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1.3.4-0-Tri a c etyl- 2 - [N- methyl, N- (di phe nyl) met hyl] - 2. 6-dideoxy

P-O( + )-galactopyranose (44): 

Protected amino sugar 35 (1 5 mg) was dissolved in 0.5 ml of dry pyridine. The 

solution was cooled to O°C and 0.5 ml of acetic anhydride was added. The reaction 

mixture was stirred at O°C for 3hrs. The solvent was removed in vacuo. The crude 

material was purified by preparative TLC (Kieselgel 60,F254, lmm; CHCI3, 

developed twice) to yield pure 44 (4 mg, 58%). 

44: Colorless oil; Rf= 0.11 (CHCI3); 1 H NMR (CDCI3) 43 1.06 (d, 3H, J= 6.5Hz), 

1.83 (s,3H, acetate CH3), 2.12 (s,3H, acetate CH3), 2.16 (s, 3H, acetate CH3), 2.23 

(s, 3H, CH3-N), 3.30 (dd, 1 H, J= 8.8, 11.2 Hz, CH-N), 3.75 (q, 1 H, J= 6.6 

HZ,C(5)H-0), 4.75 (5, 1 H, C!:!Ph2), 5.08 (d, 1 H, J= 3.0 HZ,C(4)H-OAc), 5.16 (dd, 

lH, J= 3.1,11.2 Hz, C(3)H-OAc), 5.79 (d, lH, J= 8.8 Hz, C(1)H-OAc), 7.10-

7.38 (m, 10H, unresolved); MS (EI) 469 (M+), 409 (M - AcOH), 392 (M -

C6H5), 349 (M - 2AcOH), 322 (CH3CH=CHCH(OAc)CH=tJ(CH3)CHPh2), 281 

(AcOCHCH=N(CH3)CHPh2), 237 (Ph2CH(CH3)N=C=CH-O), 222 (281 - AcO), 167 

(Ph2CH, bp); IR (neat) Vmax 2934.1, 1747.7, 1493.1, 1454.5, 1371.6, 

1224.9, 1045.6 cm- l . 

N-O i phe ny I m et hyl-l - de oxy-2,3 -di- (methoxym et hy I) -4- piva I oyl-L

azafucose (47): 

Aldehyde 46 (90 mg, 0.18 mmol) in 0.52 mL of anhydrous CH3CN was acidified with 

glacial acetic acid (8-10 eq.) to keep the pH= 5-6. NaBH3CN (12.4 mg, 0.2 mmol) 

was added to the mixture at once. The reaction was complete in 10 min (TLC). The 

mixture was diluted with H20 and extracted with EtOAc. The organic layer was dried 
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and evaporated to provide the crude 47 (48 mg), which was purified via flash 

chromatography (50% EtOAcl hexanes) to yield pure 47 (34mg, 88%). 

47: colorless oil; 1 H NMR (250 MHz, CDCI3) 0 7.45 - 7.19 (m, 10H), 5.26 

(pseudo t, J=2.4, 3.5 Hz), 5.22 (5, 1 H), 4.69 (d, J=6.7 Hz, 2H), 4.56 (dd, J=6.8, 

8.9 Hz), 3.93 (pseudo dt, J=4.5, 9.0 Hz), 3.50 (dd, J=3.3, 8.8 Hz), 3.33 (s,3H), 

3.25 (5, 3H), 3.05 (dd, J=4.3, 8.8 Hz), 2.71 (pseudo q, J=6.8 Hz), 1.93 (m,lH), 

1.29 (5, 9H), 1.24 (d, J= 6.5 Hz, 3H); 13C NMR (CDCI3) 0 142.52, 129.75, 

128.14, 128.05, 127.84, 127.31, 126.69(aromatic), 96.03 (OCH20), 95.14 

(OCH20), 73.42 (CH-O), 72.26 (Ph2CH), 65.15 (CH-O), 55.42, 55.19, 54.61, 

49.64 (CH-N), 39.16 (CH-N), 27.35 (tBu), 15.19 (CH3); IR vmax 2972.7, 

2891.7 (C-H), 1730.4 (C=O), 1479.6, 1165.5, 1033.9; [a]D -55.3° (CHCI3). 

N-Diphenylmethyl-l-deoxy-4-pivaloyl-L-( -)-azafucose (50): 

Crude aldehyde 49 was converted to azafucose 50 (80% yield) following the same 

protocol as for 47. 

50: colorless oil; lH NMR (CDCI3) 8 7.41 - 7.18 (m, 10H), 5.16 (5, lH), 5.12 

(pseudo t, J= 3.0 Hz), 3.86 (ddd, 1 H), 3.49 (dd, J=3.3, 7.7 Hz), 3.03 (dd, J= 4.0, 

11.6 Hz), 2.99 (dq, 1 H), 1.96 (dd, J=8.6, 11.6 Hz), 1.28 (5, 9H), 1.23 (d, J= 6.5 

Hz); 13C NMR (CDCI3) 0 142.30, 129.55, 128.28, 128.19, 127.84, 127.39, 

126.76 (aromatic), 74.81 (Ph2CH), 74.33 (CH-O), 69.09 (CH-O), 65.42 (CH-O), 

54.37 (CH-N), 49.77 (CH2-N), 27.31(tBu), 14.38 (CH3); IR Vmax 3443.4 

(OH), 2976.5 (C-H), 1728 (C=O), 1165.15 (C-O); [a] -41°. 



160 

N- D i ph e ny I methyl- 2 S- m ethyl- 3 S-p iva I oyl oxy-~4.5-azidine (55): 

Crude aldehyde 54 yielded 55 (84%) as described for 47. 

lH NMR (CDCI3) 87.46 -7.12 (m. 10H), 5.71 (m, lH, 1/2AB), 5.49 (m, 2H), 

4.65 (5, lH). 3.42 (pseudo q, lH), 2.99 (pseudo d, lH, 1/2AB), 2.75 (pseudo d, lH, 

112AB), 1.14 (5. 9H), 0.86 (d, J= 6.6 Hz, 3H); 13C NMR (CDCI3) 8 128.76, 

128.55, 127.93, 127.46, 127.08, 127.03, 124.2 (aromatic), 71.83 (PhCH), 

70.15 (CH-O), 49.30 (CH-N), 45.5 (CH2-N), 27.1 (tBu), 4.2 (CH3); IR vmax 

2974.6 (C-H), 1728.4 (C=O), 1157.4 (C-O), [o.]D +58.6°. 

N-Diphenylmethyl-l-deoxy-4-pivaloyl-L-( -)-azagulose (56): 

Cyclic alkene 55 was converted to azagulose 56 (80% yield) following the osmylation 

protocol A. Only the guloisomer 56 was detected (1 H NMR). 

56: colorless oil; 80%; lH NMR (CDCI3) 87.40 - 7.11 (m, 10H), 5.09 (dd, J= 

5.5, 10.0 Hz, 1 H), 4.62 (s, 1 H), 3.73 (m, 1 H), 3.58 (dt, 3.3, 9.8 Hz), 3.34 

(pseudo q, J= 6.8 Hz), 2.73 (dd, J=2.7, 12.8 Hz), 2.50 (dd, J= 9.5, 12.8 Hz), 1.12 

(5, 9H), 0.88 (d, J=6.8 Hz, 3H); 13C NMR (CDCI3) 8 128.93, 128.80, 127.49, 

127.30 (aromatic), 72.12 (PhCH), 70.83 (CH-O), 70.12 (CH-O), 69.10 (CH-O), 

51.85 (CH-N), 47.15 (CH2-N), 27.10 (tBu), 3.70 (tBu); IR vmax 3462.2 (OH), 

2992.2 (C-H), 1743.2 (C=O), 1143.3 (C-O); [o.]D -85.4 (CHCI3); calcd. for 

C27H31N04: C 74.80 %, H 7.21%. Found C 74.89 %, H 7.30 %. 
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Deprotection of pivalate and benzhydral group: 

N-Diphenylmethyl-4-pivaloyl-l-azasugar (313.4 mg, 1 mmol) was dissolved in 10 

ml of dioxane and 6.5 ml of H20. Aqueous solution of nBu4NOH (720 Jll, 1.1 mmol) 

was added at 0° C. The mixture was stirred to completion (TlC, 5% MeOH/CH2CI2). 

Upon completion the mixture was diluted with an excess of CH2C12 and the two phases 

separated. The aqueous layer was extracted three times with CH2CI2. The combined 

organic phase was washed with brine (water will generate an emulsion), dried over 

MgS04 and evaporated. When necessary, the crude material was purified via grandient 

flash chromatography (2 - 5% MeOH/CH2CI2) to yield a pure triol (typically 85%), 

which was submitted to hydrogenolysis in MeOH. One mmol of a substrate was 

dissolved in an excess of methanol (250ml) and the solution was added to an argon

purged flask with 5% Pd/C catalyst. Hydrogen was applied via rubber balloon. The 

mixture was vigorously stirred at RT for 3 hours, then it was filtered and evaporated 

to dryness. The residue was dissolved in H20, acidified with HCI (2 mmol) and washed 

with hexane twice. The aqueous solution was lyophilized and the crude sample was 

purified via ion exchange column (Oowex H+form, MeOH : 3M NH3 : H20 2:5:3) to 

yield a pure azasugar (typically 95% for the second step). 

1-Deoxy-l-( -)-azafucose (1-deoxy-l-fuconojirimycin) (51): 

51: 1 H NMR (250 MHz, 020) 3.58 (dd, J= 1.4, 3.2 Hz, 1 H), 3.48 (ddd, J= 5.3, 

9.8, 10.8 Hz, 1 H), 3.26 (dd, J= 3.2, 9.8 Hz, 1 H), 2.85 (dd, J= 5.3, 13.0 Hz, 1 H), 

2.56 (dq, J=l.4, 6.8 Hz, lH), 2.13 (dd, 10.8, 13.0 Hz, lH), 0.87 (d, J= 6.8 Hz, 

3H); 13C NMR (020) 8 75.58 (CH-O), 73.16 (CH-O), 68.31 (CH-O), 53.63 

(CH-N), 49.28 (CH2-N), 16.7 (CH3); [a]o -50°; calcd for: C6H 1 2N03: C 

48.96%, H 8.22%. Found C 49.01, H 8.25%. 
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l-Deoxy-L-( -)-azagulose (l-deoxy-L-gulonojirimycin) (57): 

57: 1 H NMR (250 MHz, 020) 0 3.95 (m, 1 H), 3.80 (pseudo t, J= 3.0, 4.4 Hz), 

3.71 (dd, J= 1.5, 3.2 Hz), 3.35 (pseudo q, J= 6.9 Hz), 2.99 (dd, J= 5.1, 12.0 Hz), 

2.86 (dd, J= 11.3, 11.7 Hz, 1 H), 1.07 (d, J=6.9 Hz, 1 H); 13C NMR (250 MHz, 

020) 0 71.31 (CH-O), 70.05 (CH-O), 63.91 (CH-O), 51.71 (CH-N), 43.91 

(CH2-N), 15.22 (CH3); [a]o + 13.5° (H20, MeOH); calcd for C6H13N03CI: C 

39.46%, H 7.17%. Found C 39.46%, H 7.22%. 
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1 a-Cyano-l-deoxy-4-pivalyl-L-(-)-azafucose (59a): 

Procedure A: Crude aldehyde 49 (720 mg, 1.71 mmol, assuming 100% purity) was 

dissolved in 23 mL of methanol. The pH was adjusted to 3 with 3% HCI (about 3.5 

mL). The mixture was stirred at RT. The reaction was complete in two hours as judged 

by TLC. The solvent was removed in vacuo, the residue dissolved in water and the 

aqueous layer washed twice with hexane to remove benzophenone. The solution was 

Iyophilyzed to yield 482 mg of the crude aminal. The crude material was dissolved in 

8.2 mL of dioxane and 6.6 mL of water. KCN (120 mg, 1 eq.) was added and the 

mixture was stirred at RT overnight. The mixture was dried in vacuo and the crude 

aminonitrile was purified by flash chromatography on silica gel (3-)4-) 5-) 7 % 

MeOH/CH2CI2; gradient chromatography) to yield pure a isomer 59a (209 mg, 46% 

over 3 steps). 

59a: crystalline, m.p. 126-128°C; 1 H NMR (250 MHz, COCI3) 0 5.16 (dd, J= 1.8, 

2.5 Hz, 1 H), 4.34 (d, J= 4.8 Hz, 1 H, aX), 3.91 (m, 2H), 3.37 (dq, J= 1.5, 6.5 Hz, 

1 H), 1.25 (s, 9H), 1.09 (d, J= 6.5 Hz, 3H); 1 3C NMR (250 MHz, 020) 0 179.30 

(C=O), 117.83 (CN), 72.53 (CH-O), 72.17 (CH-O), 67.58 (C-O), 51.52 (.c.H-CN), 

49.48 (CH-N), 29.69 (.c.Me3), 27.24 (tBu), 16.84 (Me); [a]D -91.r (CHCI3); 

calcd for C12H20N204: C 56.24%, H 7.87 %. Found C 56.28%, H 7.95%; p

isomer 59b was detected: 1 H NMR 01 P = 4.11 (dd, J = 10.2, 2.9 Hz). 

procedure B: Crude aldehyde 49 (120 mg, 0.285 mmol, assuming 100% purity) was 

covered with distilled water and 502 gas was bubbled through it for 1 hour while the 

mixture was agitated. The mixture was tightly capped and stirred for 1 2 hours at RT. 

The insoluble starting material gradually disappeared and a milky solution was formed. 

The mixture was diluted with more water and washed twice with hexane to remove 

benzophenone. The mixture was Iyophilyzed to yield crude 60 (86 mg, 97%). Crude 
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60 (86 mg) was dissolved in 0.5 mL of dioxane and 0.2 mL of H20 and KCN (18.2 mg, 

1 eq. assuming 100% purity of crude 60) in 0.2 mL of H20 was added. As judged by 

TLC, only a small amount of desired product was formed after 24 hours and therefore 

another portion of KCN (9.1 mg, 0.5 eq.) was added. After three days the solvent was 

removed and the crude material was purified via flash chromatography as described in 

procedure A to yield pure 59a (30 mg, 41 % over three steps, ex only). 
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APPENDIX 

SELECTED 1 HAND 13C NMR SPECTRA 
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