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Abstract :  Two different classes of sialyllactones were prepared as potential 
substrates for ring opening reactions with naturally occurring amino acids. The 
sialyllactones underwent reaction with glycine ethyl ester hydrochloride salt to 
afford selectively protected glycine-NeuAc adducts. The reactions could be 
performed on NeuAc derivatives capable of serving as glycosylation donors. These 
compounds represent a new class of saccharopeptides, composed of sugar amino 
acids and naturally occurring amino acids. © 1997 Elsevier Science Ltd. 

N-Acetyl  neuraminic (NeuAc) (1) acid is an important component of cell surface 

glycoconjugates involved in cellular recognition processes. 1 Synthesis of small molecule analogs 

of NeuAc is an active area of research in a number of laboratories, particularly in the context of 

making neuraminidase inhibitors. 2 In our laboratories, we are exploring the possibility of 

preparing NeuAc analogs that can be incorporated into peptide bond forming protocols. 3 In the 

past few years, several papers have appeared in the literature describing syntheses of sugar amino 

acid equivalents and their incorporation into saccharopeptides. 4 Classical peptide-bond forming 

reactions are typically employed in coupling sugar amino acids to each other and to naturally 

occurring amino acids, but there are far fewer examples of the latter coupling. In this report, we 

describe an efficient route to selectively protected glycine-NeuAc saccharopeptides via ring opening 

of sialyllactones. 

§ Affectionately dedicated to Professor Samuel J. Danishefsky for leading by example in his 
relentless pursuit of excellence. 

11039 



11040 J. GERVAY et  al. 

Sialylglycoconjugates are susceptible to intramolecular esterificafion due to the proximity of the 

anomeric carboxylic acid to neighboring hydroxyl groups. When the carboxylic acid is in the 

equatorial position, cyclization occurs either at the C-4 or C-7 hydroxyl whereas the axial 

carboxylic acid can only undergo spirocyclization (Figure 1). Sialyllactones are naturally occurring 

compounds, 5 and they are frequendy reported as byproducts in syntheses of NeuAc containing 

molecules. 6 It occurred to us that sialyllactones could serve as useful synthetic intermediates, 

providing a unique opportunity to achieve selective deprotection of strategic hydroxyl groups 

present on the NeuAc molecule. For example, ring opening reactions of sialyllactones 2-4 would 

provide routes to NeuAc analogs having the C-4, the C-7, and the glycosidic hydroxyls selectively 

unprotected. Since some of the most potent neuraminidase inhibitors known require C-4 

manipulation, 2 we initially concentrated our efforts on the synthesis of 1,4-sialyllactones and their 

subsequent ring opening reactions. 
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Our synthetic design included having the option to perform glycosylation reactions after having 

formed the amino acid-NeuAc adduct. Therefore, the anomeric benzoyl 1,4-1actone (5) was 

targeted in addition to the methyl glycoside analog (8). Syntheses of the sialyllactones are outlined 

in Scheme 1, NeuAc (1) was reacted with benzoyl chloride in pyridine according to the procedure 

of Sato et al. to provide a 1:1.3 ratio of the 1,4- and 1,7-sialyllactones, 5 and 6 respectively.7 

Interestingly, under the same reaction conditions the [~-methyl glycoside of NeuAc (7) 8 

preferentially provided the 1,4-1actone in a 3.6:1 ratio of 8:9 in 62% yield. 9 
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In order to prepare the spirocyclic lactone 12, the anomeric chloride of peracetylated NeuAc 

benzyl ester (10) 1o (1 eq.) was activated with silver triflate (1.2 eq.) in the presence of ethylene 

glycol (4 eq.) and 2,6-di-tert-butyl pyridine (2.0 eq.) to give 11. The benzyl ester facilitates the 

observed co-selectivity by stabilizing the oxonium intermediate through anchimeric assistance. The 

axial carbonium ion is less stable and more reactive than the equatorial anomer due to the reverse 

anomeric effect, and equatorial attack preferentially occurs, t0 Spontaneous lactonization often 

occurs in sialylglycoconjugates structurally related to 11, 6 but that was not the case under our 

reaction conditions. In order to effect lactonization, the co-glycoside 11 was deprotected to form 

the carboxylic acid which underwent spirocyclization upon reacetylation providing 12 in 47% 

yield. 

Scheme 1 
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Ring opening of the 1,4-1actone 5 with glycine ethyl ester hydrochloride salt (3.0 eq.), in the 

presence of DMAP (3.1 eq.) proceeded slowly (Scheme 2). After several days of reaction in 

deuterated DMSO at 100°C, NMR showed complete disappearance of starting material and 13 was 

obtained in 26% yield after purification. Reaction of 8 proceeded similarly to give 14 in 34% 

isolated yield. The yields of these reactions were disappointingly low, suggesting that the product 
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was undergoing decomposition and/or polymerization. Better results were realized by performing 

the reaction for a shorter time; and although starting material remained, it could be recycled. For 

example, the spirocyclic lactone 12 was subjected to ring opening in pyridine (120°C) to give the 

glycine-NeuAc adduct 16 in 50% yield after 48 hrs. 11 Deprotection of 14 and 16 afforded 

saccharopeptides 15 and 17, respectively. These compounds did not inhibit clostridial sialidase at 

0.2mM concentrations. 12 
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The slow rates of these reactions may be a consequence of steric congestion, since the lactone 

carbonyl is a neopentyl-like center and/or poor nucleophilicity of the amine functionality. 13 As a 

consequence, it may be difficult to introduce more sterically demanding amino acids in this 

fashion. Nonetheless the glycine component may serve to link NeuAc to other amino acids 

through peptide bond formation with the NeuAc-glycinyl acid functionality. These reactions offer 

routes into a new class of compounds, composed of sugar amino acids and naturally occurring 

amino acids, that may be useful in combinatorial approaches to drug development. In addition to 

providing selectively protected adducts, a new type of sialyl donor (13) has been prepared and its 

glycosylation is currently under investigation in our laboratories. 
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Experimental Section: 
Methyl  (methyl-5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-~-D-manno-2,  

nonulopyranosid)oate (7a): N-acetylneuraminic acid (1) (1 g, 3.23 mmol ) was dissolved in 

150 mL of distilled methanol. Dowex 50 (H +) resin (2.0 g) was added to the solution, and the 

resulting mixture was refluxed with stirring under argon for 48 hours. The Dowex 50 (H +) resin 

was filtered and washed with cold methanol. The filtrate and washings from the resin was 

evaporated in vacuo to give a yellow syrup. The crude product (903 rag, 83%) contained a 

mixture of ~- and [~-anomers. Recrystallization from diethyl ether-methanol (3:1) afforded pure 

white crystals of 7a (540 mg, 55% yield). 

Data for 7a: IH NMR (250MHz, D20) ~ 1.74 (dd, J =  13.0, 11.3 Hz, H3a×), 2.00 (s, Ac), 2.35 

(dd, J = 13.2, 4.77 Hz, H3eq), 3.23 (s, Me), 3.57 (d, J = 9.4 Hz, H7), 3.62 (dd, J = 12.0, 5.8 

Hz, H9), 3.82 (s, Me), 3.79-3.77 (m, H9'), 3.85-3.82 (m, H6, H8), 3.86 (d, J = 8.7 Hz, H5), 

3.98 (dd, J = 11.0, 4.3 Hz, H4). 

Methyl-5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-~-D-manno-2- 

nonulopyranosidic acid (7): Compound 7a (500 mg, 1.48 mmol) was dissolved in 15 mL of 

0.06N NaOH. The mixture was stirred at room temperature for 3 hours, then neutralized with 

Dowex 5(} (H +) resin and lyophilized to give 7 as a white powder (432 rag, 90%). 

Data for 7" IH NMR (250MHz, D20) ~ 1.69 (dd, J = 13.0, 11.2 Hz, H3ax), 1.99 (s, Ac), 2.32 

(dd, J = 13.2, 4.8 Hz, H3cq), 3.21 (s, Me), 3.52 (d, J = 9.5 Hz, H7), 3.60 (dd, J = 11.9, 5.7 Hz, 

Hg), 3.79 (dd, J = 12.2, 5.7 Hz, H9'), 3.82-3.76 (m, H6, H8) 3.88 (d, J = 10.2 Hz, H5), 3.97 

(dd, J = 11.3, 5.0 Hz, H4). 

Methyl-5-acetamido-7,8,9-tri.O-benzoyl-3,5-dideoxy-fl-D-manno-2- 

nonulopyranoside-l,4 lactone, (8) and Methyl-5-acetamido-4,8,9-tri-O-benzoyl- 

3,5-dideoxy,fl.D-2.manno-nonulopyranoside-l,7 lactone, (9): Compound 7 (280 rag, 

(}.866 mmol) was diluted in 7 mL of dried pyridine and benzoyl chloride (0.78 mL, 6.76 mmol) 

was added dropwise to the reaction mixture over a period of 30 minutes at 0°C. The reaction 

mixture was stirred under nitrogen and allowed to warm to room temperature. Stirring was 

maintained at room temperature for 18 hours. Ice cold water was then poured into the reaction 

flask, and the mixture was extracted with ethyl acetate. The extraction step was repeated four 

times. After the fifth extraction, the organic layer was washed with brine and water, and dried 

over magnesium sulfate. The resulting mixture was evaporated in vacuo to give a yellow syrup. 

The residue was separated and purified by silica gel column chromatography. A solvent mixture of 

7:3 (benzene : acetone) was used. The different eluents collected were evaporated in vacuo to give 

267 mg (51%) of 8 (Rf = 0.26) and 70 mg (14%) of 9 (Rf = 0.39). 

Data for 8: 1H NMR (250MHz, CDCI3) 51.90 (s, Me), 2.19 (dd, J = 13.1, 5.4 Hz, H3proR), 3.26 

(dd, J =10.1, 7.2 Hz, HS), 3.41 (apparent t, J = 13.1 Hz, H3proS), 3.42 (s, Me), 4.39 (dd, J 
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=12.4, 6.1 Hz, Hg), 4.69 (d, J =10.1 Hz, H6), 4.85 (d, J =5.4 Hz, 1-14), 4.87 (dd, J =12.4, 2.6 

Hz, H9'), 5.57 (d, J =7.1 Hz, HT), 5.88-5.85 (m, HS), 6.24 (d, J = 7.2 Hz, NH), 7.91-7.22 (m, 
phenyl H's). 13C NMR (75MHz, CDC13) 8170.9, 170.1, 166.4, 165.9, 165.2, 134.1, 133.5, 

133.1, 129.9, 129.6, 129.5, 129.3, 129.1, 128.7, 128.5, 128.3, 128.1, 97.4, 72.1, 69.9, 69.7, 

63.1, 52,3, 51.3, 32.4, 23.1. FABMS m/z calcd for C33H31OllN: 617.1897, found 640.1802 

(M + Na). 

Data for 9: 1H NMR (250MHz, CDCI3) 81.89 (s, Me), 2.09 (dd, J =7.8 Hz, H3), 4.38 (s, HS), 

4.56 (dd, J =12.5, 4.1 Hz, H9), 4.85 (s, H6), 4.89 (dd, J = 12.5, 4.5 Hz, H9), 5.37 (s, HT), 

5.56-5.53 (m, HS), 6.32 (d, J = 7.8 Hz, NH), 7.90-7.06 (m, phenyl H's). 13C NMR (75MHz, 

CDCI3) 8169.6, 165.7, 165.3, 164.5, 162.2, 134.4, 133.6, 133.4, 133.1, 130.4, 130.3, 129.9, 

129.8, 129.6, 129.5, 129.4, 129.0, 128.7, 128.6, 128.5, 128.5, 128.3, 128.2, 95.1, 76.1, 

71.4, 71.1, 67.9, 61.8, 51.8, 48.2, 34.2, 22.9. FABMS m/z calcd for C33H31OIIN 617.1897, 

found 64{).1804 (M + Na). 
Benzyl (glycolyl- 5.acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-[J-o-manno-2- 

nonulopyranosidi)oate (11): CaCO 3 (3(X~ rag) and AgOTf (145 rag, 0.56 retool, 1.50 eq) 

were weighed into a 3-neck round bottom flask under argon and THF (5 mL) was added. To this 

suspension, 2,6-di-tert-butylpyridine (0.168 mL, 0.75 mmol, 2.00 eq) was added followed by 

ethylene glycol (0.079 mL, 1.42 mmol, 3.8 eq). The white slurry was cooled to -55°C and a 

solution of the sialyl chloride (10) 10 (220 mg, 0.37 mmol, 1 eq) in THF (3 mL) was added slowly 

over 1.5 h via syringe pump. The reaction was kept at -55°C for an additional hour and allowed to 

slowly warm to 0°C over 3h where it was maintained overnight. The reaction was quenched by 

dilution with CH2C12 and filtered. The organic layer was washed successively with saturated 

NaHCO 3 solution, H20 and brine before being dried over MgSO4 and concentrated. The residue 

was purified by flash column chromatography (6:4 hexanes/acetone) to give 60 mg (26%) of 11 

(Rf = 0.10). 

Data for 11: 1H NMR (250 MHz, CDC13) 8 1.85 (s, 3H, NAc), 1.98 (m, H3ax), 2.00 (s, 3H, 

OAc), 2.01 (s, 3H, OAc), 2.11 (s, 6H, OAc), 2.62 (dd, J = 12.8, 4.6 Hz, H3eq), 3.36 (m, 1H), 

3.64 (br s, 2H), 3.78 (m, 1H), 4.07 (m, 3H), 4.30 (dd, J = 12.4, 2.4 Hz, 1H), 4.83 (m, 1H), 

5.2{) (s, 2H), 5.3 (m, 4H), 7.35 (s, 5H). 13C NMR (62.5 MHz, CDC13) ~ 170.8, 170.7, 170.3, 

170.2, 170.1, 167.7, 134.7, 128.7, 128.6, 128.4, 98.7, 72.7, 68.9, 68.7, 67.9, 67.2, 66.6, 

62.4, 61.5, 49.2, 37.9, 23.1, 21.1, 20.8, 20.7. 1R ( CDCI3, cm -l) 3356, 2961, 1747, 1666, 

1549, 1456, 1371, 1226, 1128, 1{)72, 1041. FABMS m,/z calcd for C28H37NO14: 611.2214, 

found 612.2322 (M+H+). 
Glycolyl-S-acetamido-4,7,8,9-tetra-O.acetyl-3,5-dideoxy-[3-o.manno,2. 

nonulopyranosid)spirocyclic lactone (12): Compound 11 (35 mg, 0.057 mmol, 1 eq.) 

was dissolved in absolute MeOH (2 mL) and NaOMe (40 rag) was added. After stirring for 3h, 
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the reaction was concentrated to remove the methanol. The residue was dissolved in H20 (3 mL) 

and KOH (15 mg) was added. After stirring for an additional lh, the reaction was carefully 

acidified with Dowex-50 H + resin and filtered. The filtrate was concentrated and pyridine (8 mL) 

was added followed by acetic anhydride (1.5 mL). The reaction was stirred overnight before being 

azeotroped with toluene. EtOAc was added and the reaction was cooled to 0°C and MeOH was 

added. Alter stirring for ~2h, the reaction was acidified with Dowex-50 H + resin and filtered. 

The filtrate was concentrated and the residue was purified by flash column (7:3, benzene/acetone) 

to give 14 mg (47%) of 12 (Rf= 0.25). 

Data for 12: [aiD = -70.0 ( 0.2, CH2C12). IH NMR (250 MHz, CDCI3) ~ 1.87 (t, J = 13.3 Hz, 

H3ax), 1.89 (s, 3H, NAc), 2.02 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.15 (s, 

3H, OAc), 2.39 (dd, J =13.5, 5.8 Hz, H3eq), 3.82 (m, 1H, lactone H), 4.01 (m, 2H, H6, Hg), 

4.23 (m, 2H, H5, Hg), 4.45 (m, 3H, lactone H's), 5.34 (m, 3H, NH, H7, H8), 5.54 (m, 1H, 

H4). 13C NMR (62.5 MHz, CDC13)6 170.8, 170.5, 170.3, 170.2, 169.7, 164.2, 95.9, 72.3, 

69.7, 68.5, 67.8, 66.6, 62.4, 58.4, 49.0, 37.8, 23.1, 20.8, 20.7. FABMS m/z calcd for 

C21H29013N: 503.1639, found 5(14.1712 (M+H+). 

Ethylglycinyl.(Benzoyl-5.acetamido- 7,8,9-tri.O-benzoyl-3,5-dideoxy-fl.D-raanno- 
2-nonulopyranosid)amide (13). The 1,4 lactone (5) (200 mg, 0.282 mmol) was dissolved 

in 10 mL of dimethyl sulfoxide-d6 and glycine ethyl ester hydrochloride (139 mg, 0.865 mmol) 

and DMAP (116 mg, 0.950 mmol) were added to the solution. The reaction mixture was allowed 

to stir at 100 °C for one week under argon. The reaction was monitored by IH NMR on a AM 250 

Bruker spectrophotometer. After seven days the product was poured into distilled water and 

extracted with ethyl acetate. The ethyl acetate extract was evaporated in vacuo to a dark brown 

syrup. The syrupy residue was purified by column chromatography (ethyl acetate:methanol) 

stepwise elution from 100:0 to 95:5. The first eluate washed away the impurities and remaining 

starting material. The second eluate was evaporated in vacuo to give 59 mg (26%) of 13 

(R f=0.36). 

Data for 13: [a id  +0.08 (c 2.0x103, CHCI3); 1H NMR (250MHz, CDC13) ~i 1.27 (t, J =  7.1 Hz 

3H, CH3), 1.98 (s, 3H, Ac), 3.82 (dd, J =17.9, 8.0 Hz, HS), 4.12 (apparent d, J =5.8Hz, 2H, 

glycine CH2),  4.23-4.17 (m, H4, CH2), 4.46 (dd, J = 12.3, 7.2 Hz, H9), 4.58 (d, J = 2.7 Hz, 

H6), 4.86 (dd, J = 9.8, 2.7 Hz, HT), 4.93 (dd, J = 12.3, 2.8 Hz, H9'), 6.01-5.95 (m, H8 & NH), 

8.08-7.38 (m, 15 phenyl H's). 13C NMR (75MHz, CDC13)8 171.9, 169.8, 169.4, 166.3, 

166.1, 165.3, 161.6, 145.1, 133.6, 133.5, 133.2, 133.1, 129.9, 129.9, 129.7, 129.6, 129.3, 

128.9, 128.8, 128.5, 128.2, 109.9, 70.1, 69.0, 66.7, 63.5, 61,3, 60.3, 51.0, 41.2, 29.6, 23.0, 

20.9. FABMS m/z calcd for C43H42OI4N2 810.2636, found 833.2543 (M + Na). 

Ethylglycinyl-(Methyl-5-acetamido- 7,8,9,tri.O-benzoyl.3,5-dideoxy.fl.D,manno- 

2,nonulopyranosid)amide (14): The 1,4 lactone 8 (100 mg, 0.16 mmol) was dissolved in 5 
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mL of dimethyl sulfoxide-d6 and glycine ethyl ester hydrochloride (33 mg, 0.243 mmol) and 

dimethylaminopyridine (30 mg, 0.248 mmol) were added to the solution. The reaction mixture 

was allowed to stir at 100°C for 9 days under argon when NMR showed quantitative conversion. 

The product was poured into distilled water and extracted with ethyl acetate. The ethyl acetate 

exu'act was evaporated in vacuo to a dark brown syrup. The residue was separated and purified by 

silica gel column chromatography using ethyl acetate:methanol gradient (100:0 to 95:5) as eluent to 

give 40 mg (34%) of 14 (Rf=0.32). 

Data for 14: [Ct]D +0.09 ° (c 2.6, CHC13). 1H NMR (250MHz, CDC13) 51.27 (t, J = 7.2 Hz 

3H, CH3), 1.57 (apparent t, J =12.4 Hz, H3ax), 1.98 (s, 3H, Ac), 2.56 (dd, J =13.3, 4.7 Hz, 

H3eq), 3.07 (s, 3H, OMe), 3.56 (dd, J =18.6, 10.0Hz, H5), 4.06 (apparent t, J =4.6 Hz, 2H, 

glycine CH2),  4.21 (d, J =4.7 Hz, H4), 4.21 (q, J =7.1 Hz, 2H, CH2), 4.33 (d, J = 4.3 Hz, 

H6), 4.51 (dd, J = 12.7, 5.2 Hz, H9), 5.01 (dd, J = 12.7, 2.1 Hz, H9'), 5.81 (d, J = 5.2 Hz, 

H8), 5.81 (s, H7), 5.86 (d, J = 10.0 Hz, NH), 8.10-7.23 (m, 15 phenyl H's). I3C NMR 

(75MHz, CDCI3)5171.7, 169.3, 168.0, 166.2, 166.0, 165.6, 133.8, 133.69, 133.3, 130.2, 

129.8, 129.7, 129.4, 129.2, 128.7, 128.6, 128.4, 100.0, 70.8, 70.5, 69.5, 67.1, 62.9, 61.6, 

54.(I, 51.1, 41.2, 40.2, 29.7, 23.5, 14.2. FABMS m/z calcd for C37H40013N2 720.2530, 

found: 743.2412 (M + Na). 

Glycinyl-(Methyl-5-acetamido-3,5-dideoxy-fl-D-manno.2.nonulopyranosid) 

amide(15): To a solution of 14 (40 mg, 0.07 mmol) in anhydrous MeOH (20 mL), Amberlite 

IRA 4(X) (OH-) ion exchange resin was added. The mixture was stirred at room temperature for 4 

h. The resin was filtet~ed and washed with methanol. The filtrate and washings were combined 

and evaporated in vacuo to give a yellow solid. The material was taken up in 0.06N NaOH (5 mL) 

and stin'ed at room temperature for 3 hours, after which the pH of the mixture was adjusted to 4.0 

with Dowex-H + resin. The Dowex resin was filtered off, and distilled water (25 mL) was then 

poured into the reaction flask, and the mixture was extracted with ethyl acetate (25mL x 5). The 

aqueous layer was collected and lyophilized overnight to a white powder (12 mg, 45% yield). 

Data for 15:[~]D -0.16 ° (c 1.3x103, H20 ). IH NMR( 500MHz, D20) 51.54 (apparent t, J = 

12.6 Hz, H3ax), 1.89 (s, 3H, Ac), 2.20 (dd, J =12.6, 5.0 Hz, H3eq), 3.07 (s, 3H, OMe), 3.45 (d, 

J =9.5 Hz, H7), 3.51 (dd, J =12.1, 5.6 Hz, Hg), 3.67 (dd, J =12.1, 1.9 Hz, H9,), 3.73-3.70 (m, 

HS), 3.76 (apparent d, J = 8.1 Hz, 2H, glycine CH2), 3.90-3.86 (m, H4, HS, H6). 13C NMR 

(62.5MHz, D20) 5171.5, 169.5, 168.1, 95.9, 67.3, 66.4, 64.6, 63.2, 60.0, 48.5, 47.2, 37.6, 

36.2, 18.7. FABMS m/z calcd for CI4H24OIoN2 380.1431, found 381.1508 (M + H+). 

Ethylglycinly(glycolyl-5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-di-deoxy-~-D. 

manno-2-nonulopyranosid)amide(16): The spirolactone 12 (50 mg, 0.1 mmol, 1 eq.) was 

dissolved in pyridine (3 mL) under argon and glycine ethyl ester hydrochloride (56 mg, 0.4 mmol, 

4 eq.) and diisopropylethylamine (150 laL, 0.86 mmol, 8.6 eq.) were added. The reaction was 
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heated to 120°C (oil bath temperature) and kept at this temperature for 72h. At the end of this time, 

TLC indicated that s.m. was present along with a lower Rf spot. The reaction was diluted with 

CH2C12 and washed with H20. It was then washed with brine, dried with MgSO4 and 

concentrated. The residue was first eluted with 100% EtOAc to recover 12 (25 mg, 50%) and then 

with 5% MeOH/EtOAc to recover 16 (12 mg, 20%). 

Data for 16: IH NMR (250 MHz, CDC13) 8 1.28 (t, J = 7.05 Hz, OCH2CH3), 1.86 (s, 3H, 

NAc), 2.00 (t, H3ax), 2.01 (s, 3H, OAc), 2.02 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.14 (s, 3H, 

OAc), 2.34 (br s, OH), 2.49 (dd, J = 12.9, 5.25 Hz, H3eq), 3.78 (s, 4H, OCH2CH2OH), 3.87 

(m, 2H, H 6, H9), 4.19 (m, 4H, OCH2CH3, HS, HT), 4.32 (m, 1H, H8), 4.76 (d, J = 11.7 Hz, 

Hg), 5.22 (m, H4), 5.31 (br s, NCH2CO2Et), 5.47 (d, J = 10.0 Hz, NHAc), 7.69 (t, 

CONHCH2).  13C NMR (62.5 MHz, CDC13) ~ 171.9, 170.9, 170.5, 170.1, 169.9, 169.6, 

168.5, 99.1, 73.6, 70.8, 69.6, 68.4, 65.9, 65.7, 63.3, 61.6, 49.1, 40.8, 35.3, 23.2, 20.9, 20.8, 

14.1. HRMS (CI/methane) calcd for C24H38OIsN2 m/z 607.63, found 607.20. 

Glycinly(glycolyl-5-acetamido-3,5-di-deoxy.fl-D-manno-2-nonulopyranosid) 

amide(17): The substrate 16 (12 mg, 0.02 mmol0 1 eq.) was dissolved in MeOH (5 mL) and 

NaOMe (10 mg) was added. The reaction was stirred overnight before being acidified with 

Dowex-50 H + resin and filtered. The residue was dissolved in H20 and NaOH was added. After 

stirring at r.t. for ~7h, the reaction was neutralized with Dowex-50 H + resin by filtration. The 

residue was purified by chromatography using P-2 gel to give 6 mg (70%) of 17 (Rf = 0.54, 7:3 

n-PrOH/H20). 

IH NMR (250 MHz, D20) 8 1.59 (t, J = 11.75 Hz, H3ax), 1.81 (s, 3H, NAc), 2.53 (dd, J = 

12.75, 4.37 Hz, H3eq), 3.38-3.72 (m, 13 H). 13C NMR (62.5 MHz, D20) indicates mixture of 

rotamers- ~5 174.9, 171.2, 170.2, 169.2, 99.4, 99.3, 73.2, 73.1, 70.9, 70.7, 67.6, 67.0, 66.9, 

64.9, 62.8, 60.3, 52.7, 51.5, 51.4, 47.9, 42.9, 40.8, 38.3, 38.1, 21.9. 
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