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SYNTHESIS O F  (ZR,3R,4R,SR)-3,4-DIHYDROXY-2,S-D1- 

HYDROXYMETHYLPYRROLIDINE AND (-)-ANISOMYCIN 

DERIVATIVE FROM (S)-PYROGLUTAMIC ACID DERIVATIVE 

Nobuo Ikota 

National Institute of Radiological Sciences, 9-1, Anagawa-4-chome, 

Inage-ku, Chiba 263, Japan 

Abstract -Double asymmetric dihydroxylation of (Q-a,@-unsaturated ester (2) 

with a catalytic amount of potassium osmate and chiral ligand gave dihydroxy 

compounds (3a and 4a) selectively. Polyhydroxylated pyrrolidines (10 and 1 4 )  

were synthesized from corresponding methoxymethy ether (3c) and tert-butyl- 

dimethylsilyl ether (4d), respectively. 

Polyhydroxylated pyrrolidines show interesting biological activities, and their synthesis including stereo- 

isomers and biological evaluation have been extensively studied.1 In a previous we have repolted 

the synthesis of 1-dwxynojirimycin bom (S)-pyroglutamic acid derivative, in which a diastereoselection 

of dihydroxylation of (E)-a,P-unsaturated ester (2) with a catalytic amount of OsO4 was not high. In 

connection with our studies on the synthesis of chiral polyhydroxylated amines, we describe here the 

improvement of stereoselectivity of dihydroxylation of 2 employing double asymmetric dihydroxylation3c 

with chiral ligand,3",b and the facile synthesis of (2R,3R,4R,SR)-3,4-dihydroxy-2,5-dihydroxymethyI- 

pyrrolidines (10a) and (-)-anisomycin derivative (14) from (S)-pyroglutamic acid derivative. 

Dihydroxylation of 2 ,  prepared bom 1 in 80% yield, with potassium osmate (0.04 equiv.) using hydro- 

quinidine 9-phenanthryl ether ( 0.15 equiv.) as a chiral ~ i ~ a n d ~ ~  in the presence of K3Fe(CN)6 (3 equiv.) 

and K2CO3 (3 equiv.) in tert-BuOH-Hz0 (1:l) at O"C for 24 h gave 3a and 4a in a ratio of 93:7 in 71% 

yield, while 19:81 ratio was obtained using hydroquinine 9-phenantbryl ether in 76% yield.4 The rdtio of 
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3a and 4a was determined by high performance liquid chhromatographic (hplc) analysis after conversion 

of 3a and 4a into the coresponding diacctate (3b and 4b) (pyridinc, acetic anhydridc). The 

polyhydroxylatcd pyrrolidines (10 and 14)  were synthcsized starting from the methoxymethy (MOM) 

ethcr (3c) and tert-butyldimethylsilyl (TBS) ether (4d), respectively. 

A mixture of 3a and 4a, obtained by dihydroxylation using hydroquinidinc 9-phenanthryl ether, was 

wnvcrted into the MOM ether (MOM chloride, N,N-diethylaniline, CH2CI2) and the major diasteromcr 

(3c) was isolated by recrystallization from AcOEt-hexane in 78% yicld. Then, 3 c  was treated with 

NaBH4 in EtOH to give an alcohol (5) in 85% yicld. Swern oxidation5b of 5 followed by reaction of 

the corresponding aldehyde with vinylmagnesium brornidc in THF at -78'C gave 7 and 8 in a ratio of 9:1 

in 59% yield. Thc predominant formation of 7 may be rationalized by cyclic chelate formation bctwcen 

magnesium and a-alkoxy carbonyl. The major isomer (7) was convertcd to a mcsylate (mcthanesulfonyl 

chloridc (MsCI), tricthylamine (TEA), CH2CI2) followed by cyclization with potassium tert-butoxidc in 

tetrahydrofuran (THF) to give the 5-vinylpyrrolidine (9a) in 78% yield. Ozonolysis of 9a followed by 

reductive work-up with NaBH4 afforded thc alcohol (9b) in 93% yield. The compound (9b) could bc 

useful intermcdiate for the synthesis of stereoisomes of a ~ e x i n e . ~  Hydrolysis of 9b  with MeOH-10% HCI 

(1:1) at 7 ~ ~ g a v e  l 0 a  (mp 113-II~"C, [ a ] ~  t 5 4 . 1 ~  (c=l ,  HzO), 1it.,7b mp ~ I ~ - I I ~ " c ,  [aID t54.3" 

(c=1.2, H2O)) in 77% yield after heatment with ion exchange column (Dowex SOW-XU, H t  form). In 

the samc reaction sequence, (2R,3R,4R,5S)-3,4-dihydroxy-2,5-dihydroxymethylpyrrolidinc ( l o b )  (mp 

133-136'C, [aID +26.3' (c=O.R,MeOH), lit.,8 mp 139-142S0C, [a ID +27.6"(c=1.3, McOH)) was 

obtained From 8 in 45% yield. Nmr spectral data of 10a and l o b  were identical with thosc 

rcported.lb,7a,8 

A mixture of 3 a  and 4a obtained by dihydroxylation using hydroquinine 9-phenanthryl ether was converted 

into the corresponding TBS ether (TBS chloride, imidazole, dirnethylfomamide (DMF)) and the 

diastereoisomers (3d and 4d)  were separated by column chromatography in 17% and 68% yields, 

rcspectively. The isomer (4d) was reduced with LiBH4 in the presencc of lithium tricthylhoro- 

hydride9 in ether to provide an alcohol (6), which was then converted to the pyrrolidine derivativc (I l a )  

via mcsylate ( MsCI, TEA, CH2C12; then tert-BuOK, THF) in 40% yield. The configurations of I l a 

was confirmed by converting l l a  into the known pyrrolidine derivative (12).10 Thus, a rcmoval of TBS 

group in 1 l a  with tetrabutylammonium fluoride in THF followed by di-0-benzylation (NaH, DMF-THF, 

then BnBr) of 11 b gave l l c  in 65% yield. Cleavage of tert-butoxycarbonyl and trityl group in 11 c 



986 HETEROCYCLES. VOI. 41, NO. 5,1995 

with acidic conditions (MeOH:l0% HCI=1:1, 70°C) followed by N-benzylation with benzyl bromidc 

in the presence of K2CO3 in acetonc gave 1 2  in 32% yield. Oxidation of 1 2  by the method of Swcrn 

followed by reaction with 4-methoxyphenylmagnesium bromide in ether gave 13a  as a sole diastereomcr, 

which was then treated with triethylsilanell in the presence of trifluoroacetic acid and trifluoromethan- 

sulfonic acid in CH2CI2 to afford 1 3 b  in 31% yield. In this reaction, 1 3 b  was not obtaincd without 

addition of trifluoromethansulfonic acid. N-Benzyloxycarbonyl-3,4-dihydroxy-2-(4-mcthoxyphcnyl)- 

pyrrolidine (14) l2 (mp  123-126'C, [ a ] ~  -8.7" ( MeOH), lit.,lzc mp 127-129"C, [ a ] ~  -8.2"(MeOH)) 

was obtained in 60% yield after debenzylation of 13a (10% palladium carbon, 99% HCOOH, E ~ o H ) ~ ~  

followed by N-benzyloxycarbonylation (benzylchlorofomate, N a ~ C 0 3 ,  CH2C12). IEi Nmr spectral 

date was identical with that reported. 12c 

Thus, the selective formation of 3a and 4a from 2 by double asymmetric dihydroxylation provided the 

facile approach for the synthesis of (2R,3R,4R)- and (2R,3S,4S)-polyhydroxylated pyrrolidines. 

EXPERIMENTAL 
General methods.-Melting points were determined on a hot stage apparatus and are uncorrected. Ir 

spcctra were measured with a JEOL JIR-110 FT-IR spectrophotometer. 1~ and 1 3 ~  nmr spectra were 

recorded on a JEOL JNM-FX100 (100 Mz) spectromcter. Data are rccorded in parts per million (ppm) 

downfield from internal tetramethylsilane. Mass spectra were taken on a JEOL JMS-D302 spectrometer. 
Optical rotations were measured in CHC13 solution at 2VC on a JASCO DIP-360 polarimeter unless 

otherwise mentioned. The organic solvents were dried over MgS04 before vacuum evaporation and a 

column chromatography was carried out with silica gel (Wakogel C-200). 

1 , l -Dimethylethyl  N-[(1S)-3-Methoxycarbonyl-l-trityloxymethyl-2-(E)-propenyl]- 

carbamate (2) A mixture of 1 (3 .0  g ,  4.9 mmol) and 5 ml of 2N solution of lithium hydroxide in 

15 ml of THF-MeOH (1:l) was stirred at room temperature for 1 h. After removal of the solvents in vacuo, 

thc aqueous layer was acidified with 10% aqueous citric acid and extracted with AcOEt. The AcOEt extracts 

were washed with saturated aqueous NaCI. Drying followed by evaporation gave a residue, which was 

treated with ethereal diazomethane. After evaporation of the solvent in vacuo, the residue was purified by 
column chromatography (AcOEt:hcxane=l: 4 ) to give a-phenylseleno ester ( 2.83 g, 90 % ) as an oil, 
1~ nmr (CDC13): 1.38 (9H, s, t-Bu), 1.58-2.33 (2H, m, CH2), 2.84-3.22 (2H, m, CHzOTr), 3.56 and 

3.58 (3H, each s, OCH3), 3.45-4.20 (2H, rn, 2xCH), 4.40-4.70 (IH, m, NH), 6.80-7.61 (20H, m, 

aromatic protons); 13c-nmr (CDC13): 28.07(q), 33.87 and 34.65 (t), 38.74 and 40.15(d), 49.17 and 

49.70(d), 51.70(q), 64.91 and 65.30(t), 78.85(s), 86.10(s), 126.65, 127.48, 127.92, 128.20 and 
128.59(aromatic carbons), 135. 86(d), 143.31(s), 154.96(s), 172.45(s), 173.29 (s)). A mixture of a- 

phenylseleno ester (2.0 g, 3.1 mmol) and 30% Hz02 ( 5 ml) in AcOEt (20 ml) was stirred at room 

temperature for 15 min. After addition of AcOEt (60 ml), the organic layer was scparated and washed 
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with H20, saturated aqueous NaHC03, and saturated aqueous NaCI. Drying followed by evaporation 

gave a residue, which was purified by column chromatography (AcOEt:hexane=l: 3 ) to give 2 (1.35g, 
89%) as crystals, mp R8 "C (AcOEt-hexane), [aID -11.9'(c=1.3) ; ir vmax (nujol) 1707, 1656, 1513 

cm-l; IH nmr (CDC13): 1.44(9H, s, t-Bu), 3.25(2H, m, CHz), 3.70(3H, s, COOCH3), 4.51(H, m, 

CH), 5.26(1H, d, J=9 Hz, NH), 6:00(1H, d, J=15.8 Hz, CH=CH), 6.95(1H, dd, J=4.9 and 15.8 Hz, 
CH=CH), 7.10-7.60(15H, m, aromatic protons); 13c nmr (CDC13): 27.97(q), 51.17(d), 59.93(q), 

64.71(t), 79.38(s), 86.45(s), 120.99(t), 126.80, 127.48 and 128.20(aromatic carbons), 143.07(s), 

146.33(d), 154.82(s), 166.07(s). Anal. Calcd for C30H33N05: C, 73.90; H, 6.82; N, 2.87. Found: C, 

Double asymmmetric reaction of  2 using chiral l igand. Potassium osmate dihydratc 

(7.6 mg, 0.02 mmol) was added to a mixture of hydroquinidine 9-phenanthryl ether or hydroquinine 
9-phcnanthryl ether (38.7 mg, 0.077 mmol), K3Fe(CN)6 ( 506 mg, 1.54 mmol), and K2CO3 ( 212 mg, 

1.54 mmol) in atert-BuOH-H20(1:l, 7 ml) at room temperature. Then, 2 (250 mg, 0.51 mmol) was 

added at O"C. After being stirred at O"C for 24 h, N a ~ S 0 3  ( I  g) was added and the mixturc was stirred 

for 30 min, and extracted with AcOEt. The organic extracts wcrc washed with 5% aqueous H2SO4, 

H20,  saturated aqueous NaHC03, and saturated aqueous NaCI. Drying followed by evaporation gavc 

a rcsidue. A half poltion was used for purification by column chromatography (AcOEt:hexane=l: 3 ) 

to determine the chemical yields and other half was converted to the corresponding diacctate (excess 

pyridine, acetic anhydride, room temperature, 13 h). The ratio of 3 b  and 4b  was determined by hplc 

analysis (Waters, Radial pak cartridge, silica gel(lOp), AcOEt: hexane=l:4 as the eluent). 3b: oil, [nID 
+45S0(c=0.7); I H  nmr (CDC13): 1.38(9H, s, t-Bu), 1.75 and 2.11 (2x3H, each s, 2-CH3), 3.10-3.20 

(2H, m, CHZ), 3.69(3H, s, COOCH3), 4.12(1H, m, CH), 4.90(1H, d, J = l l  Hz, NH), 5.22(1H, m, 

CH), 5.51(1H, dd, J=1.7 and 10 Hz, CH), 7.09-7.64(15H, m, aromatic protons); 13c nmr (CDC13): 

20.27(q), 20.47(q), 28.21(q), 49.17(d), 52.53(q), 61.35(t), 69.98(d), 79.96(s), 86.69 (s), 127.09, 
127.77 and 128.59(aromaticcarbons), 143.02(s), 154.77(s), 168.43(s), 169.29(s), 170.14(s). 4b: mp 

152-153'C (AcOEt-hexane), [ a ] ~  -32.2'(c=0.5), I H  nmr (CDC13): 1.41(9H, s, t-Bu), 1.97 and 2.04 

(2x3H, each s, 2-CH3), 2.90-3.30(2H, m, CHz), 3.69(3H, s, COOCH3), 3.95-4.10 (lH,m, CH), 4.80- 

5.00(2H, m, NH, CH), 5.62-5.75(1H, m, CH), 7.05-7.50(15H, m, aromatic protons); 13c nmr (CDC13): 

20.17(q), 20.32(q), 28.17(q), 50.87(d), 2.48(q), 62.47(t), 70.46(d), 79.57(s), 86.64(s), 126.99, 

127.72 and 128.31(aromatic carbons), 143.07(s), 55.06(s), 07.34(s), 69.38(s), 69.82(s). Anal. Calcd 
for C34H3gNOg: C, 67.42; H, 6.4% N, 2.31. Found: C, 67.55; H, 6.64; N, 2.20. 

1 , l -Dimethylethyl  N-[(1R,2R,3S)-2,3-Bis(methoxymethyloxy)-3-methoxycarbonyl-l- 

trityloxymethylpropanyl]carbamate (3c) A mixturc of 3a and 4a (1.0 g, 1.92 mmol), 

prepared from 2 by dihydroxylation using hydroquinine 9-phendnthryl ether, N,N-diethylaniline (2.3 g, 

15.5 mmol), and chloromethyl methy ether (1.24 g, 15.5 mmol) in CH2C12 (15 ml) was stirred at room 

tcmpcrature for 30 h. After addition of AcOU (100 ml), the mixture was washed with 5% aqueous HCI, 

H20, saturated aqueous NaHC03, and H20. Drying followed by evaporation gave a rcsidue, which was 

purified by column chromatography (AcOEt:hexane=l: 4) followed by recrystallization from AcOEt-hexane 
to give 3 b  (0.99 g, 78%) as cystals, mp 73-74 "C(Ac0Et-hcxane), [aID -49.1" (c=l) ; ir v max (nujol) 
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1755, 1714 I H  nmr(CDC13): 1.41(9H, s, t-Bu), 3.10-3.40(2H, m, CH2), 3.20 and 3.24 (2x3H, 

cach s, 2xOCH3), 3.72(3H, s, COOCH3), 4.11-4.36(3H, m, 3xCH), 4.44-4.69(4H, m, 2xCH2), 5.22 

(IH, d, J=8 Hz, NH), 7.10-7.49 (15H, m, aromatic protons); 1 3 ~  nmr (CDC13): 28.06(q), 50.49(t), 

51.65 (d), 55.89(q), 56.43(q), 62.33(t), 75.38(d), 77.38(d), 78.99(s), 86.30(s), 96.78(1), 97.02(t), 

126.80, 127.53 and 128.13(aromaticcarbons), 143.12(s), 155.16(s), 170.46(s). Anal. Calcd for 
C34H43NOg: C, 66.97; H, 7.11; N, 2.30. Found: C, 66.71; H, 7.33; N, 2.11. 
1 , l -Dimethylethyl  N-[(1R,2R,3R)-2,3-Bis(methoxymethyloxy)-4-hydroxy-l-trityloxy- 

methylbutyllcarbamate (5) A mixture of NaBH4 ( 500 m g, 13.2 mmol) and 3c (1.7 g, 

2.79 mol) in EtOH (20 ml) was stirred at room temperature for 13 h. After addition of AcOEt (100 ml), 

the mixture was washcd with half-saturated aqueous NaCI. Drying followcd by evaporation gave a 

residuc, which was purified by column chromatography (AcOEt:hexane=l:l) to give 5 (1.38 g, 85 %) as 
an oil,  ID -19.7" (c=l) ; ir v Wax (neat) 3440, 1710, 1026 an-1; 1~ nmr (CDC13): 1.43(9H, s, t- 

Bu), 2.94-3.40(2H,m, CHI), 3.25 and 3.31(2x3H, e a c h ~ ,  2xOCH3), 3.40-4.36(6H, m, 3xCH, 

CHZ, OH), 4.40-4.15(4H, m, ZxCHz), 5.18(1H, d, J=10 Hz, NH), 7.01-7.62(15H, m, aromatic 
protons); 13c nmr (CDC13): 28.36(q), 50.29(d), 55.70(q), 56.09 (q), 62.08(t), 62.76(1), 77.53(d), 79.24 

(s), 81.09(d), 86.45(s), 97.85(t), 98.09(t), 26.94, 127.62 and 128,45(aromaticcarbons), 143.17 (s), 

155.16(s); ms mlz 338 (Mt-Tr). 

I,l-DimethyIethylN-[(lR,2R,3R,4R)- and (lR,2R,3R,4S)-2,3-Bis(methoxymethoxy)-4- 

hydroxy-1-trityloxymethyl-5-hexenyl]carbaat (7 and 8) 

Dimethyl sulfoxide (455mg, 5.8 mmol), was addcd at -78°C to a solution of oxalyl chloride (460 mg, 

3.62 mmol) in THF (8 ml). The mixture was stirred at -40 - -50°C for 3 min. Then a solution of 5 
(850 mg, 1.46 mmol) in THF (3 ml) was added at -10°C. After being strred at -10'C for 40 min, TEA 

(730 mg, 7.3 mmol) was addcd, and the mixture was recooled at -78"C, and vinylmagnesium bromide 

(7.3 ml of 1 M solution in THF) was added at -78'C. After being stirred at -78°C for 30 min, the mixture 
was treated with EtOH (0.5 ml) and saturated aqueous NHqCl(3 ml), and then extracted with AcOEt . 

The organic layers were washed with half-saturated aqueous NaCI. Drying followed by evaporation 

gave a residue, which was purified by column chromatography (AcOEt:hexane=1:2 ) to give 7 (466 mg, 
53%) and 8 (52 mg, 6%) as an oil. 7: [a ID -15.3" (c=l) ; u v (neat) 3434, 1705 cm-1; 1~ nmr 

(CDC13): 1.40(9H, s, t-Bu), 3.10-3.40(2H, m, CHz), 3.27 (6H, s, 2xOCH3), 3.40-4.70(9H, m, 4 x 

CH, 2xCH2, OH), 5.10-5.50 (3H, m, NH, CH2=CH), 5.74-6.20(1H, m, CHz=CH), 7.10-7.50(15H, 
m, aromaticprotons); 13~nmr(CDC13): 28.31(q), 50.58(d), 55.80(q), 56.23(q), 62.23(t), 71.93(d), 

77.92(d), 79.19(s), 81.67(d), 86.55(s), 97.95(t), 98.09(t), 116.12(t), 126.99, 127.72 and 128.50 
(aromatic carbons), 137.17(d), 143.27 (s), 155.21(s); ms mlz 606(Mf), 364(Mf-Tr). 8:  [ a ID  -22.0" 

(c=l) ; ir v max (neat) 3436, 1705 cm-I; I H  nmr (CDC13): 1.41(9H, s, t-Bu), 3.00-3.50(2H, m, 

CHZ), 3.24 and 3.34(2x3H, cach s, 2x OCH3), 3.69-4.72(9H, m, 4xCH, 2xCH2, OH), 5.10-5.58 

(3H, m, NH, CH2=CH), 5.65-6.09(1H, m, CHz=CH ), 6.98-7.51(15H, m, aromatic protons); I 3 c  nmr 

(CDC13): 28.31(q), 50.58(q), 55.80(q), 56.28(q), 62.23(t), 71.93(d), 77.92(d), 79.19(s), 81.67(d), 

86.55(~), 97.95(t), 98.09(t), 116.12(t), 126.99, 127.72 and 128.50(aromaticcarbons), 137.17(d), 

143.27(s), 155.21(s); ms mlz 607(M+-I), 364(Mf-Tr). 
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(2R,3R,4R,5R)-N-tert-Butoxycarbonyl-3,4-bis(methoxymethoxy)-2-trityloxymethyl-5- 

vinylpy rrolidine(9a) A mixture of 7 (200 mg, 0.33 mmol), methanesulfonyl chloride (75 
mg, 0.66 mmol), and TEA (66 mg, 0.66 mmol) in CH2C12 (4 ml) was stirred at O" C for 30 min. After 

dilution with AcOEt, the mixture was washed with HzO, saturated aqueous NaHC03, and H2O. Drying 

followed by evaporation gave a residue, which was treated with potassium tert-hutoxide(56 mg, 0.5 mmol) 

in THF (4 ml) at O"C for 15 min. After dilution with AcOEt, the mixture was washed with half-saturated 

aqueous NaCI. Drying followed by evaporation gave a residue, which was purified by column chromato- 
graphy (Ac0Et:hexane =1:4) to give 9a (150 mg, 78%) as an oil, [aID -16So(c=1) ; ir v (neat) 

1699, 1600, 1040 cm-l; IH nmr (CDC13): 1.24 and 1.33 (9H, each s, t-Bu), 2.87-3.52(2H, m, CHI), 

3.20 and 3.42 (2x3H, each s, 2xOCH3), 3.92(1H, m, CH), 4.00-4.61(5H, m, 3xCH, CHz), 4.73(2H, 

m, CH2), 4.93-5.30(2H, m, CHz=CH), 5.60-6.05(1H, m, CHz=CH), 7.08-7.57(15H, m, aromatic 

protons); 13c nmr (CDC13): 28.17(q), 55.26(q), 55.41(q), 61.16 and 61.50(each t), 63.69 and 63.98 

(each d), 66.90 and 67.64(each d), 79.38(s), 79.63(d), 83.33(d), 86.45(s), 94.44(t), 94.93(t), 115.88(t), 

126.80, 127.58 and 128.55(aromatic carbons), 136.54(d)> 143.80(s), 153.45(s); ms mlz 588(Mf-I), 

346(M+-Tr). 

(2R,3R,4R,5R)-N-tert-Butoxycarbonyl-3,4-bis(methoxymethyloxy)-5-hydroxymethyl-2- 
trityloxymethylpyrrolidine (9b) A solution of 9a ( 110 mg, 0.19 mmol) in CH2Cl2 (6 ml) 

wds added at -78°C to 6 ml of CH2Cl2 saturated with ozone, then ozone was bubbled further 5 min at 

-78°C. Then, this solution was added to a suspension of NaBH4 (43 mg, 1.13 mmol) in EtOH (6 ml) at 

(PC. After being stirred at O"C for 15 min, the mixture was diluted with AcOEt-benzene ( l : l ,  50 ml) 

and washed with half-saturated aqueous NaC1. Drying followed by evaporation gave a residue, which 
was purified by wlumn chromatography (AcOEt:hexane=2:1) to give 9 b  (99 mg, 93 %) as an oil, [aID 
-34.6"(~=1) ; u v (neat) 3378, 1672, 1038 cm-1; 1~ nmr (CDC13): 1.25 (9H, cach s, t-Bu), 2.90- 

3.20(2H, m, CHI), 3.22 and 3.42 (2x3H, each s, 2xOCH3), 3.40-3.60(2H, m, CHz), 3.60-4.40(7H, 
m, 4xCH, CH2, OH), 4.73(2H, s CHz), 7.04-7.58(15H, m, aromatic protons); 13c nmr (CDC13): 28.12 

(q), 55.36(q), 55.55(q), 61.06(t), 64.23(t), 64.52(d), 60.81( d), 79.04(d), 80.55(s and d), 86.40(s), 

94.49(t), 94.97(t), 126.84, 127.58 and 128.50(aromatic carbons), 143.71(s), 155.25(s); ms m/z 594 

(Mf +I )  

(2R,3R,4R,5R)-3,4-Dihydroxy-2,5-dihydroxymethylpyrrolidine (10a) 

A mixture of 9 b  (80 mg, 0.13 mmol) , 10% aqueous HCI (2 mi), and MeOH (2 mi) was stirred at 70°C 

for I h. After removal of the methanol in vacuo, the insoluble materials were filterd off, and the filtrate was 
placed on a Dowex SOW-X8 (Hf form) column (15 ml), washed with 30 ml of HzO, and eluted with 

0.6 N NH40H. Freeze-drying of the appopriate fractions gave a residue, which was crystallized from 

MeOH-ether to give 10a  (17 mg, 77 %) as crystals, mp 113-114"C, [ a ] ~  t54.0" (c-1, H2O); 1~ 

nmr (D20, DHO: 6=4.70) : 2.90-3.10(2H, m), 3.45-3.72(4H, m), 3.72-3.82(2H, m); 13C nmr (D20, 

internal standard: dioxane 6 =67.4): 62.09(t), 62.53(d), 78.03(d). Anal. Calcd for C6H13N04: C, 44.16; 

H, 8.03; N, 8.58. Found: C, 44.50; H, 7.85; N, 8.44. 

Physical  and spectral data of 9c, 9d and l o b  
9c: [ n ] ~  -24.8"(~=1) ; u v (neat) 1698, 1600, 1038 an-1; I H  nmr (CDC13): 1.35(9H, s, t-Bu), 
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3.10-3.40(2H, m, CHZ), 3.24 and 3.27 (6H, each s, 2xOCH3), 3 .77-4.10(2H, m, 2xCH), 4.10-4.90 

(6H, m, 2xCH, 2xCH2), 5.04-5.33(2H, m, CH2=CH), 5.61-6.04(1H, m, CH2=CH), 7.09-7.52(15H, 
m, aromatic protons); 13c nmr (CDCl3): 28.26(q), 55.36(q), 55.7S(q), 62.47( t), 62.18(d), 78.94(d), 

79.77(s), 80.21(d), 86.45(s), 95;51 and 95.61(t), 117.20(t), 126.75, 127.58 and 128.65 (aromatic 
carbons), 135.17(d), 143.80(s), 154.62(s). 9d: [aID +9.2"(c=0.8) ; ir v (neat) 3376, 1675, 1040 
r n l  IH nmr(CDC13): 1.34 (9H, each s, t-Bu), 3.00-3.50(2H, m, CHz), 3.22 and 3.35 (2x3H, each 

s, 2xOCH3), 3.50-3.80(2H, m, CH2), 3.80-4.80(7H, m, 4xCH, CH2, OH), 4.68(2H, s, CH2), 7.69- 

7.55(15H, m, aromatic protons); 13c nmr (CDC13): 28.26(q), 55.50(q), 55.94(q), 61.79 (t), 63.01(t and 

d), 64.13(d), 77.14(d), 80.11(d), 80.80 (s), 86.49(s), 95.46(t), 126.94, 127.67 and 128,59(aromatic 
carbons), 143.60(s), 154.80(s). l o b :  mp 133-136"C, [aID t26.3' (c=0.8, MeOH); IH nmr (D20, 

DHO: 6=4.70), 2.90-3.12(1H, m), 3.18-3.42(1H, m), 3.502-3.87(5H, m), 3.88-4.11 ( lH,  m); 13c 
nmr (D20, internal standard:dioxane 6=67.4): 60.52(t), 61.40(d), 62.62(t), 65.39(d), 77.72(d), 79.53(d). 

1,l-Dimethylethyl N-[(lR,ZR,3S)- and (lR,2S,3R)-2,3-Bis(tert-butyldimethylsilyloxy)- 

3-methoxycarbonyl-l-trityloxymethylpropanylcarbamate (3d and 4d) A mixture of 3a 

and 4a (1.0 g, 1.92 mmol), prepared from 2 by dihydroxylation using hydroquinine 9-phenanthryl 

ether, tert-butyldimethylsilyl chloride (1.64 g, 9.6 mmol), and imidazole (1.22 g, 17.9 mmol) in DMF 
(10 ml) was stirred at room temperature for 40 h. After dilution with AcOEt-benzene (2:l, 150 ml), the 

mixture was washed with half-saturated aqueous NaCl (xS). Drying followed by evaporation gave a 

residue, which was purified by column chromatography (AcOEt:hexane=l:R) to give 3d (0.24 g, 
17%) and 4d (0.98 g, 68%) as an oil. 3d:  [aID -28.lS(c=1) ; ir v (neat) 1761,1711 m-1;  1~ 
nmr(CDC13): -0.36, -0.08, 0.00, and0.07(12H, each s, 4xCH3), 0.82(18H, s, 2xt-Bu), 1.35(9H, s, t- 

Bu), 2.60-2.83 (lH, m, CklzO), 3.40-3.60(1H, m, C b O ) ,  3.65(3H, s, COOCH3), 3.90-4.29(2H, m, 

2xCH), 4.48-4.58(1H, m, CH), 5.74(1H, d, J=10 Hz, NH), 7.10-7.50(15H, m, aromatic protons). 1 3 ~  
nmr(CDCI3): -5.60, -5.27 and -4.73(q), 17.64 and 17.84(s), 25.34(q), 25.53(q), 28.12(q), 51.36(q), 

54.04(d), 63.01 (d), 70.46(d), 73.14(d), 78.07(s), 86.20(s), 126.80, 127.58 and 128.35(aromatic 
carbons), 143.41 (s), 155.55(s), 171.67(s); ms mlz 750 ( M t t l ) .  4d: [aID -29.0'(c=0.9) ; ir v max 

(neat) 1753, 1714 cm-'; IH nmr (CDC13): -0.29, -0.22, 0.05 and 0.11(12H, each s, 4xCH3), 

0.77, 0.85, 0.94 and 1.00 (18H, each s, 2xt-Bu), 1.41 and 1.46(9H, each s, t-Bu), 2.62-2.96(1H, 
m, C b O ) ,  3.13-3.37(1H, m, CmO),  3.67(3H, s, OCH3), 4.11-4.82(3H, m, 2xCH, NH), 7.13- 

7.57 (15H, m, aromatic protons). 13c nmr (CDC13): -5.36, -5.11 and -4.68(q), 17.79 and 18.13(s), 

25.54 (q), 28.17(q), 28.36(q), 49.71 and 49.80(d), 51.31 and 51.65(q), 62.72 and 63.15(t), 

71.68 and 71.97(d), 72.51 and 72.71(d), 78.75(s), 79.48(s), 86.40(s), 126.80, 127.57 and 

128.50(aromatic carbons), 143.75(s), 154.52(s), 155.66(s), 171.63(s); ms rniz 750 (Mft l ) .  

1,l-Dimethylethyl N-[(lR,2S,3S)-2,3-Bis(tert-butyldimethylsilyloxy)-4-hydroxy-l- 
trityloxymethylbutylyl]carbamate (6) LiBH4 (30 mg, 1.43 mmol) was added to a solution 
of 4d (300 mg, 0.4 mmol) in ether (6 ml) at room temperature, and then LiBHEt3 (0.3 ml of 1 M solution 

in THF) was added. After being stirred at room temperature for 15 min, the mixture was quenched with 
0.9 ml of 1N H2S04 and diluted with ether. After washings with H20, saturated aqueous NaHC03, and 

saturated aqueous NaCI, drying followed by evaporation gave a residue, which was purified by column 
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chromatography (AcOEt:hexane=l:6) to give 6 (147 mg, 52%) as an oil, [aID -25.8"(c=0.9) ; ir v mdx 

(neat) 3442, 1701, 1105 cm-l; IH nmr (CDC13): -0.33, -0.02 and 0.10(12H, each s, 4xCH3), 0.70 

and 0.90(18H, each s, 2xt-Bu), 1.41 (9H, s, t-Bu), 1.72(1H, br s, OH), 2.60-3.16(2H, m, CH2OTr), 

3.30-4.00(4H, m, 2xCH, CHZO), 4.17-4.77(2H, m, CH, NH), 6.97-7.58(15H, m, aromatic protons); 

I k - n m r  (CDC13): -5.12, -4.53 and -4.39(q), 17.79(s), 25.63(q), 25.78(q), 28.36(q), 48.24 and 49.12 

(d), 63.06 and 64.66(t), 1.49 and 72.27(d), 74.95(d), 79.04 and 79.67(s), 86.64(s), 126.84, 127.62 

and 128,59(aromatic carbons), 143.75(s), 154.82(s); ms mlz 721 (Mt). 

(2R,3S,4S)-N-tert-Butoxycarbonyl-3,4-bis~tert-butyldimethylsilyIoxy)-2-trityloxymethyl- 

pyrrolidine ( l l a )  This sample was obtained from 6 in 76% yield after column chromatography 

(Ac0Et:hexane =7:1) in the similar manner as described above in the preparation of 9a, [aID +7.2" 

(c=0.6) ; ir Vmax (neat) 1691 ; IH nmr (CDC13): -0.12, -0.04, -0.02 and 0.06(12H, each s, 

4xCH3), 0.68, 0.74 and 0.87(18H, eachs, 2xt-Bu), 1.25 and 1.45(9H, s, t-Bu), 2.89-3.55(3H, m, 

CH2, CH), 3.55-4.23 (3H, m, 3xCH), 4.50-4.78(1H, m, CH), 6.89-7.50(15H, m, aromatic protons); 

13c nmr (CDC13): -4.92, -4.63, -4.53 and -4.39(q), 14.08(s), 25.83(q), 28.36 and 28.50(q), 50.92 

and 51.12(t), 57.94 and 58.72(t), 60.13 and 60.28(t), 74.60 and 75.34(d), 77.58(d), 79.33 and 79.24(s), 

87.03 and 87.13(s), 126.70, 127.58 and 128.74(aromaticcarbons), 143.95(s), 154.04(s). 

(2R,3S,4S)-N-tert-Butoxycarbonyl-3,4-dihydroxy-2-trityloxymethylpyrrolidine ( l l b )  

A mixture of l l a  ( 360 mg, 0.51 mmol) in THF (7 ml) and tetrabutylammonium fluoride (1.5 ml of 

a 1 M solution in THF) was stirred at room temperature for 30 min. After dilution with AcOEt, the 

mixture was washed with half-saturated aqueous NaCI. Drying followed by evaporation gave a residue, 

which was purified by column chromatography (AcOEt:hexane=l:2) to give 1 l b  (198 mg, 81%) as 

crystals, mp 86-87"C, [ a ] ~  -22.0"(c=0.5) ; ir v max (nujol) 3430, 1680, 1074 cm-l; IH  nmr (CDC13): 

1.32(9H, brs, t-Bu), 2.40-3.05(2H, m), 3.10-3.80(4H, m), 3.90-4.45(3H, m), 6.89-7.50(15H, m, 
aromatic protons); I 3 c  nmr (CDC13): 28.36 (q), 51.31(t), 58.48(d), 61.60(t), 74.3hd), 77.77(d), 79.82 

(s), 87.33(s), 127.19, 127.96 and 128.20 (aromatic carbons), 143.21(s), 154.67(s). Anal. Calcd for 

C2gH33N05: C, 73.24; H, 6.99; N, 2.95. Found: C, 72.98; H, 7.25; N, 2.81. 

(2R,3S,4S)-N-tert-Butoxycarhonyl-3,4-dibenzyloxy-2-trityloxymethylpyrrolidine ( l l c )  

A suspension of NaH (75 mg, 1.89 mmol, 60% oil suspension) in THF (2 ml) was added at O"C to a 

solution of l l b  ( 300 mg, 0.16 mmol) in DMF (2 ml). After being stirred att room temperature for 30 

min, bcnzyl bromide (360 mg, 2.1 mmol) was added and the mixture was stirred at room temperature for 

1.5 h. After dilution with AcOEt-benzene (l:l ,  100 ml), the mixture was washed with half-saturated 

aqueous NaCI. Drying followed by evaporation gave a residue, which was purified by column chromato- 
graphy (AcOEt:hexane=l:4 ) to give l l c  ( 330 mg, 80%) as an oil, [aID +5.93"(c=0.5) ; u v ,,, 
(neat) 1691 cn-l ;  IH  nmr (CDC13): 1.25 and 1.44(9H, each br s, t-Bu), 2.98-3.58(3H, m, CH2, CH), 

3.58-3.88(1H, m, CH), 3.88-4.36(2H, m, 2xCH), 4.36-4.80(5H, m, 2xOCH2Ph,CH), 6.89-7.50(15H, 

m, aromatic protons); 13c nmr (CDC13): 28.36 (q), 49.36(t), 57.02 and 57.84(d), 60.57(t), 72.02(t), 

72.80(t), 79.47(s), 79.48(d),79.96(d), 82.49(s), 87.13(s), 126.70, 127.58, 128.16 and 128.35 

(aromatic carbons), 138.05(s), 143.95(s), 153.93(s); ms mlz 654 (M+-I), 412(M+-Tr). 
(ZR,3S,4S)-N-Benzyl-3,4-bis(benzyloxy)-2-hydroxymethylpyrrolidine (12) 
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A mixture of l l c  (295 mg, 0.45 mmol), 10% aqueous HCI (3 mi), and MeOH (3 ml) was stirred at 70°C 
for 1 h, then basified with 2N NaOH and extracted with AcOEt. AcOEt extracts were washed with H2O. 

Drying followed by evaporation gave a residue, which was benzylated with benzyl bromide (190 mg, 

1.12 mmol) in the presence of K2CO3 (190 mg, 1.40 mmol) in acetone (3 rnl) at room temperature for 

1.5 h. Then, filtration followed by evaporation and purification with column chromatography (AcOEt : 
hexane l :  2) gave 1 2  (59 mg, 32%) as crystals, mp 53-54"C(ether-hexane), [aID -35.8"(c=0.4) (lit.,1° 

[aID -34.0"(c=0.6)) ; 13c-nmr (CDC13): 55.78(t), 59.58(t), 59.86(t), 62.16(d), 71.85t), 72.07(t), 

82.22(d), 84.45(d), 127.12, 127.60, 127.70, 128.30, 128.43 and 128.9~aromaticcarbons), 137.81(s) 

138.01(s). Anal. Calcd for C26H29N03: C,77.39 ; H,7.24 ; N, 3.47. Found: C, 77.15; H, 7.48; N, 3.59. 

(2R,3S,4S)-N-Benzyl-3,4-bis(benzyloxy)-l-hydroxy-2-(4-methoxyphenyl) mehtyl- 

pyrrolidine (13a) 12 (120 mg, 0.30 mmol) was oxidized by the method of Swern 5a (82 

mg (0.64 mmol ) of oxalyl chloride, 112 mg (1.42 mmol) of DMSO, 2 ml of CH2C12, -10"C, 20 min, 

then 150 mg (1.48 mmol )of  TEA). The crude aldehyde in ether (2 ml) was added at -10°C to a solution of 

4-methoxyphenylmagnesium bromide (1.3 ml of 0.8 M solution in ether). After being stirred at reflux 
temperature for lh ,  fhe mixture was quenched with 1 ml of 10% aqueous NH4C1, and diluted with AcOEt. 

Washing with half-saturated aqueous NaCl followed by drying and evaporation gave a residue, which 

was purificd by column chromatography (AcOEt:hexanc=1:4 ) to give 13a  ( 83 mg, 51 % yicld) as an 
oil, [alD tl6.4" (c=1.2) ; u v max. (neat) 3463, 1608, 1107 cm-1; IH nmr (CDC13): 2.39(1H, dd, 

J 4 . 5  and 10.3 Hz, CH), 3.09-3.68(4H, m, 2xCH, OH, NCmPh),  3.73(3H, s, OMe), 3.98-4.20(3H, 

m, 2xCH, NCmPh), 4.47(2H, s, OCHzPh), 4.48 and 4.66(2H, AB, J=12Hz, OCHzPh), 4.94(1H, d, 

J=2.8 Hz, CH), 6.80(2H, d, J=9 Hz, aromatic protoncs), 7.09-7.36(17H, m, aromatic protons); 1 3 ~  
nmr (CDC13): 54.43(t), 55.07(q), h1.40(t), 68.95(d), 70.07(d), 71.88(t), 72.71(t), 81.48(d), 83.62(d), 

113.45(d), 126.80-128.65(aromaticcarbons), 135.86(s), 137.90(s), 138.15(s); ms mlz 510(MCt1), 

508(Mt-1). 

(2R,3S,4S)-N-Benzyl-3,4-bis(benzyloxy)-2-(4-methoxybenzyl)pyrrolidine (13b) 

Trifluoroacetic acid (57mg, 0.5 mmol) was added to a solution of 13a  (53 mg, 0.11 mmol) and tricthyl- 

silane (28 mg, 0.25 mmol) in CH2C12 (3 ml) at 0°C followed by addition of trifluoromethanesulfonic 

acid (15 mg, 0.1 mmol). After being stirred at O"C for 2 h, the mixture was diluted with AcOEt and washed 

with 1N NaOH, HzO, and saturated aqueous NaCI. Drying followed by evaporation gave a residue, 
which was purified by column chromatography (AcOEt:hexane=l:2.5 ) to give 1 3 b  ( 32 mg, 60 %, [aID 

-74.1e(c=0.4) ; ir V max (neat) 1614, 1508 cm-l; I H  nmr (CDC13): 2.10-2.34(1H, m, CH), 2.70-3.02 

(2H, m, CHZ), 3.18-3.36 (2H, m, CH, NCmPh),  3.60-3.72(1H, m, CH), 3.70(3H, s, OMe), 3.72- 

4.15(2H, m, CH, NCmPh) ,  4.31(2H, s, OCH2Ph), 4.28 and 4.41(2H, AB, J=12 Hz, OCH2Ph), 

6.70(2H, d, J=9 Hz, aromatic protons), 7.05 (2H, d, J=9 Hz, aromatic protons), 6.95-7.20(15H, m, 

aromatic protons); 13c nmr (CDC13): 32.89(t), 55.16 (q), 57.89(t), 58.87(t), 68.22(d), 71.19(t), 71.58 

(t), 81.13(d), 83.43(d), 113.54(d), 126.80-131.96 (aromaticcarbons), 139.97(s), 138.68(s); msnrlz 

492(MC-I), 372(MC-MeOCgHqCH2)) and a small amount of a monobenzyl hydroxy compound 

((2R,3S,4S)-N-benzyl-3- or 4-benzyloxy-4- or 3-hydroxy-2-(4-mcthoxybe11zyI)py1~olidine, 6 mg; 1~ nmr 
(CDC13): 2.39(1H, dd, J=3 and 12Hz, CH), 2.75-3.10(4H, m, CH2, CH, OH), 3.30-3.95(3H, m, 3x 
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CH), 3.55 and 4.10(2H, AB, J=13 Hz, NCH2Ph), 3.74(3H, s, OMe), 4.40(2H, s, OCHzPh), 6.78 

(2H, d, J=9 Hz, aromatic protons), 7.00-7.35(12H, m, aromatic protons); 13c nmr (CDCl3): 31.92(t), 

55.lh(q), 57.99(t), 58.33(t), 69.30(d), 71.39(t), 75.05(d), 82.40(d), 113.88(d), 127.61, 128.47, 

129.33, 130.18, 137.62 and 137.05 (aromatic carbons). 

(2R,3S,4S)-N-Benzyloxycarbony-3,4-dihydroxy-2-(4-methoxybenzyl)pyrralidine (14)  

A mixture of 13a  (28 mg, 0.06 mmol), 10% palladium carbon (50 mg), 99% formic acid ( 0.5 ml) in 

EtOH (2 ml) under N2 was placed in an ultrasonic bath. After sonification for 2 h at 45-55T, the catalyst 

was filtered off and washed with EtOH. The filtrate was evaporated irr vacuo to give a residue, which was 
reacted with benzyl chloroformate (20 mg, 0.12 mmol) in CH2Cl2 (4 ml) and aqueous 5% Na2C03 ( 0.24 

ml) at room tempenture for 1 h. After dilution with AcOEt, the mixture was washed with half-saturated 

aqueous NaCI. Drying followed by evaporation gave a residue, which was purified by column chromato- 
graphy (AcOEt:hexane=l:l) to give 14 (12 mg, 60%) as crystals, mp 123-126 "C (ether-hexane), [aID 

-8.T(c=0.5, MeOH) ; IH nmr (CDC13): 1.90-2.30(2H, 2xOH), 2.89(1H, dd, J=13.7 and 8.5 Hz), 3.00- 

3.46(2H, m, 2xCH), 3.60(1H, dd, 1=11.9 and 5.4 Hz), 3.77(3H, s, OCH3), 3.80-4.30(3H, m, 3xCH), 

5.15(2H, s, OCHzPh), 6.78(2H, d, J=8.3 Hz), 6.90-7.45(1OH, m, aromatic protons). Anal. Calcd for 

C20H23N0j: C, 67.21; H, 6.49; N, 3.92. Found: C, 67.03; H, 6.70; N, 4.11. 
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