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Abstract- A synthesis of 1,4d1deoxy-1,4-imino-D-lyxitol and N-benzyI-4-epr-(-)-anison1yc!n 

was described 

Polyhydroxylated pyrrolid~nes and piperidines provide an extensive class of powerful and specific glycostdase inhibitors I 

1.4-Didcoxy-1.4- min no-D-lyx~tol ( I )  was reported as a potent competitive inhibitor of a-galactodase (-)-Swainsonine (2) 

has potentlal actwlty for the prevention of metastasis of cancer (-)-Anisomycin (3) possesses strong and selective 

acttvities against pathogenic protozoa and fungi. and has been used successfully m the c lmc  for the treatment of atneb~c 

dysenetry and trichomonas vagmitts.4 

1 2 3 

A survey of literature suggested that polyhydroxylated pyrrolidines and piperidines, such as compounds (1-3) were mostly 

synthesized from natural sugars5 although a number of chtral synthesis of l 6  and 37 have been reported by using different 

approachs. The formallon of the pyrrolidine ring has been achieved by many ways, such as an intramolecular nucleophtlic 

displacen~ent with a m n e  nitrogen.5h-J.51 anodic cycl~zat~on of 6-alkmylamine,'a or a D~eckrnann cyclizat~ot~ of 

arn~nodiester.~"' Being tnterested in the remarkable physlologlcal effects of these compounds, and as a contmuation of our 

work on the utility of optically actwe 1.2-epoxy-4-penten-3-01 ( 5 )  for the asymmetric synthcs~s of natural p d u c t s , 8  we 
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think the product (7a) generated by one-pot ammolysis of s8" can act a s  a chiral buildmg block to synthes~ze some 

polyhydroxylated pyrrolidines and piperidines S o  we describe here the facile chiral synthesis of 1,4-dideoxy-l,4-11n1no-D- 

lyx~tol ( I )  and N-benzyl-4-epr-(-)-anisomycin (20) 

The synthesis of I.HCI was outlmed in Scheme 1 (2R.3S)-5 was conveniently prepared from the divmylcarb~nol (4) v m  

Sharpless asymmetric epoxidatlo~i [TBHP, L-(+)-DIPT, Ti[OCH(CH,)214, molecule sleves(4A) ] at -20 OC for 2 days.y 

One pot aminolys~s of the oxirane (5 )  with phenylanime promoted by TI[OCH(CH,),], and followed by be~~zoylation of the 

ring opening product to glve 6 In 6 3  I% yield based on 4.8a Protection of the diol group in 6 a s  an isopropylidenrketal gave 

I l a  I l b  

Scheme 1 

Reagents and condilloos: (a) L-(+)-DIPT. TBHP. Ti[OCH(CH3)21,, CH2CI2. 4 A sleves, -20 @C. 2 days, b) 

PhCH2NH2, 1.5 eq. TI[OCH(CH~)~],, rooni temperalure. (c) PhCOCI, NaHCO,, acetone, room temperature, 

63,1%from 4. (d) dinletho~ypropane. CH2C12, p-TsOH. room temperalure. 92 1%. (e) DIBAL-H. T W ,  -78°C. 

(f) 12, NaHCO,, DME-H20=4.1. 0°C. (g) 1N aq NaOH, [cH~(cH,),],N+I*, room temperature, 55.9% from 

7a. (h) H~(OCOCFJ)~/THF,  then sat, aq NaHCO,, sat aq KBr (i)02/ NaBH4/ DMF, room lemperature, 

54.4% from 7a. 0) H2/ Pd(OH)2/ MeOH. then 2N aq. HCI/ MeOH, room temperature, 68.1% from 9 

78 in 92.1% yield Removal of the benzoyl group 111 7a  w ~ t h  DIBAL-H afforded the crude 7b, which was inuned~ately 

subjected to iodoamidatiou with I2/NaHC03 In DME - H 2 0  The resultant mixture was hydrolyzed with 4N aq. NaOH 
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in the presence of phase transfer catalyst ([CH3(CH2)3]4N'13 to produce 9 and the undes~red six-membered ring 

product 10 in a ratlo o f  4.3 .I, which can he separated by flash column chromatography. The ~solated yield of 9 from 7a IS 

55.9%. 9 and 10 were charactrized by IH nmr, ms , ir, and IH-IH COSY. The difference o f  IH nmr between 9 and 10 

lies clearly in the IH nmr signals o f  the benzyl~c protons wh~ch show an AB peak in 9 (4.04 and 3 22 ppm, J=13 4 Hz) 

and a singlet peak in 10 (s, 3 56 ppm) The stereochem~stry o f  the newly introduced ch~ral center in 9 was proved by 

coupl~ng constant (J= 4 9 Hz) between H-2 and H-3, wh~ch is sumliar in magnititude to that of analogue o f  9 In llteratureI0 

ind~cating a .syn relat~on between these two protons. By comparison, the corresponding onri protons rcported in literature 

are coupled by 7-8 Hz I This assignment o f  sterwchem~stry was also confirmed by the spectral data of the target product 

which is in accordance with literature.12 In  the event, 9 was easily converted to 1,4-dideoxy-1,4-imino-D-lyx1tol in 

crystalline form by hydrogenation with H2/Pd(OH)2 in methanol, followed by deprotect~on o f  the hydroxyl groups w ~ t h  

2N aq. HCI. The overall yield o f  I -HCI  from 4 was 17%. 

As an improvement, am~dornercurat~on (Hg(OCOCF3)gTHF) o f  7b offered l l a  and its epimer ( I  lb) in a ratio of 6 : I 

Reductwe oxygenation of l l a  with oxygen and NaBH4 in DMF afforded 9 as a single product. 9 was easily turncd to 

hydrochloride salt o f  1 in the same way as ment~oned above in 21.5% overall yield based on 4 Smce 9 has been reported 

as an intermediate for the synthesis o f  (-)-swainsonine (2).13 a formal synthesis of (-)-swainsonine from d~vinylcarbmol 

was thus completed 

4-rpr-(-)-Amsomycin was also prepared from 7a as shown in Scheme 2 Direct epox~dation o f  7a under various cond~t~ons 

faded F~nally. the osmium tetraoxide d~hydroxylat~on of 7a with K3[Fe(CN)6]2 as woxtdant in lerl-butyl alcohol and 

water provided d~hydroxyl compound (12) and its epimer in a 4.6 . I ratlo In 91% yield. The stereochemistry of the newly 

mtroduced chiral center 111 the major diasterw~somer (12) is establtshed according to Kishi's empirical rule that the relative 

stereochemistry between the preexisting hydroxyl or alkoxyl group and the adjacent newly introduced hydroxyl group of the 

major product in all cases is crythro in thc Os04 dihydroxylated reactlon l4 12 was tosylated at O°C with p-TsCI and the 

resultant tosylate was treated with K2COj to yleld oxiranc 14 Ring opening o f  14 by 4-methoxyphenyl magnesium 

bromide gave 15. Removal o f  the benwyl group in 15 with DIBAL-H, followed by cycl~zation with PPh31DEAD affordcd 

the crucial five-membered ring mtermed~ate 16 The cyclization involved a SN2 d~splacement o f  hydroxyl group in 

M~tsunohu reaction 15 The coupling constant o f  4.92 Hz for H2-H3 indicates a crs configuration of  these two protons 

slnce the correspondmg coupling constant of (-)-anisomycin was reported to be 4.9 Hz 5' The ketal group o f  16 was then 

hydrolyzed with 2N aq. HCI to yield 17. Selective protection o f  one hydroxyl group o f  17 with TBDMS-CI afforded 18 

Acetylation o f  18 . followed by ren~oval of TBDMS group gave N-benzyl-4-epr-(-)-an~somycin (20) The overall y~eld of 20 

from 7a was 15.8% 
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In summary. we synthesized the 1.4-dideoxy-l,4-1niino-D-lyxitol and N-benzyl-4-upi-(-)-an1somycin ustng (2H.3.S)-5 as the 

versatde material. The present syntheses represent an effic~ent strategy for the preparation of some polyhydroxylated 

pyrrolid~nes and piperidines, 

Scheme 2 

Reagents and condilions: (a) o r 0 4  i K3Pe(CN),J2 i K p 3 ,  lerl-bulyl alcohol -H20 =I:l. rwn tcnlperaturr, 9 1% yield d r 

= I U  I (h) TsCI. Et3N, CH2C12, O°C. (c) K2CO~.  Md)H. room temperature. 85.2% from I2 (d) 4-mclhory phcnyl mngneslum 

bromide, Cul(5% ad), THF. -10°C. 86% yleld (e) DIBALH. THF, -78°C (1) PPhil DEAN THF, room temperalum. 43% y d d  

temperature .92% (i) II-BU~N+P/ THF. P C ,  84% yeld 

EXPERIMENTAL: 

Melting points were measured w~ th  a Buchi 535 spectrometer and uncorrected. IH Nmr and 1 3 c  nmr spectra were obtamed 

on Bruker AM-300 (300 MHz) spectrometer, using TMS as an tnternal standard lr spectra were taken on a Shimadzu IR- 

440 spectrophotometer and main absorption frequencies were given in cm-I. El and HR mass spectra were recorded wtth 

Finnigan 4021 spectrometer. Optical rotations were mesaured on Perkin-Elemer 241 polarmeter at the sodium D line and 

2S°C. Microanalysis was taken by Analytical Department of Shanghai Institute of Organ~c Chem~stry Flash colunul 

chromatography was carried out using silica gel (200-300 mesh, made in Shanghat, China) 

Synthesis of 1,4-dideoxy-1,4-imino-D-lyxitol. 

Preparation of (ZR, 3S)-N-benzyl-N-benzoyl-2,3-dihydroxy-4-ene-pentylamine(6): To a mixture of 3 g of molecular 

sieves ( 4 4  and 75 ml of drted CH2C12, was added subsequently 1.0 ml of L-(+)-DIPT (4 75 mmol), 7.5 ml of TBHP (6 7 
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M in CH2CI2) and' 1 5 rnl of Tt[OCH(CH,),I, (5.0 mmol) at -20°C under pos~tive N2 pressure After s t m n g  for 0 5 h. 3 

ml of 4 (31 0 mmol) was added vm synnge. The mlxture was kept in refrigerator at -2OOC for 10 days. 2 5 ml of P(OEO3 

(14.6 mmol) was then added at -2OOC, stlrrmg was continued for 0.5 h followed by the addition of 12 ml of 

Ti[OCH(CH,),], (40.0 nmiol) together with 5 ml of benzylamme (45 8 mmol). The mixture was stirred overnight at room 

temperature. Then 120 ml of CHC13 and 30 ml of 10% NaOH in brine were added. The st~rring was kept for 5 h The 

mixture was filtered through a pad of celite, and the organlc layer was dned over anhydrous Na2S04 Removal of solvent 

gave a yellow oil. which was dissolved in 30 ml of acetone Then I20 ml of sat aq. NaHC0, and 8 ml of benzoyl chlonde 

(68 9 mmol) were added The mixture was stirred at room temperature for 3 h, extracted with ethyl acetate after removal of 

acetone. The organic laycr was dr~ed over anhydrous Na2S04. Removal of the solvent gave a residue which was subjected 

to flash column chromatography ( s ~ l ~ c a  gel, petroleum ether ethyl acetate = I : 3) to glve 5.36 g of 6 ( 5.36 g ,55 6% yield 

from 4) as white solid. [a],,2' -65.80 (c= 1.0, CH2CI2) Ir (KBr) cm-1 3450: 1730: 1640, 1450. I H  Nmr (CDCI3) 6 2 50 

(br. 2H. 2-OH). 3 40 (ni, IH, H5): 3 75 (m, IH, H5'): 4.00 (m. IH, H4): 4.10 (m, IH, H3): 4.62 (s, 2H. CH2Ph): 5 23 (d. 

J=I2 Hz. IH. HI), 5 35 (d. J=18 Hz. IH, HI'); 5 80 (m, IH. H2): 7.15-7.40 (m, IOH, 2 x Ph) Ms: m/z 312 (M++I). 

31 I(M+): 105 (-COPh). 91 (-Bn) HRms: exact mass 31 1.1551 (calcd for C19H21N03 31 1 1522) Anal Calcd for 

C19H21N03: C, 73 29; H, 6.80; N, 4.50. Found: C, 72.72: H, 6.78, N, 4.25. 

Preparation of (2R,3S)-N-benzyl-N-benzoyl-2,3-O-isopropylidene-4-ene-pentylamine (7a). To a solut~on of 350 mg 

of 6( 1.13 mmol) In 40 ml of CH2C12. 2 1.5 mg of PTS (0.113 mmol) and 0 4 ml of dmethoxypropane (3 25 mmol) were 

added under posit~ve N2 pressure. 200 mg of NaHCO) (2 38 nunol) was added to quench the reaction after complet~on of 

reaction monitored by tlc, and then 20 ml of water was poured into the bottle The organic layer was separated and the 

watcr layer was extracted with CH2C12 3 times The organlc layer was combined and dried over anhydrous Na2S04. 

Removal of CH2CI2 in vacrio gave a res~due which was purified by column chromatrography (slllca gel, petroleum ether 

ethyl acetate = 4 . 1 ) t o  obta~n 360 mg of 7a as a pale oil (91 I %yield) [alD2j +96.330 (c=1.84, CHCI3). Ir (neat) cm-I 

3050. 1730. 1650. 1450 'H Nnir (CDCI,) 6 1 40 (s, 3H, CH,): 1 51 (s. 3H, CH,), 2.90 (m, IH, H5): 3 20 (111. IH, 

H5'). 4.00 (m. IH. H4), 4.30 (m, IH. H3). 4.70 (s, 2H. CH2Ph): 5 25-5.40 (m, 2H, HI and HI'), 5.78 (m, IH, H2): 7.40 

(m. IOH. 2 u Ph). Ms. m/z 352 (M'+I): 105 (-COPh): 91 (-Bn). 

Preparation of (2R,3S,4R)-N-benzyl-3,4-O-isopropylidene-2-hydroxymethylpyrrolidine (9). To a solution of 915 nig 

of 7a ( 2 6 1 mmol) in 20 ml of THF. 10 ml of DlBAL (1.0 M in toluene) was added at -78°C. 20 ml of water was added to 

quench the reaction after completion of reaction mon~tored by tlc. The mixture was stirred for 10 mln and filtered through a 

pad of s~lica gel, then extracted with EtOAc 4 times. The organic layer was dned over anhydrous Na2S04 Removal of 

EtOAc in vactro gave a viscous oil Immid~ately. 20 ml of DME, 10 ml of water and 500 mg of NaHC0, were added to the 
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viscous 011. then 1.1 g o f  l2 (4.3 mmol) was added at OOC The mixture was stirred overnight. Then, 6 ml of sat aq. 

Na2S203 was added to quench the reaction. A VISCOUS yellow od was obtained after usual workup. To the yellow 011, 28 

ml o f  THF, 27 ml o f  4N aq. NaOH and 0 5 g o f  [CHJ(CH2)3]4N+I- were added The mixture was stirred at room 

temperature for 2 days THF was removed under reduced pressure and the water layer was extracted with EtOAc 4 times. 

The EtOAc layer was combmed, washed with sat, aq. NaCl and dried over anhydrous Na2S04 Removal of EtOAc gave a 

residue which was purificd by column chromatography (silica gel, petroleum ether : ethyl acetate = 4 : I )  to produce 9 (307 

mg, 44.8 % yield from 7a) and 10 (76 mg , 11.1% yield from 7a) as pale viscous oil 9 [a],,zs -76O (c=2.4, CH2CI2). I r  

(neat) cm-I: 3450. 1380; 1240. 'H Nmr (CDCI3) 6:  1.32 (s, 3H, CH3): 1.55 (s, 3H, CH3): 2.13 (dd, Js .. 1 I Hz, J5,4= 

4.7 Hz, IH, H5); 2.37 (m, IH, H2), 2.70 (br, IH. -OH); 3.08 (d, J5,s~=1 1 1 Hz, IH, H5'); 3.95 (m, 2H, CH20H); 3.22 and 

4 04 (AB. 1-13 4 Hz. 2H. CH2Ph): 4.59 (dd. J3,4=6 4 Hz. J4,5=4.7 Hz. IH. H4): 4 72 (dd, J3 4=6.3 Hz. J2 3=4 9 Hz, 

IH. H3): 7.31 (s. 5H, -Ph). Ms. m/z 263 (M'). 232 (M-CHIOH); 91 (base). 10: [a],zs +9 10 (c=1.6, CH2C12). I r  (neat) 

cm-I: 3450; 3050; 1500, 1380. 1240 lH Nrnr (CDCI3) 6 .  1.37 (s, 3H, CH,), 1.56 (s, 3H, CH3): 2 37 (dd, J2,2m=I 1.8 Hz, 

12 3'4.2 Hz, IH, H2); 2 44 (dd. J6,6c=l 1.9 Hz, J6,5=6 5 Hz, H6). 2.60 (dd, J6,68=I 1 9 Hz, J6',5' 4.2 Hz, H6'): 2 74 (dd, 

52.2~11.8 Hz. J28.3' 5 9 Hz, IH, H2'): 3.56 (s, 2H, CH2Ph). 3.88 (111. IH. H5), 4 22 (m, 2H. H2 and H3): 7.31 (s, 5H. 

-Ph) Ms: nllz 263 (Mf, 5.2 ), 232 (M-CH2OH. 15): 91 (CH2Ph, base). 

Preparation of (ZR,3S,4R)-N-benzyl-3,4-O-isopropylidene-Z-bromomercuriumpyrrolidine (1 la). 4 ml o f  D lBAL ( I .0 

M in toluene) was added at -78°C under N2 to a solution o f  182 mg of  7a (0.52 mmol) in 20 ml o f  THF. The same 

procedure was taken as before to obtain a pale viscous oil 7b, which was d~ssloved in 6 ml o f  THF. 500 mg of 

Hg(OCOCF3)2 (I. I 7  mmol) was then added to the solution at room temperature. The mixture was stirred overn~glit 20 rnl 

o f  sat. aq. NaHCOj was added and the resultant mixture was st~rred for 0.5 h, then 20 ml o f  sat aq. KBr was added to thc 

mixture. The stirring was continued for 2 h. AAer usual workup, the mixture was subjected to column chromatography 

(silica gel, petroleum ether : ethyl acetate = 15 . I )  to afford l l a  (145 i g ,  46.9 %yield from 7a) and l l b  (24 mg. 7 8% 

yield from 7a) as pale viscous oil. I l a .  [a]," -14.6" (c = 2 6, CH2CI2) I r  (neat) cm-I. 3050: 1500. 1380. 1200 I H  

Nmr(CDCI1) 6: 1.42 (s, 3H, CHj). 1 60 (s. 3H. CH,): 1.99 (d, J6,6.=12.7 Hz, IH, CH2HgBr), 2 10 (dd, J6,6.=12.7 Hz, 

J2,6=5.4Hz, IH, CH2HgBr): 2.23 (dd, J5,5,=l 1 3 Hz. J4,5=4.9 Hz, IH, HS); 2 75 (m, IH, HZ): 3 09 (d. J5,5,=1 1.3 Hz, 

IH, H5'); 3.20 and 3.90 (AB. J=13.3 Hz. 2H, CH2Ph): 4.48 (m, IH, H4): 4.58 (m, IH, H3). 7 33 (s, 5H, -Ph). Ms. mlz 

528 (M++1): 527 (M'): 246 (M-HgBr); 232 (M-CH2HgBr), 91(-CH2Ph). H R m  (fragment M-HgBr) exact mass 

246.1512 (calcd for CI5HZONO2 246.1494). l l b .  [aIDZJ -5.20 (c = 1.2, CH2C12) I r  (neat) cm-1: 3050, 2990; 1500: 1380; 

1200. IH Nmr(CDCl3) 6 :  1.34 (s, 3H, CH3): 1 52 (s, 3H, CH3); 2.20 (dd, J6,6*=I 1.2 Hz, J2 6=5.6 Hz, IH, CH2HgBr); 

2.39 (d, J6,6-l 1.2 Hz, IH. CH2HgBr): 2.52 (m, IH, H5); 2.97 (m, IH, H2). 3 31 (m, IH, H5'); 3.42 and 3.95 (AB, 
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J=12.6 Hz, 2H, CHzPh), 4.09 (nl, IH, H4): 4.65 (ni, 1H. H3). 7 31 (8, 5H, -Ph). Ms: m/z 528 (M++I); 526 (M+-I), 246 

Preparation o f  (2R,3S,4R)-N-benzyl-3,4-O-isopropylidene-2-hydroxymethylpyrrolidine(9) from 1 la. In  a 50 rnl flask, 

oxygen was bubbled to the suspension of 11 mg of NaBH4 (0.29 mmol) In 4 ml of DMF for 0.5 h 100 mg of l l a  (0.19 

mmol) ~n 10 ml o f  DMF was added dropwise in 0.5 h Oxygen was bubbled contiunously for 0 5 h The mixture was 

filtered through a pad o f  cel~te Removal of DMF m vac~co gave a mixture, which was purified by column chromatography 

(sil~ca gel, petroleum ether ethyl acetate = 4 - I )  give 9 (34 nig , 68 % yield) as a pale viscous od . 

Preparation o f  hydrochloride of 1,4-dideoxy-1.4-imino-D-lyxitol(1.HCI). 50 mg of 9 (0.19 mmol) was dissolved in 12 

ml o f  MeOH, 80 mg o f  Pd(OH)2 (0.57 mmol) was added and the resultant mixture was stirred under H2 atomsphere at 

room temperature The mixture was filtered and 2.5 ml o f  2 N aq. HCI was added The stirrmg was cont~uned for I h T h e  

MeOH and water were removed in vncuo gave a residue wh~ch was washed with Et20 and cooled MeOH to obta~n I.HCI 

(22 nlg . 68.1% y~eld) as a wh~te solid, mp 156.5-158.00C ( C.N Austin. P.D Bard. G.W.J.Fleel. J M Peach. P.W.Smilh, and 

D J.Watkia. Tetrahedron, 1987. 43, 3095 157-1590C). 

Synthesis of N-benzyl-4-epi-(-)-anisomycin. 

Preparation o f  (2S,3R,4.Q-N-benzyl-N-benzoyl-2,3-O-isopropylidene-4.5-dihydroypentylamine (12). 1 . 1  g o f  7a 

(3.1 mmol) was dissolved in 30 ml o f  [err-Butyl alcohol and 30 ml o f  water, then 3 4 g of K3Fe(CN)6 ( 10.3 mniol) and 

1 43 g o f  K2CO3 (10.3 mmol) were added. 3 ml of 0.05 M solution of 0s04 in lerc-Butyl alcohol was added to the reaction 

vm syringe. The mlxture was st~rred at room temperature and the rcactlon was mon~tored by the disappearance of 7a with 

tlc. After the completion of the reaction, 3 g of NazS203 (19 0 mmol) was added and the mixture was stirred for 2 h 

Removal of tert-Butyl alcohol gave a residue which was extracted w ~ t h  EtOAc 4 times. After usual workup and column 

chromatography (s~lica gel. petroleum ether ethyl acetate = 2 1). I 2  (985 mg , 74.9 O/u yield) as a white solid and epmer 

of 12(212 mg . 16.1 % y~eld ) as a VISCOUS oil were ohtamed 12 mp 48 0-49.50C. [a]D25 +82 10 (c=0.81, CHZCIZ) Ir 

(KBr) cm-I: 3350; 1610, 1380, 1240. IH Nmr (CDCI3) 6 1 35 (s, 3H, CH,): 1.40 (s, 3H, CH,); 3.18-4.00 (m, 6H. 

CH2NCH2Ph and 2-OH); 4.18 (m, 2H, HOCH2-), 4.70-4.82 (m, 3H, 3-CHOH), 7.28-7.50 (m, {OH, 2-Ph). Ms: m/z 386 

(M++I): 385 (Mt). 280 (M-COPh); 105 (-COPh): 91 (-CH2Ph) HRms: exact mass 385,1895 (calcd for C22H27NOS 

385.1890). epimer of 12: [alDZ5 +I7 X0 (c=0.4I, CHZC12). I r  (film) cm-I. 3340; 1610, 1240. IH Nmr (CDCI3) 6. 1 33 (s. 

3H. CH3). 1.41 (s. 3H, CH3): 3.15-3 98 (m, 6H, CHZNCHZPh and 2-OH); 4.1 1 (m, 2H, HOCH2-). 4.70-4.80 (111, 3H. 

3-CHOH): 7 25-7 52 (m. 10H. 2-Ph) Ms: m/z 386 (M++l); 385(M+), 280(M-COPh): I05(-COPh), 91(-CH2Ph) 

Preparation o f  (3.Y,4R,5.Q-N-benzyl-N-benzoyl-3,4-O-isopropylidene-5,6-epoxypentylamine(l4). 750 mg of  12 

(1.9 mmol) was dissolved in 15 ml of CH2CI2. 7 ml o f  EtjN (50.3 mmol) and 1.8 g ofp-TsCI (9.5 mmol) were added at 
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OOC under posit~ve N2 pressure. AAer the completion of the reaction monitored by tlc, the reaction mixture was dduted w~th 

150 ml of CH2C12, then was successively washed with 50 ml of 5% aq. HCI , 50 ml of sat. aq. NaHCO3 and I00 ml of sat. 

aq. NaCI. Removal of CH2C12 gave a crude monotosylate, which was then d~ssolved ~n 20 ml of MeOH. 500 mg of K2C03 

(3 6 mmol) was added to the mixture and the resultant mlxture was stirred for 20 min, then 40 ml of water was added and 

MeOH was removed m vncuo. The mixture was extracted with EtOAc 4 tlmes. The EtOAc layer was combined, washed 

with 200 ml of sat. aq. NaCl 2 tlmes and dried over anhydrous Na2S04. Removal of the solvent gave a res~due which was 

purified by flash column chromatography (silica gel , petroleunl ether . ethyl acetate = 5 . 1) to give 350 nig of pure 

epoxide (14) as a pale viscous oil with 85.2% yield from 12. [alD2' + 69.20 (c = 0.15, CH2C12). Ir (neat) cm-1: 3030: 

1630: 1380. 1240. 'H Nmr (CDCIj) 6: 1 37 (s, 3H, CH3). 1.48 (s, 3H, CHj); 2 63 (m, IH, H2). 2.79 (m, IH, HT), 2.93 

and 3 25 (m, ZH, H6); 3 58 and 4.35 (AB, J=12.7 Hz. ZH, CH2Ph): 3 78 (m, IH, H5): 4 65-4 81 (m, ZH, H3 and H4). 

7.20-7.46 (m, IOH, 2-Pb). Ms. m/z 368 (M++I): 367 (M+): 262 (M-COPh); 105 (-COPh): 91 (-En). HRms: exact mass 

367.17825 (calcd for C22H25N04 367.17853). 

(3S,4R,S~-N-benzyl-N-benzoyl-3,4-O-isopropylidene-S-hydroxy-6-(4-methoxyphenyl)pentylamine(lS). To a 

solution of 400 mg of 14 (1.1 mmol) in 10 ml of THF, 80 rng of Cul (0 4 mmol) was added 6 ml of (4- 

methoxyphenyl)magnesiurn brom~de (prepared with 0 5 g of Mg (20 8 mmol), 2.5 ml of 4-bromoanisole 111 18 ml of THF) 

was added dropw~se at -1OOC. AAer completion of the reactlon momtored by tlc , 20 ml of sat aq NH4CI was added to 

quench the reactlon THF was renioved in vncuo and the m~xture was extracted w~ th  Et20 4 tmes The etheral layer was 

combined, washed with sat. aq. NaCl and dried over anhydrous Na2S04. AAer column chromatography ( s ~ l ~ c a  gel, 

petroleunl ether : ethyl acetate = 6 : I) , 440 mg of pure IS was obtained as a white solid. (85.2% yield), mp 38.0-39.00C. 

IaID2' +57.X0 (c =0.43, CH2CI2). Ir (KBr) cm-I: 3320: 1620; 1460: 1240. I H  Nmr (CDCIJ) 6: 1.37 (s, 3H, CHJ); 1.46 

(s, 3H. CH3): 2.62 (m, IH, CH2N); 3 04 (d, J= l l .4  Hz, IH, CH2N): 3.20 and 3.90 (m, 2H, M ~ O P I I C I ~ ~ - ) :  3 79 (s, 3H, 

-0Me). 3.40 and 4.25 (AB, J=14.4 Hz, 2H, CH2Ph): 4.61 (m, IH, -CHOH): 4.70-4.73 (m, 2H, 2-CHO-); 6.82 (d, J=7 5 

Hz, 2H, 2H of MeOPh), 7.15 (d, J=7.6Hz, 2H, 2H of MeOPh), 7.35-7 42 (m, 10H, 2-Ph).Ms: m/z 476 (M++I); 354 

(M-CH2PhOMe); 105 (-COPh), 91 (-Bn). @. Calcd for C2gH33NOs. C. 73.26; H, 2.95: N, 6.95. Found. C, 73.40; H, 

Preparation of (ZR,3S,4R)-N-benzyl-3,4-O-iisopropylidene-2-(4-methoxybenzyl)pyrrolidine(l6). 100 mg of 15 

(0.2 mmol) was dissolved in 3 ml of THF 1 nd of DlBAL (1.0 M in toluene) was added at -780C vin syringe under N2 

atomsphere The mixture was stirred at -78OC for 3 h until the completion of the reaction monitored by tlc. 2 ml of water 

was addedto quench the reaction and the mlxture was filtered through a pad of sil~ca gel then extracted with EtOAc. dried 

over anhydrous Na2S04 and evaporated m vacuo to give a crude debenzoyl product as an oil, which was dissolved 111 4 ml 
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of CH2C12 immediately 120 mg of PPh3 (0.46 mmol) and 0.07 ml of DEAD (0.44 mmol) were added under N2 

atomsphere The mixture was stirred at room temperature overnight and the reaction was monitored by tlc. 2 ml of water 

was added when the reaction completed. After removal of CH2CI2, the m~xture was extracted wlth E q O  3 times After 

usual workup. the residue was subjected to colunm chron~atography (sil~ca gel , petroleum ether : ethyl acetate = 10 . 1)  to 

give 32 mg of pure 16 as a pale viscous oil with 43 %yield. [ajD2J -24 50 (c = 1.74, CHZC12). Ir (neat) em-I. 3030: 1460. 

1380: 1240 IH Nmr (CDCI3) 6: 1.30 (s, 3H, CH3); 1.35 (s, 3H, CH3); 2 30 (dd, J5 59=12.9 Hz, J4,5=1 74 Hz, IH, H5): 

2 58 (dd, J6,6*=14 2 Hz, J2,6=8.4 Hz, IH, H6): 2.84 (dd, J6,6-=14 2 Hz, J2,6"2 3 Hz, fH, H6'). 3.00 (dd, J5,59=12.9 Hz, 

J4.5'=12 8 Hz): 3.18 (m, IH. H2): 3.82 (s, 3H, OMe), 3.24 and 3.86 (AB, J=12 9 Hz, 2H, CY2Ph); 3.98 (m, IH, H3): 

4.42 (m, IH, H4). 6 85 (d. J=8 75 Hz, 2H, 2H ofp-MeOPh-): 7 15 (d, J=8.64 Hz, 2H, 2H ofp-McOPh- ), 7 25 (m, 5H, 

Ph). Ms: ndz 354 (Mt+l), 353 (M+): 233 (M-PhOMe): 91 (-Bn). HRms: exact mass 353.19936 calcd for C22H27N03 

353 19932 

Preparation of (2R,3S,4R)-N-henzyl-3,4-dihydroxy-2-(4-methoxybenzyl)pyrrolidine(l7). To a solution of 120 mg of 

16(0.34 mmol) in 2 ml of THF, was added 4 ml of 2N aq. HCI . The mixture was stirred overnight and 5 ml of sat, aq 

NaHCOj was added Removal of THF gave a residue, which was extracted with EtOAc 4 times. The EtOAc layer was 

washed with sat. aq. NaCI, dried over anhydrous Na2S04 and evaporated in vacuo 84.6 mg of pure 17 was obtained as a 

pale VISCOUS oil ~81th 80.0 %yield after purification w~th  column chromatography on silica gel (petroleum ether . ethyl 

acetate = I . 5). lalDx+5.360 (c =0.88, CH2CIZ). Ir (neat) cm-1: 3350. 1460: 1380; 1240. IH Nmr (CDCI,) 8: 2.49 (dd, 

J5,5"1 1.1 Hz, J4,5=6 7 Hz, IH, H5); 2.71 (d, J.jg.=ll 2 Hz, IH, HS), 2 82-3.01 (m and br. 4H, H6, H6' and 2 x OH), 

3 79 (s, 3H, -0Me): 3 91 (m, IH, H2): 3 27 and 4.07 (AB, J=13.1 Hz, 2H, CB2Ph); 4.07 (m, 2H, H3 and H4); 6 $5 (d, 

J=8 5 Hz. 2H. 2H ofp-MeOPh-); 7 25 (d, J=8 3 1 Hz, 2H, 2H ofp-MeOPh-), 7.31 (s, 5H, Ph) Ms. mlz 3 13 (M+): 121 

(-CH2PhOMe). 91(-Bn). 

Preparation of (2R,3S,4R)-N-benzyl-3-hydroxy-2-(4-methoxybenzyl)-4-[(terf-butyldimethylsilyl)oxy]pyrrolidine (18). 

To a solution of 25 mg of 17 (0.08 mmol) in 0.5 ml of DMF, was added 25 mg of imidazole (0 37 mmol) and 30 mg of 

ierl-butyld~methylsilyl chloride (0.20 mmol), and the mixture was stirred at room temperature for 50 min The reactlon 

mixture was chromatographed on s i l m  gel (petroleum ether . ethyl acetate = 12 . 1) to give 30.4 mg of 18 in 89% yield as a 

colorless oil. [ a1dJ  -2.3O (c = 0 85 , CHZC12). Ir (neat) cm-I: 3400, 1460; 1380 IH Nmr (CDCIj) 6 .  0.00 (s, 6H, 2 x 

CH3): 0.86 (s, 9H, 3 x CHJ). 2.49 (m. IH, H5): 2.72 (m, IH, HS'); 2.85 (hr, 2H, H6 and -OH): 3.10 (dd, J6,68=12 X Hz, 

16qf3.95 Hz, IH, H6'): 3.76 (s, 3H, OMe): 3 79 (dd, J2,6.=9 90 Hz, J2,3=4.55 Hz, IH, H2). 3 40 and 4 04 (AB, J=13 5 

Hz, 2H, CH2Ph): 3 85 (nl, IH, H3); 4.17 (dd, J4.5=12.0 Hz, J3,q=5.06 Hz, IH, H4). 6.83 (d, J=8.43 Hz, 2H), 7 24 (d, 

J=8.45 Hz, 2H); 7.33 (m, SH, Ph). Ms. mIz427 (MC): 312 (M-TBDMS). 
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(2R,3S,4R)-N-benzyl-3-acetoxy-2-(4-methoxybenzyl)-4-(er-butyldiethylsilyl)oxy]pyrrolidine (19). A mixture 

'of 18 mg of 18 (0 04 mmul) and 0.1 ml of acetic anhydr~de (1.05 mmol) in 0.8 ml of pyr~dme was stirred at room 

temperature for 2 days. Concentration m voclco followed by chromatography on a s ~ l ~ c a  gel column (petroleum ether : ethyl 

acetatc = 16 . I) gave I8 mg of 19 with 92% yield as a colorless oil. [ a I D 2 5  +I9  20 (c = 0.55 . CH2C12). Ir (neat) cm-1: 

3030: 1710: 1460; 1380. I H  Nmr (CDCI,) 6 -0.39 (s, 3H, CH3), -0.08 (s, 3H, CH3): 0 81 (s, 9H, 3 x CH3). 2 09(s, 

3H, -0COCH3). 2 53 (dd, J6,6'=13.6 Hz, J2&.4 Hz, IH, H6): 2 73 (dd, J6,6c=13 6 Hz, J2,69=4.1 Hz, IH, H6'): 2.83 

(n~ .  2H, H5 and H5'). 3.80 (s, 3H, OMe); 3.50 and 3.84 (AB, J=13.7 Hz, 2H, CH2Ph), 3.88 (m, IH, HZ), 4.98 (dd, 

J3,4=5 3 Hz, 52.3'2 6 Hz. IH. H3): 5.46 (m, IH, H4). 6 80 (d, J=8 7 Hz, 2H); 7.00 (d, 1=8.6 Hz, 2H). 7.35 (m, 5H, Ph) 

I'C Nmr 6: 20.9 (SiCH3); 21.3 (COCH,). 25.9 (SC(CH3)$. 29.8 (C6): 39.2 (NCH2Ph); 55.3 (OCH3): 59.2 (C5). 70 9 

(C2). 74 1 (C3). 75.4 (C4). Ms. ndz 469 (M+): 426 (M-Ac). 91 (-Bn). 

Preparation of (2R,3S,4R)-N-benzyl-3-acetoxy-4-hydroxy-2-(4-methoxybenzyl)pyrrolidine (20). To  a st~rred solut~on 

of I5 mg of 19 (0.03 nunol) in 2 ml of THF at O°C was added 0.01 ml of 1 M solut~on of retro-n-butylanm1on1um fluoride 

After stirring at O°C for 30 min, the solvent was evaporated and the residue was purified by column chromatography on 
,' 

sllica gel (petroleum ether . ethyl acetatc = 2 : 1) to give 9.5 mg of 20 w ~ t h  84% yield as a colorless oil. [ a I D 2 J  +I9  20 (c = 

0.15, CH2Cl2). Ir (ncat) cm-I: 3350; 1710: 1460; 1380. 1~ Nmr (CDCI,) 6 2 06 (s, 3H. OCOCH,); 2.77 (dd, J6,6.=13.5 

Hz. J2,&=7.2 Hz. IH, H6). 2.82 (d, J4,3=6.4 Hz. 2H, H5 and H5'); 2.91 (dd. J6,6e=13 5 Hz, J2,6*=4. 1 Hz. IH. H6'). 3 64 

(s, 2H, CH2Ph). 3.71 (dd. J2,6=7.1 Hz, J2,3=4.9 Hz, IH, H2); 3 76 (s, 3H, OMe). 4.75 (dd, J4,3=1 1 4  Hz, J3,,=6.5 Hz, 

1H. H4); 4.91 (dd, J3,4=6.4 Hz, J2,3=4.9 Hz, IH, H3): 6.78 (d, J=8.6 Hz, 2H); 7 04 (d, J=8.6 Hz, 2H): 7 34 (m, 5H, -Ph). 

Ms. nliz 356 (M++I), 355 (M+), 91 (-Bn). 
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