and & was crystallized 
from hexane-ether to 8ive 6~ m.p. 80-84T. [a]~ +163.7 (c 1.58, CHC13), mass spectrum (C.I.): m/z 388 

(M+ + H), lH NMR (200 MHZ, CIX13) 6 7.3 (m, 5H. phenyl), 7.12 (d. lH, J2,3 = 7 Hz, H-2), 4.98 (d. 
lH, J2,3 = 7 Hz, H-3), 4.66 (m, lH, H-6). Anal. Calcd for C22H2gN05 : C, 68.19; H. 7.54; N, 3.62. 

Found : C, 68.12; H, 7.62; N, 3.90.2 is not available in a pure form. 

~-Benzyl-(6&l~‘~2’&3’8)-6-(1’,2’:3’,4’-di-Q-iso~ropylidene-l’,2’,3’,4’-tetr~- 
hydroxy-1’.butyl)-2,3-didehydropiperidine-4.one (6d). m.p. 151-152“C, [a]~ +268.1 (c 0.88, 
CHC13), mass spectrum (RI.): m/z 387 (A@). lH NMR (300 MI-Ix. CDC13) 6 7.3 (m, 5H. Ph), 7.0 (d, 
IH, J2,3 = 7.5 Hz, H-2). 4.95 (d, J2,3 = 7.5 Hz, lH, H-3), 4.90 (m, lH, H-l’), 4.80-4.50 (dd, W, 

JA,B = 10 Hz,-CmPh)? 4.11 (m, lH, H-4’), 3.95 (m, 2H. H-2, H-3’). 3.85 (m, 2H, H-2, H-4’). 2.80 

(m, lH, H-Sax), 2.40 (m, lH, H-5e.q). l3C NMR (65 MHz, CDC13) 6 190.7 (C-4). 152.7 (C-2), 96.6 (C- 

3). 78.2 (C-2’), 74.3 (C-l’), 72.8 (C-3’). 68.1 (C-4’). 54.5 (C-6). 38.2 (C-5). Anal. Calcd for 
C22H2gN05 : C, 68.19; H, 7.54; N, 3.62; 0, 20.64. Found : C.68.34; H, 7.71; N, 3.65; 0. 20.48. 

~-Benzyl-(6~1’~2’%3’a)-6-(1’,2’:3’,4’-di-Q-isopropylidene-l’,2’,3’,41-tetra- 
hydroxy-1’.bntyl)-2,3-didehydropiperidine-Cone (7d). [a]D -87 (c 0.86. CHC13), 1~ NMR 
(250 MHz, CDC13) 6 7.4 (m, 5H, Ph), 7.0 (d. 1H. J2,3 = 8 Hz. H-2). 5.0 (d, lH, J2,3 = 8 Hx, H-3), 4.45 

(m, 1H. H-l’), 2.70 (ml lH, H-Sax), 2.50 (m, lH, H-Se@. l3C NMR (65 MHz, CDC13) 6 190 (C-4). 

152.8 (C-2), 97.2 (C-3). 78.9, 77.4, (C-2’. C-l’), 73.3 (C-3’), 68.6 (C-4’), 54.3 (C-6), 37.0 (C-5). Anal 
Calcd for C22H2gN05 : C, 68.19; H, 7.54; N, 3.62; 0. 20.64. Found : C. 68.33; H. 7.85; N, 3.56; 0, 

20.79. 

~-Benzyl-(6&1’~,2’5;3’H)-6-(1’,2’-di-Q-benzyl-3’,4’-Q-isopropy~idene- 
1’,2’,3’,4’-tetrahydroxy-l1-butyl)-2,3-~dehydropipe~~ne-4-one (6e). [a]D +129.4 (c 1.50, 
CHC13). mass spectrum (FAR): m/z 534 (M+ + Li). 1H NMR (200 MHz, CDC13) 6 7.3 (m, 15H, 3 Ph), 
6.90 (d, lH, J2,3 = 7 Hz, H-2), 4.90 (d. lH, J2,3 = 7 Hz, H-3). 3.53 (m, lH, H-6). 2.68 (m. lH, H- 
5eq), 2.25 (m, lH, H-Sax), 1.29 and 1.23 [2s, 6H, C(CH3)2]. Anal. Calcd for C33H37N05 : C, 75.11; 

H. 7.07; N, 2.65. Found : C, 75.08; H. 7.12; N, 2.55. 

~-Benzyl-(6&1’~,2’&3’8)-6-(l1,2’-di-Q-benzyl-3’,4’-Q-isopropylidene- 
1’,2’,3’,4’-tetrahydroxy-l’-butyl)-2,3-didehydropipe~dine-4-one (7e). The 6s isomer could 
not be isolated in pure form. The ratio of diastereoisomers & and & could be deduced from the NMR 
spectrum of their mixture : (6.99, d, lH, J2,3 = 7 Hz, H-2). 
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~-Benzyl-(6&l’&2’S)-6-(1’,2’-dibydroxy-3,3’-bis-ethyltbio-1’,2’-Q-iso- 

propylidene-l’-propyl)-2,3-didehydropipe~d~ne-Cone (611). [a]~ +99.2 (c 0.93, CHC13). 1H 

NMR (200 MHz, CDC13) 6 7.4 (m. 5H, Ph), 7.17 (d, lH, J2,3 = 7 Hz. H-2). 4.97 (d, lH, J2,3 = 7 Hz, 

H-3), 3.80 (d, lH, J21.3’ = 6 Hz, H-3’). 1.46 and 1.45 [2s, 6H. C(CH3)2]. Anal. Calcd for 

C22H3lN03S2 : C, 62.67; H, 7.41; N, 3.32. Found : C, 62.52; H, 7.29; N, 3.29. 

~-Benzyl-(6&1’&2’S)-6-(1’,2’-dihydroxy-3,3’-bis-ethylthio-l’,2’-Q-iso- 

propylidene-l’-propyI)-2,3-didehydropipe~~oe-4-ooe (71). [a]~ -96.0 (c 1.23, CHC13). 1~ 

NMR (200 MHz, CDC13) 6 7.4 (m, 5H, Ph), 7.11 (d. lH, J2,3 = 7 Hz, H-2). 4.97 (d, lH, J2,3 = 7 Hz, 

H-3), 3.83 (d, lH, J21.3’ = 6 Hz, H-3’), 1.42 and 1.51 [2s, 6H. C(CH3)2]. Anal. Calcd for 

C22H3lN03S2 : C, 62.67; H, 7.41; N, 3.32. Found : C. 62.65; H, 7.37; N, 3.25. 

~-Benzyl-(6~,1’~2’&3’B)-6-(1’,2’,3’-tri-Q-beozyl-4’,4’-bis-ethylthio-l’,2’,3’- 

trihydroxy-l1-butyl)-2,3-didehydropiperidioe-4-one (6g). [a]~ +40 (c 0.80, CHC13). mass 

spectrum (FAR): m/z 682 (M+ + H). 1~ NMR (200 MHz, CDC13) 6 7.3 (m, 2OH, 4 Ph), 6.80 (d, lH, J2,3 

= 7 Hz, H-2), 5.0 (d, lH, J2,3 = 7 Hz, H-3). 2.15 (m, lH, H-Sax), 2.0 (m, lH, H-Se@. Anal. Calcd for 

C4lH46NOqS2 : C, 72.31; H, 6.82; N, 2.06. Found : C. 72.35; H, 6.88; N. 2.15. 

~-Benzyl-(6~1’&2’&3’B)-6-(1’,2’,3’-tri-Q-beozyl-4’,4’-bis-ethylthio-l’,2’,3’- 

trihydroxy-l’-butyl)-2,3-didehydropiperidioe-Cone (7g). [CX]D -205 (c 0.95, CHC13). mass 

spectrum (FAR): m/z 682 (M+ + I-I). 1~ NMR (200 MHz, CDC13) 6 7.3 (m, 2OH, 4 Ph), 6.90 (d, lH, J2,3 

= 7 Hz, H-2), 4.90 (d, lH, J2,3 = 7 Hz, H-3), 3.90 (m, 2H, H-2’. H-3’). 3.71 (d, lH, J3’,4 = 3 Hz, H- 

4’), 3.42 (m, lH, H-2), 2.84 (m, 4H, 2-!XH2CH2C&3), 2.20 (m, lH, H-Seq), 2.0 (m, lH, H-Sax). . 
Anal. Calcd for C4lH46NOqS2 : C, 72.31; H, 6.82; N, 2.06. Found : C, 72.18; H, 6.89; N, 2.10. 

General procedure for sodium borohydride reduction of (6) and (7). A stirred solution 

of 6 or 1 (lmmol) in abs. ethanol (10 mL) was treated with 10 mmol of NaRH4 for 16 h. Saturated 

NaHCO3 was then added (2 mL) and the mixture was evaporated to dryness. The residue was extracted with 

CH2Cl2, washed with water and dried (MgS04). The extract was purified by column chromatography using 

hexaneethyl acetate as eluant. 

~-Beozy1-(2&4R,1’~,2’&3’R_)-2-(1’,2’:3’,4’-di-Q-isopropy1ideoe-1’,2’,3’,4’- 

tetrahydroxy-l’-butyI)-4-hydroxypiperidine (11). Yield 92%. m.p. 95-97’. [CZ]D +35 (c 1.20, 

CHC13), mass spectrum (C.I.): m/z 392 @I+ + H), 1H NMR (400 MHz, CDC13) 6 7.40 (m, 5H, Ph), 4.5 

(t, lH, Jll,21 = 6 Hz, H-l’), 3.2 (m, lH, H-6ax), 2.85 (m, lH, H-2). 2.45 (m. 1H. H&q), 2.1 (m, lH, 

H-6ax), 1.82 (m, lH, H-Sax), 1.7 (m, lH, H-3@. 13C NMR (65 MHz, CDC13) S 82.3, 79.3, 77.8 (C-l’, 

2, 3’), 68.0 (C-4), 66.1 (C-4’), 58.7 (C-2), 43.8 (C-6), 32.0, 29.2 (C-3, 5). Anal. Calcd for C22H33N05 

: C, 67.49; H, 8.49; N; 3.59; 0, 20.43. Found : C, 67.75; H, 8.56; N, 3.57; 0, 20.17. 

~-Benzy1-(2~4~,1’~,2’~3’~-2-(1’,2’:3’,4’-di-Q-isopropylidene-1’,2’,3’,4’- 

tetrahydroxy-l’-butyI)-4-hydroxypiperidine (12). Yield 90%. [a]~ -40.2 (c 0.98. CHC13), mass 
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spectrum (C.I.): m/z 392 (M+ + H); The NMR spectra of 12 are the same as for U. Anal. Calcd for 
C22H33N05 : C, 67.49; H, 8.49; N. 3.59; 0, 20.43. Found : C, 67.45; H, 8.47; N, 3.63 N, 3.59;; 0, 

20.42. QysQUak: C22 H33 N05, Mw = 391.51. triclinic, P 1, a= 7.893 (a), b= 9.032 (5), c= 9X4(6) 

A,u= 109.26(4). p= 100.74(4), -I= 109.55(4) O, V= 553.3(S) k3. de= 1.175 g cmq3, Z= 1, h (Cu Ku)= 

1.5418 A, F(OOO)= 208, t.t= 5&m-’ (absorption ignored). 1875 measured reflections, 1582 observed. R= 

0.040, Rw= 0.056. w= l/&Fo)+ 0.00207 Fo2. No residual higher than 0.36 eAe3 in the fmal difference 

map. 

~-Benzyl-(ZR,4S,1’/2’S,3’a)-2-(1’,2’:3’,4’-di-Q-~sopropylidene-l’,2’,3’,4’- 
tetrphydroxy-l’-butyl)-4-hydroxypiperidine (13). Yield 77%, [u]D +15.8 (c 0.93, CHC13), mass 

spectrum (C.I.): mlz 392 (M+ + H), 1H NMR (200 MHz, CDC13) 6 7.30 (m, 5H, Ph), 4.55 (m lH, H-l’), 

3.30 (m, lH, H-6ax), 3.00 (m, IH, H-2). 2.55 (m. lH, H-Sax) .13C NMR (50 MHz, CDC13) 6 79.2, 

78.4, 73.0 (C-l’, 2, 3’), 68.3 (C-4), 68.1 (C-4’), 57.1 (C-2), 47.0 (C-6), 33.1, 29.6 (C-3, 5). Anal. 

Calcd for C22H33N05 : C, 67.49; H, 8.49; N. 3.59; 0, 20.43. Found : C, 67.35; H, 8.29; N, 3.69; 0, 

20.47. 

K-Benzyl-(2&4S,1’&2’~3’B)-2-(1’,2’-di-Q-benzyl-3’,4’-Q-isopropylidene- 
1’,2’,3’,4’-tetrahydroxy-l’-botyl)-4-hydroxyp~perid~ne (14). Yield 95%, [u]D +11.7 (c 1.91, 

CHC13). mass spectrum (FAR): m/z 532 @I+ + I-I), lH NMR (250 MHz, CDC13) 6 7.30 (m, 15H, 3 Ph), 

4.42 (m. lH, H-3’), 4.25 (m. lH, H-2’). 4.10 (m, IH, H-4’a), 3.85 (m, 2H, H-l’, H-4’b). 3.6 (m, lH, 
H-4), 2.80 (m, lH, H&q). 2.63 (m, lH, H-2), 2.1 (m, 2H, H-5, H-6ax). 13C NMR (50 MHz, CDC13) 6 

81.5 (C-l’), 78.5 (C-2’). 77 (C-3’), 69 (C-4). 64.7 (C-4’). 60.2 (C-2), 48.7 (C-6), 34.2 (C-3). 31.9 (C-5). 

Anal. Calcd for C33H4lN05 : C, 74.55; H, 7.77; N, 2.63. Found : C, 74.67; H, 7.87; N, 2.68. 

K-Benzyl-(2~4R,1’&2’~3’8)-2-(1’,2’-di-Q-benzyl-3’,4’-Q-isopropylidene- 
1’,2’,3’,4’-tetrohydroxy-l’-butyl)-4-bydroxypiperidine (15). Isolated after reduction of the 65 : 
35 mixture of 6e + 2~ obtained in THF (see Table 1). [U]D +0.7 (c 0.88, CHC13), 1H NMR (300 MHZ, 

CDC13) 6 7.30 (m, 15H. 3 Ph), 4.90-4.61 (m, 4H. 2-OCH2Ph), 4.25 (m, lH, H-2’), 4.00 (t. IH, J2,3* = 

J3’,4’ = 3.5 Hz, H-3’). 3.60 (m. IH, H-4), 2.9 (m, lH, H-6ax). 2.6 (m, IH, H-2), 2.1 (m, 2H, H-S, H- 
6eq), 1.9 (m, lH, H-3), 1.6 (m, 2H, H-3, H-5). 13C NMR (50 MHz, CDC13) 6 68.8 (C-4). 65.7 (C-4’), 

60.3 (C-2), 48.7 (C-6), 32.5 and 31.1 (C-3, C-5). Anal. Calcd for C33H4lN05 : C, 74.55; H, 7.77; N, 

2.63. Found : C, 74.65; H, 7.88; N, 2.53. 

1’,2’,3’,4’-tetrahydrory-l’-butyl)-piperidine-4-one (16). A solution of 6e (1.84g, 3.5 mmol) in 

35 mL of dry THF under argon was cooled to -78°C and L-Selectride (4.0 mL of a 1.0 M solution, 4.0 

mmol) was added in 5 min. The reaction mixture was stirmd at that temperatute for lh, and was allowed to 

warm up to room temperature. The solution was quenched by slow addition of 2 mL of water. Ethanol (15 

mL) and KOH (250 mg, 4.5 mmol) were added, the mixture was cooled to O’C, and 30% H202 (1.6 mL, 

15.5 mmol) was slowly added (30 min). The reaction was stirmd at ambient temperature for 3h, the volatile 

components were removed at reduced pressure and the residue was dissolved in 200 mL of ether and the 

ether phase was washed thoroughly with 4% of aqueous triethanolamine solution (50 mL) and brine (2 x 30 
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mL), dried (K2CO3) and purifii by column chromatography (hexane-ethyl acetate 4 : l-+3 : 2) to give 1.36 

g (74%) of L6. [a]D +21.5 (c 0.92, CHCl3). mass spectrum (C.I.): m/z 530 (M+ + H). 1H NMR (300 

MHz, CDCl3) 6 4.56 (m, 1H. H-3’). 4.76 and 4.53 (2q. 4H. J&B = 10 Hz, OCH2Ph). 4.17-3.92 (m, 3H, 

H-2’, H-4’a,4’b), 3.54 (m. 2H, H-2, H-l’), 3.34 (m, lH, H-6). 2.86 (m, 1H. H-6), 2.69 (m, lH, H-3). 
2.46 (m, lH, H-5). 2.34 (d, lH, H-3). 2.17 (m, IH, H-5). l3C NMR (65 MHz, CDC13) 6 208.4 (C-4), 

83.6 (C-l’), 79.4 (C-2’). 76.5 (C-3’). 65.3 (C-4’). 62.3 (C-2), 46.4 (C-6). 40.8 (C-3), 36.9 (C-5). Anal. 

Calcd for C33H3gN05 : C, 74.83; H, 7.42; N, 2.64. Found : C, 74.51; H, 7.41; N, 2.60. 

~-Benzyl-(2&4&1’&2’&3’8)-2-(l1,2’-di-Q-benzyl-3’,4’-Q-isopropylidene- 

1’,2’,3’,4’-tetrabydroxy-l1-butyl)-4-hydroxypipe~~ne (17). The ketone 15 (1.36 g, 2.6 mmol) 
was treated with L-Selectride as describe above. Yield : 1.32 g (96%). [a]D +16.4 (c 0.83, CHCl3), mzss 

spectrum (C.I.): m/z 532 (M+ + H). lH NMR (300 MHz. CDC13) 6 7.3 (m. 15H, 3 Ph), 4.36 (m, lH, H- 

3’), 4.17-3.97 (m, 3H, H-2’, H-4’a,4’b), 3.92-3.68 (m, 4H, H-4, H-l’, NCH2Ph), 3.12 (m, 1H. H-2), 

2.63 (m, 2H, H-6), 1.73 (m, 2H, H-3eq,3ax). 1.66 (m, lH, H-5). 1.50 (m, lH, H-5). 13C NMR (75 
MHz, CDC13) 6 80.5 (C-l’), 79.9 (C-2’). 76.5 (C-3’), 65.7 (C-4,). 65.5 (C-4). 59.2 (C-2). 44.5 (C-6), 

33.6 (C-3), 31.5 (C-5). Anal. Calcd for C33H4lN05 : C, 74.55; H, 7.77; N, 2.63. Found : C, 74.72; H. 

7.83; N, 2.70. 

General method for the partial hydrolysis of the 3’,4’-Q-isopropylidene group in 

(11)-(S) and (17). 1 g of products U-U and U was dissolved in acetic acid (42 mL), 14 mL of water 

was added and the mixture was kept at 5O’C. The reaction was followed by T.L.C. When all of the starting 

material had disappeared it was evaporated to dryness. The residue was dissolved in methanol and was 

treated with Serdolit Blue anion exchange resin (OH- form). After filtration, the methanol was evaporated 

and the product was purified by column chromatography using a CH2Cl2-MeOH mixture as ehrent 

~-Benzyl-(2~4&1’&2’~,3’~-2-(1’,2’-Q-isopropylidene-l’,2’,3’,4’-tetra- 

hydroxy-l’-butyl)-4-hydroxypiperidine (18). Yield 85%. m.p. 38-41°C. [a]D -41 (c 1.20, 

CHC13), lH NMR (400 MHz, CDC13) 6 7.40 (m. 5H, Ph), 4.45 (t. lH, Jl*,2, = J2,,3, = ~Hz, H-l’), 

4.30 0% H-I, H-4), 4.05 (t. lH, J1,,2, = J2,,3, = 7Hz, H-2’). 3.81 (m, lH, H-4,), 3.72 (m, 3H, 

-NGW’h, H-4), 3.61 (m, lH, H-3’), 3.40 (m, lH, H-S@, 3.5 (m, lH, H-2), 2.80 (m, 1H. H&q), 2.36 

(m, lH, H3eq), 2.1 (m, lH, H-Sax), 1.4 (s, 6H, 2 CH3). Anal. Calcd for ClgH2gN05 : C, 64.93; H, 

8.32; N, 3.99. Found : C, 65.11; H, 8.47; N, 3.78. 

~-Benzyl-(2&4&1’&2’&3’S)-2-(1’,2’-Q-isopropylidene-l’,2’,3’,4’-tetra- 

hydroxy-l’-butyl)-4-hydroxypiperidine (19). Yield 8096, m.p. 38-40°C. [cz]D +33.2 (c 1.07, 

CHC13), mass spectrum (C-1.): m/z 352 (M+ + H). The NMR spectra were the same as for U. Anal. Calcd 

for ClgH2gN05 : C, 64.93; H, 8.32; N, 3.99. Found : C, 64.83; H, 8.52; N, 3.89. 

K-Benzyl-(2R,4&1’&2’~,3’B)-2-(1’,2’-di-Q-benzy1-1’,2’,3’,4’-tetrahydroxy-1’- 

butyl)-4-hydroxypiperidine (20). Yield 73%, [a]D -4.3 (c 0.86, CHCl3), mass spectrum (C.I.): tn./z 

492 (I@ + H). lH NMR (300 MHz, CDC13) 6 7.30 (m, 15H. 3 Ph), 4.90-4.30 (m, 4H, 2-OCI-&Ph), 4.01 

(m, lH, H-3’), 3.80-3.60 (m, 6H, H-l’, H-4, 2H-4’. -NCH2Ph). 3.32 (m. 1H. H-27, 3.10 (t, lH, H- 

em), 2.83 (s, lH, H-2). 2.55 (m, lH, H&q). 2.03 (m. lH, H-3ax), 1.73 (m, lH, H-Sax), 1.60 (m, lH, 
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HJeq), 1.40 (m, lH, H&q). 13C NMR (50 MHz, CDC13) 6 84.2, 82.0 (C-l’, C-2’), 69.2 (C-3’), 64.9, 
63.6 (C-4, C-4’), 57.9 (C-2), 45.2 (C-6), 30.9 (C-3). 26.7 (C-5). Anal. Calcd for C30H37N05 : C, 73.29; 

H, 7.59; N, 2.85. Found : C, 73.19; H, 7.48; N, 2.75. 

~-Benzy1-(2&4&1’&2’&3’~-2-(1’,2’-di-Q-benzyl-1’,2’,3’,4’-tetrahydroxy-1’- 

butyl)-4-hydroxypiperidine (21). Yield 63%, [a]D -1.4 (c 0.79, CHC13). mass spectrum (C.I.): m/z 
492 (M+ + H). lH NMR (200 MHz, CDCl3) 6 7.30, (m, 15H, 3 Ph), 4.90-4.60 (m, 4H, JA,B = 10 Hz, 2- 

OCff2Ph), 4.10 (d, lH, JAB = 10 Hz, -NC&Ph), 3.31 (d, lH, JA,B = 10 Hz, -NCfIzPh), 2.92 (m 2H, 

H-2, H-6ax), 2.20 (m, lH, H-6eq), 2.05 (m, lH, H-3), 1.70 (m, 2H. H-3, H-5), 1.55 (m, lH, H-5). 
Anal. Calcd for C30H37N05 : C, 73.29; H, 7.59; N, 2.85. Found : C, 73.19; H, 7.48; N, 2.88. 

~-Benzyl-(2&4~l’~,2’&3’a)-2-(1’,2’-di-Q-benzyll’,2’,3’,4’-tetrahydroxy-l’- 

butyl)-4-hydroxypiperidine (22). Yield 83%, [U]D -15.1 (c 0.77, CHC13), mass spectrum (C.I.): m/z 
492 (M+ + H). lH NMR (300 MHz, CDc13) 8 7.30 (m. 15H, 3 Ph), 4.20 (m, lH, H-4), 3.90 (m, IH, H- 

3’), 3.85-3.60 (m, 5H, H-l’, H-4, NCH2Ph), 3.35 (m, lH, H-6), 3.10 (m, lH, H-2’), 2.78 (m, lH, H- 

6), 1.80-1.40 (m, 4H, H-3, H-Scq,Sax). 13C NMR (75 MHz, CDC13) 6 86.1, 83.4 (C-l’, C-2’), 68.5 (C- 

3’), 65.4,64.1 (C-4, C-4’), 58.1 (C-2), 47.5 (C-6), 32.7 (C-3), 28.2 (C-5). Anal. Cslcd for C3OH37N05 : 

C, 73.29; H, 7.59; N, 2.85. Found : C, 72.95; H, 7.65; N, 2.89. 

General method for obtaining indolizidines (28).(32). A stirred solution of compounds 
U-2 (1.8 mmol) in dry toluene (50 mL) was treated with lead (IV) acetate (2.0 mmol) for 30 min. The 
mixture was washed with 0.5 M NaOH solution and brine, successively. After drying with MgS04, the 

products 2-Z were used for next operation without purification. The isopropylidene group of 2 and 24 
was then removed by dissolving the compounds in 80% aqueous trifluoroacetic acid and keeping at room 
temperature for 10 hours. After evaporation these hydrolysates and the intermediates 2-a were transformed 
into the end-products 28-3 by hydrogenolysis in acetic acid (15 mL) using equal amounts of palladium on 
carbon (10%) as catalyst for 16 hours. At the end of the reactions, the mixtures were filtered through a celite 
pad, evaporated to dryness. The residue was dissolved in methanol and the solution was treated with Serdolit 
Blue resin (OH- form). After evaporation the product was purified by column chromatography using toluene- 
MeOH or CH2Cl2-MeOH-NH3 aq. as ehtent. 

(18,2B,7B,8aS)-1,2,7-Trihydroxy-octahydroindolizine (28). Yield 54%, [o~]D +11 (c 

0.86, MeOH), msss spectrum (C.I.): m/z 174 (M+ + H). 1~ NMR (200 MHz, D20+DCl, pH 2) 6 4.38 

(dd’ 1H’ J2,3ax = 6.5 HZ, J2,3cq = 3.2 HZ, H-2), 4.2 (d, lH, Jl,ga = 2.9 HZ, H-l), 4.09 (m, lH, H-7), 
4.04 (dd, lH, J3ax,3eq = 13 HZ, H-3ax), 3.7 (ddd, lH, J5ax,5eq = 12.9 HZ, J5eq,6ax = 4.7 HZ, J5eq,6eq 
= 2.1 Hz, H-Seq), 3.51 (td, lH, Jgaxga = 12.5 Hz, J8, ax8eq = 2.7 Hz, H-8a), 3.17 (m, lH, J5ax6ax = 

13 Hz, H-Sax), 2.91 (m. IH, H-3), 2.34 (m, lH, H-8eq), 2.24 (m, lH, Hdeq), 1.79 (m, lH, H-6ax), 
1.67 (m, lH, H-lax). Anal. Calcd for CgHl5NC3 : C. 55.45; H, 8.73; N, 8.09. Found : C, 55.37; H, 

8.53; N, 8.15. 

(l&2&7&&&)-1,2,7-Trihydroxy-octahydroindolizine (29). Yield 64% [a]D -10.3 (c 

1.04, MeOH), mass spectrum (E.I.): m/z 173 (M+). The NMR spectra are superposable with those of 28 
Anal. Calcd for CgHl5N03 : C, 55.45; H, 8.73; N, 8.09. Found : C, 55.27; H, 8.43; N, 8.16. 
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