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We have earlier described the synthesis ofsevera1 relatives of %acetamido-2,6-an- 
hydro-3,5-dideoxy-D-g~~.ceru-D-ga/acto-non-2-enonic acid (“2,3-dehydro-NeuAc”)** 
that are transition-state analogs for Al-throbacter sialophihrs neuraminidasel --5. 
These incIuded 5-acetamido-2,6-anhydro-3,5-dideoxy-D-gi~cero-D-tala-non-2-enonic 
acid (“2,3-dehydro-4-epi-NeuAc“)’ and S-acetamido-2,6-anhydro-3,5-dideoxy-D- 

nzmuzo-non-Zen-a-ulosonic acid (“2~3-dehydro-+keto-NeuAc”)‘. 
In a continuing effort to prepare mechanism-based affinity-!abeIs for neur- 

aminidase, these glycals were per-U-acetylated, and the acetates treated with stannic 
chloride or boron trifluoride etherate in the presence of nucleophiles, conditions that 
have been wideiy used for the synthesis of giycosidesj-“. But, in contrast, ketosides 
of jV-acetylneuraminic acid were not generated. The major reaction-products were 
found to be I>-methyl-(methyl 7,S,9-tri-O-aceTyl-2,6-anhydro-3,5-dideoxy-D-g~~cet-o- 
D-ta/o-non-2-enonate)-[4,5-d]-2-oxazoline (3) (earlier found on treatment’ of methyl 
N-acetylneuraminate with acetic anhydride plus sulfuric acid) and methyl S-acet- 
amido-7,S,Ptri-O-acetyI-2,6-anhydro-3.5-dideoxy-D-gI~ceru-D-ta/o-non-2-enonate (4). 
A rationale to account for the nonformation of glycosides but, instead, of 3 and 4 

is presented. 

RESULTS AND DJSCLJSSION 

Reaction of either 1 or 2 with boron trifluoride etherate and methanol for 2G h 
at 25 o gave 3 in 85 o/0 yieId (see Scheme l)_ The reaction mi.xture was resolved by l.c. 
on a column of Partisil-10 silica gel with ethyl acetate as the solvent. The IOO-MHz, 

*Part 3 of a series on “Synthesis of G!ycaI Antagonists of Neuraminidase”. For Part 2, see ref. 1. 
**Convenient, but technically incorrect, semitrivial names commonly employed in the past for this 
compound in&de “2,3-dehydro-AcNeu” and “Neu-2-ene-S-A?‘. 
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‘H-n.m.r. spectrum of compound 3 was identical to that reported for 3 formed in 
low yield from methyl fV-acetylneuraminate by treatment with acetic anhydride- 

sulfuric acid”. The 13C-n.m.r. spectrum of 3, Z aiven here, is also consistent with the 

structure depicted. 

Scheme 1. 

BF,-Et?O. 
MeOH 

Treatment of 1 or 2 with stannic chloride in ethanol for 6 h at 25” also gave 3 

cg-*o * 3 “ vield). However, when the acid in the reaction mixture was stowly neutralized 

by the addition of sodium hjrdrogencarbonate, a second product, namely, 4, was 

isolated. As 4 (yield 20-30y0) was not formed when boron trifluoride was used a~ the 

Lewis acid, it appears probable that it WZLS generated by hydrolysis of 3 during 

processing of the aqueous reaction-mixture_ In conformity with this hypothesis, 4 

was independently prepared from 3 by treatment with a mineral acid. The structure 
a.ssi_gned to 4 is based on its IOO-MHz, ‘H-n.m.r. spectrum, which exhibits a 4- 
hydroxyl proton as a broad doublet at 6 6.50 (JS,OH = J3,$ = 6 Hz), exchanged with 

deuterium on addition of D1O, and an alkenic proton on C-3 as a doublet at b 6.25 

(J3.s -6 Hz); and also ou the presence of chemical shifts at 61.64 (C-4) and 110.38 
p-p-m. (C-3) in its 13C-n.m.r. spectrum. That 4 contains a free hydroxyl group in the 
axid orientation was confirmed by its acetylation with acetic anhydride-pyridine to 

yield 2. Furthermore, 0-deacetylation of 4 with sodium metho,xide in anhydrous 

methanol gave “2,3-dehydro-Pepi-NeuAc methyl ester‘-, thereby confirming the 
r-golycero configuration of C-4. Compound 3 was also prepared, in identical yield, 
from an unresolved mixture of 1 and 2_ 

The generation of glycosides by the reaction of per-0-acetyIated glycaIs with 

nucleophiles in the presence of a Lewis acid has been extensively studied5-‘3. The 

initial step in the formation of 3 is similar to that postulated by Grynkiewicz et a[.I’, 

and involves the formation of the ally1 cation from either 1 or 2. However, 1 and 2 
differ from the gtycals usually studied (~-glucaI~- 7 or D-gafactat7*12), in that the 

former possess a Sacetamido and a 2-methoxycarbonyl group. Thus, failure to 

detect glycosides on treatment of per-0-acetylated “2,3-dehydro-NeuAc” methyl 

ester with Lewis acids may, therefore, be primarily due to intrar~olecular attack of 
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the 5-acetamido function on the ally1 cation, to generate the oxazolinium ion, which, 
on loss of a proton, yields 3. Zt is conceivable that the findings described here for the 

attempted synthesis of Neu.4c ketosides will be analogously encountered with other 

acetamido per-O-acetylated @ycals. 

EXPERIMENTAL 

Getreral methods. - MeIting points were determined with a Thomas-Hoover, 
capillary melting-point apparatus and are uncorrected. Optical rotations were 

measured with a Perkin-Elmer Mode1 141 automatic polarimeter. Acetyiated com- 
pounds were routinely purified by l.c. with a Perkin-Elmer 2/2 chromatograph and 
a column of Whatman Partisii-10 silica gel, with ethyl acetateas thesolvent. Deacetyla- 
tion was performed with sodium methoxide in methanol, and the reaction mixture 
was purified by l.c. in a reverse-phase column of Whatman Partisil-lO-ODS3, with 
water as the eluant. Silica g-eel P.F. 254 (E. Merck) was used for t.l.c., and compounds 
were detected either by their U.V. absorption at 254 nm, or by charring at 110” with 
10 y0 concentrated sulfuric acid in ethanol. MicroanaIyses were performed by Micro- 
Analysis, Inc., P-0. Box 5055, Wilmington, DE 19808, or by Galbraith Laboratories, 
Inc., P-0. Box 41S7, KnoxviIIe, TN 37921. ‘H-N.m.r. spectra were recorded with 
Varian A-60 and XL-100 spectrometers, and 13C-n.m.r. spectra, at a frequency of 
25.5 MHz, with 3 Varian XL-100 spectrometer. For ‘H-n.m.r. spectra, the chemical 
shifts are expressed in 6 values relative either to internal tetramethylsilane or sodium 
$,4-dimethyl_Psilapentane-1-sulfonate. For ‘3C-n.m.r. spectra, the chemical shifts 
are expressed in p-pm. relative to internal sodium 4,4-dimethyl_Psilapentane-I- 

sulfonate. Mass spectra were recorded with a Finnegan-WOO, GC/MS apparatus. 
2-i~~er~~~~-(r?ler~l~.~ 7,8,9-ti-~-O-acet_&l-L, 7 6-arzhydro-3,5-dideosy-D-glycero-D-talo- 

mtz-2-erzonate)-[4,5-d]-?- o\a-o ilze - - i 1 (3) atId merlzyl Pacetanzido-7,8,9-tri-0-acetyl- 
2,6-anlrl_dro-3,5-dideo_~~-D-glyCero-D-talo-nol2-2-enonate (4). - A solution of 1 plus 
2 (1 .O g, 2.11 mmol) and dry ethanol (0.195 g, 4.24 mmol) in 1,tdichloroethane 
(25 mL) was stirred at 25”, and anhydrous stannic chloride (1 mL) was slowly added. 
Absence of starting ,materiaI after 6 h was revealed by t-1-c. (ethyl acetate, or 9: 1 

chloroform-methanol). The brown solution was made neutral with saturated, aqueous 
sodium hydrogencarbonate solution, chloroform was added, and the organic layer 
was washed with saturated brine, dried (anhydrous sodium sulfate), and evaporated, 
to give crude product (0.75 g); t.1.c. indicated two major products, 3 and 4, and 
severaI, unidentified, minor products_ The mixture was resolved by l.c. in 3 semi- 
preparative column of silica gel (ethyl acetate). The major product crystallized from 
1: I ethyl acetate-hexane, to give 3, 0.540 g (63%); m.p. 82-83”, [rw]:’ - 13.45” 
(c 1.1, chloroform)_ Its i-r., ‘H-n.m.r., and mass spectra were reported earlier’; 
13C-n.m.r. (CDCI,): 171.06, 170.28, 170.10 (OAc), 167.66 (C=N), 162.41 (C-l), 
147.75 (C-2), 108.00 (C-3), 77-25 (C-6), 72.64, 70.80, and 69.50 (C-7,8,9), 62.59 and 

62.41 (C-4,5), 52.80 (CO-0-CH&, 21.00 and 20.88 (CO-CH,), and 14.35 p_p.m. 
(N-CH,). 
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The formation of a second product, 4, was dependent on the processing em- 

ployed. On neutralization of acid by the slow addition of sodium hydrogencarbonate, 
variable amounts of 4 (X-30 9:) were obtained_ If, however, the reaction mixture was 
rapidly mixed with the base, compound 4 was not observed_ Compound 4 was 
isolated. and crystallized from 1 : 1 chloroform-hexane, to give 0.165 g (22”/,); 
m-p. 101-103°, [x]:~ -34.14” (c l-4 chloroform); ms. (c-i., isobutane): m/z 432 

(M -i- I)‘; ‘H-n-m-r. (100 ni IHz, CDCI,): 6 6.5 (bd, JasOH -6.0 Hz, OH4), 6.25 

(d. J3.s -6.0 Hz, H-3), 5.48 (bd, J7_8 -5.0, J6_i -03 Hz, H-7), 5.30 (m, JL(,93 

- 6.0, Js.w -22.0 Hz. H-S). 4.SO (dd, Jgawgb - 12.0 Hz, H-9a), 4.25 (m, H4,5,6,9b), 
3.SO (s. -OCH,). 2_:0 (ms. 3 OAc), and 1.95 (s, NHCOCH,): ‘3C-n.nl.r. (CDCl,); 
175.18. 170X (3 OAc and NHAc), 162.85 (C-l), 145.44 (C-2): 110.35 (C-3), 73.46 

(C-6). 72.35, 65.61, 62.76 (C-7&9), 61.64 (C-4), 52.77 (CO-OCH,), 47.05 (C-5), 
23.35 (NHCOCH& and 2i.0 p-p-m_ (OCOCH3). 

&vz/. Calc. for C18HajNOI, - H1O: C, 48.10; H, 6.01; N, 3.12. Found: C, 48.43; 
H, 6.13: N, 3.06. 

Compounds 3 and 4 could also be prepared directly from either 1 (0.152 g, 

0.32 mmol) or 2 (0.160 g, 338 pmol), as described for their mixture. The products 
3 (yield. -60%) and 3 (yield, - 25 %) had appropriate ‘H-n-m-r., ‘3C-n_m_r., and 

i-r. spectra, and, in t_l.c., exhibited R, values coincident with those of the authentic 

compounds. 
Acet_yintion of 4 to met/y/ 5acetanrido-4,7,8,9-tetra-O-acet)-l-2,6-anh_u-ho-3,5- 

ciideo_Y_V-D-glycero-D-talo-non-’-enorrate (2). - To a solution of 4 (50 mg, 126 pmol) 
in dry pyridine (2 mL) was added acetic anhydride (0.6 mL), and the mixture was 

stirred for 18 h at 25”, evaporated under diminished pressure, and the residueextracted 
with chloroform. Evaporation of the extract, and crystallization of the residue from 
1 I 1 chloroform-hexane , gave 2, 42 mg (79%); m-p. 95-97”, [z-j:!’ -121.0” (c 1.0, 
chloroform); m-s. (c-i., isobutane): m/1474 (M f 1)‘; I$,!: 1740 (OAc and COOCH,) 
and 1690 cm- 1 (Amide I); ‘H-n.m.r. (100 MHz; CDCI,): 6 6.20 (d, J3,& -6.0 Hz, 

H-3), 5.60 (bd, Jj.,n - 10.0 Hz, NH), 5.50 (dd, J,,8 -55.0, Jes7 -22.0 Hz, H-7), 

5.30 (m, Js,9J -6.0, Jspgb -22.0 Hz, H-S), 5.1s (dd, Jxs4 -6.0, Jj,5 -4.0 Hz, H4), 

4.79 (dd, J~..gt, - 12.0 Hz, H-9a), 4.55 (dd, Jsv6 - 10.0 Hz, H-5), 4.30 (H-9b), 4.15 
(H-6), 3.50 (s, OCH,), 2.10 (ms, 4 OAc), and 1.95 (s, NHCOCH,); ‘3C-n.m.r. 
(CDCI,): 170.79, 170.44, 170.08, 169.90, 169.55 (4 OAc and NHCOCH,), 162.03 
(C-l), 146.72 (C-Z), 106.20 (C-3), 74.19 (C-6), 72.11, 68.11, 65.07 (C-7,8,9), 62.41 
(C4), 52.62 (CO,CH,), 44.57 (C-5), 23.18 (NHCOCH,), and 20.92, 20.75 p.p_m. 
(OCOCH,). 

Anal. Cab. for CzoH2,NO12 - 0.5 H,O: C, 49.74; H, 5.85; N, 2.90. Found: 
C, 49.55; H, 6.09; N, 2.92. 

For comparative purposes, 2 was alternatively prepared by acetylation of2 
“methyl 2,3-dehydr0-Cepi-N-acetylneuraminate”. The t.l.c., and the i-r., ‘H-n.m.r., 

and ‘3C-n.m.r. spectra were identical to those just reported for compound 2. 
ff_+o1~si,r of oxazoiine 3 to 4. - To a solution of 3 (0.11 g, 266 pmol) in 

ethyl acetate (2 -mL) were added water (2-3 drops) and acetic acid (1 drop), and the 
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mixture was stirred for 72 h at 25”; t.1.c. (ethyl acetate) then indicated the absence- 
of starting material. The solvent was evaporated under diminished pressure, the 

residue extracted with chloroform, and the extract washed with water, dried (an- 
hydrous sodium sulfate), and evaporated, to afford crude product which was resolved 
by IX. in a semi-preparative column of silica gel (ethyl acetate), to give 4, 0.101 g 

(85 %)- 
Treatnzent of 1 plus 2 wi?h boron trlfl:roride etherate. - To a solution of 1 

plus 2 (0.473 g, 1 mmol) in dry benzene (20 mL) were added dry methanol (40 mg, 
1.25 mmol) and boron trifluoride etherate (1 mL). The mixture was stirred for 20 h 
at 25O, whereupon analysis by t.1.c. (ethyl acetate) revealed only a small amount of 
starting material. After neutralization of the acid with sodicm hydrogencarbonate, 

and addition of benzene, the benzene layer was separated, successively washed with 
water and saturated salt solution, dried, and evaporated. The crude products were 

separated in a semi-preparative column of Whatman Partisil-10 (ethyl acetate), to 
yield 3, 0.362 g (87 %). The second product, 4, was present on!y in traces under these 
reaction conditions. 
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