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An ideal spin-~ab~~~ed sugar sboufd resemble very closely its natural con- 
geners, be sufficientfy stable, and give e.s.r. spectra offering usable information on 
the sugar and its environment. ~eo~yhydroxyam~no sugars approach this goal, hut 

a drawback is their relatively short half-life. 
We now describe the preparation and spectral properties of examples of such 

sugars spin-‘tabelled on C-4. Some of these compounds have been described in a 
preiiminary reportl. 

The oxime 2 was obtained in 80% yield from the known2 keto derivative 1 as 
an unresolvable 4: 1 E,Z mixture, acetylation of which gave the 0acetylated E- 
oxime 3. A slightly rnod~~ed classical procedure3 using sodium ~yanoborobydr~d~ 
was used to reduce 2 to the hydroxyamino stage. Careful control of the pH (op- 
timum value 3) was necessary. The deoxyhydroxyamino sugar derivatives 4 and 5 
were obtained (combined yield of 84%) ia the ratio 7:9 and isolated by chromatog- 
raphy. Each compound existed in an almost pure Y1 eo~forma~ion and the estab- 
lishment of the configurations by lH-n.m.r. spectroscopy was straightforward. In 
the 13C-n.m.r. spectra, the carbon atoms bearing the hydroxyamino group were 
Iess deshjelded than any of the other carbon atoms of the sugar ring. ‘Their 6 values 
were slightly different (4, 61.90; 5, 61.55). 

1 x=0 4 R=R’=H 5 R=K’=H 
2 X=NOH 6 R=H.R’=& 7 R=H,R’=Bz 
3 X=NOAc 9 R=H,R’=Ac 8 R=R’=Bz 

10 R=R’=Ac 11 R=H,R'=Aa 

‘Author for correspondence. 
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Acylation of 4 and 5 resulted mainly in 0-acyiation, although N,O-diacyla- 
tion occurred in some instances. Thus, benzoylation of 4 gave exclusively 6 (74%), 
whereas 5 gave 7 ~80%) and 8 (15%). In contrast, 4 gave a mixture of the 
monoacetylat~d derivative 9 (47%) and the N, 0-diacetylated 10 (24%), whereas 5 
gave exclusively 11 (93%). 

‘The e.s.r. spectra of 4 and 5 showed the same hyperfine coupling with N and 
H’N (both 12 G), but different values were noted for a,, (2.1 and 4.7 G, respec- 
tively); one extra long-range coupling of 1.2 G with a hydrogen atom was present 
in the spectrum of 5. These significant differences in the spectra of 4 and 5 con- 
firmed the sensitivity of e.s.r. to configurational changes4. 

Chemical intuition and examination of molecular models indicated that, in 
the &co epimer, the equatorial nitroxyl group flanked by two equatorial BzO 
groups should prefer a conformation where the nitroxyl plane eclipses the H-4 bond 

(aH -0, whereas, in the galacto epimer, the axial nitroxyl should be free to rotate 
and to adopt other conformations leading to larger an coupling constants. 

In order to obtain a more precise picture of the phenomenon, the model 
compounds methyl 2,3,6-tri-O-benzoyl-4-C-formyl-rr-D-gluco- and -galacto- 
pyranosides, isosteres of 4 and 5, respectively, were submitted to a molecular 
mechanics treatment using CHARMms and the visualization and conformational 
search routines of QUANTA. For the gluco epimer, a grid scan indicated a unique 
almost eclipsed conformation, whereas, for the galacta compound, the E = f(d) 
curve showed several minima, the global one corresponding to a dihedral angle 
(H-4--C-4-C-4’-H-4’) of - 145”. Use of other algorithms, such as random sampling 
and Boltzmann jump, confirmed the previous results. Even though these methods 
have some Iimitations associated, for example, with the fact that geometrical eon- 
strain& have to be applied to some important groups in order to avoid the genera- 
tion of unnatural bond angles during the energy minimization, they give a reliable 
qualitative picture and constitute a considerable improvement over the manua1 
manipulation of molecular models. 

EXPERIMENTAL 

General methods. - See ref. 6. Optical rotations were obtained for solutions 
in chloroform. Column chromatography was conducted with silica gel (Merck) 70- 
230 mesh. 

Methyl 2,3,6-tri-O-benzoyl-4-deoxy-#-hydroxyimino-~-D-xylo-hexopyranos- 
ide (2). - A solution of 1 (1.13 g, 2.24 mmol) and hydroxylamine hydrochloride 
(1.0 g, 14.4 mmol) in ethanol (15 mL) and pyridine (3 mL) was stirred for 2 h at 
20”, then extracted with dic~oromethane (200 mL). Column chromatography (di- 
chloromethan~thyl acetate 2O:l) of the material in the extract gave 2 (0.93 g, 
80%), m.p. 66.8--68.7”, [LY]~~ +178” (c 1.1); s$$$! 3400 (OH) and 1700-1740 (C=O) 
cm-‘. *H-N.m.r. data (200 MHz, CDCI,): E-isomer: S 3.49 (s, 3 H, OMe), 4.71 

(dd, 1 I-E, Jea,6b 12, f5,61 3 Hz, I-I&a), 4.97 (dd, 1 H, J5,6b 6 Hz, H-6b), 5.29 (d, 1 H, 
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J,,, 3.5 Hz, H-l), 5.37 (dd, 1 H, H-5), 5.64 (dd, 1 H, J,, 5.5 Hz, H-2), 6.27 (d, 1 
H, H-3), 7.25-8.20 (m, 15 H, 3 Ph), and 9.20 (bs, I H, NOW); Z-isomer: S 3.52 (s, 
3 H, OMe), 4.71 (dd, 1 H, H-fia), 4.95 (dd, 1 H, Ji,6b 4, .7sa,s,, 12 Hz, H&b), 5.21 
(d, 1 H, J,,* 3.5 Hz, H-l), 5.37 (m, 1 H, H-5), 5.65 (dd, 1 H, J2,3 8 Hz, H-2), 6.70 
(d, 1 H, H-3), 7.25-8.20 (m, 15 H, 3 Ph), and 8.48 (bs, 1 H, NOH). Mass spectrum: 
m/z 397 (0.3%, [Mt - BzOH]), 382 (0.2), 368 (0.3), 354 (U.2), 328 (I), 284 (l), 
256 (l), 245 (0.8), 231 (0.8), 216 (4) 205 (l), 18.5 (1) 174 (2). 155 (3), 142 (IO), 122 
(29), 105 (100) 77 (47) 69 (14), and 57 (25). 

Anal. Caic. for C,.H,,NO, (519.51): C, 64.74; H, 4.85; N, 2.70. Found: C, 
64.55; H, 4.69; N, 2.79. 

Methyl 4-ucetoxyimino-2,3, 6-tri-0-benzoyl-4-deoxy-a-D-xylo-hexopyranoside 
(3). - A solution of 2 (0.52 g, 1 mmol) in ether (4 rnL) and acetic anhydride (0.6 
mL, 6 mmol) was kept at 20” for 48 h, then extracted as usual. Column chromatog- 
raphy (hexane-ethyl acetate, 3:2) of the product gave 3 (0.46 g, 82%), m.p. 53.3- 
54,6”, fcr]g” +134”(c 1.1); ~$2; 1780-1720 (C--O) cm-r. ‘H-N.m.r. data (200 MHz, 
CDCI,): 6 2.18 (s, 3 H, OAc), 3.48 (s, 3 H, OMe), 4.82 (dd, 1 H, Js,6a 3, Jha,& 12 
Hz, H-6a), 4.93 (dd, 1 H, J,$, 7 Hz, H-Sb), 5.30 (m, 2. H, H-1,5), 5.54 (t, 1 H, J,,l 

J = 4 Hz, H-2), 6.21 (d, 1 H, H-3), 7.48 and 8.08 (2 m, 15 H, 3 Ph). Mass 
Ec&m: nz/z 397 (4%, [Mt - BzOH -- CH,COJ), 338 (I), 275 (I), 244(l), 
216((i), 105(100), 77 (22), and 51 (7). 

Anal. Calc, for C30H27N010 (561.55): C, 64.17; H, 4.85; N, 2.49. Found: C, 
64.27; H, 4.95; N, 2.43. 

Met~yi 2,3,6-&ri-O-bmzcryl-4-deoxy-4-hydroxyami~o-~-~-gZ~co~y~an~s~de 
(4). - A solution of 2 (0.78 g, 1.5 rnrno~~ and sodium cyanoborohydride (0.63 g, 
10 mmol) in methanol (15 mL) at room temperature was brought to pH 3 (Methyl 
Orange) with I : 1 6~ HCl-methanol. This same mixture was added continually to 
keep the pH at 3. After comptetion of the reaction, the mixture was concentrated 
and extracted (chloroform, 100 mL), and the extract was washed with water (3 x 
50 mL), dried (Na,SO,), and concentrated. Column chromatography (CN,CI,- 
AcOEt, 20: I) of the residue gave 5 (0.37 g, 47%) and 4 (0.29 g, 37%), m.p. 128.5- 
130.6”, [aJg” +llO”(cO.9); z$$3500 (OH) and 1730 (C=O) cm--‘. ‘H-N.m.r. data 
(200 MHz, CDClJ: 6 2.99 (t, 1 H, J3,4 = J4,s = 10.5 Hz, H-4), 3.45 (s, 3 H, OMe), 
4.66 (m, 2 H, H-5,6a), 4.90 (dd, 1 H, J5.6h 4.5, J6s,6b 13 Hz, H&b), 5.15 (d, 1 H, .I,, 
4 Hz, H-l), 5.35 and 5.68 (2 bs, 2 H, NH and NOH), 5.40 (dd, 1 H, J2,3 10.5 Hii 
H-2), 6.05 (t, 1 H, H-3), 7.48 and 8.08 (2 m, 15 H, 3 Ph); 13C (50 MHz, CDCI,): S 
55.40 (OMe), 61.90 (C-4), 63.48 (C-6), 66.41, 67.95, 72.20 (C-2,3,5), 97.16 (C-l), 
128.32, 128.40, 129.15, 129.27, 129.57, 129.80, 133.25 (Ar), 165.94, 166.60, and 
167.02 (C=O). Mass spectrum: m/z 489 (0.7%, [M* - MeOH]), 474 (O.l), 397 
(O.l), 367 (0.3), 342 (0.2), 313 (O.l), 262 {O.l), 234 (0.2) 214 (3) 201 (I), 191 (I}, 
1’76 (0.3) 149 (0.2) 122 (4), 105 (GOVE, 91 (4), 77 (26), and 51 (7). 

And Catc. for C&I,,NO, (521.53): C, 64.49; H, 5.22; N, 2.69. Found: C, 
64,54; H, 5.24; N, 2.82, 

Alethyl 2,3,6-tri-O-benzuyl-4-deoxyy4-hydroxyantino-cu-D-galacto~yraPlosid 
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(5). - Obtained as described under 4,s had m.p. 165.2--165.8”, [cr]bz +133” (c 1); 
VIE 3450 (OH) and 1720 (C=O) cm- *. ‘H-N.m.r. data (200 MHz, CDCI,): S 3.45 
(s, 3 H, OMe), 3.84 (bd, 1 H, J3,4 5, J4,5 1 Hz, H-4), 4.52 (bd, 1 H, H-5), 4.67 (dd, 

1 H, J5,6a 3, &a,Gb 12 Hz, H-6a), 4.81 (dd, 1 H, J,,, 9 Hz, H-hb), 5.25 (d, 1 H, H-l), 
5.58 (dd, 1 H, J,,, 3.5, & 11 Hz, H-2), 5.90 (dd, 1 H, H-3), 6.20 (bs, 2 H, NHOH), 
7.45 and 8.03 (2 m, 15 H, 3 Ph); i3C (50 MHz, CDCl,): S 55.14 (OMe), 61.55 (C-4)), 
65.02 (C-6), 67.86 (C-5), 69.26 (C-2,3), 97.15 (C-l), 128.30,129,10,129.22,129.53, 
129.75, 129.92, 132.91, 133.12, 133.26 (AT), 165.51, 165.83, and 166.24 (C=O). 
Mass spectrum: m/z 489 (O.l%, [Mi - MeOH]), 432 (O.l), 384 (O.l), 367 (0.3) 
338 (O.l), 313 (O.l), 264 (O.l), 245 (0.3), 234 (l), 216 (l), 202 (l), 191 (l), 178 (l), 
163 (0.3), 149 (O.l), 122 (6), 105 (lOO), 96 (l), 85 (4), 77 (29), and 51 (9). 

Anal. Calc. for C!,H,,NO, (521.53): C, 64.49; H, 5.22; N, 2.69. Found: C, 
64.26; H, 5.04; N, 2.88. 

methyl 2,3,6-t~‘-O-benzoyE-4-berazoy~oxy~m~no-4-deoxy-~-~-gl~copy~u~oside 

(6). - Compound 4 (0.23 g, 0.44 mmol) was treated in the usual manner with 
benzoyl chioride (0.1 mL, 0.86 mmoi) in pyridine (3 mL). Column chromatography 
(hexane-ethyl acxetate, 7:3) of the product gave 6 (0.20 g, 74%), m.p. 120.5- 
121.6”, [a]&2 +80” (c 1); I$$; 3250 (NH) and 1730 (C=O) cm-r. rH-N.m.r. data 
(200 MHz, CDCI,): 6 3.39 (s, 3 H, OMe), 3.52 (dt, 1 H, J4,5 10.5, J3,Q 10, J4,NH 2 
Hz, H-4), 4.41 (dt, 1 H, Js,aa 4, JS6b 3 Hz, H-S), 4.77 (dd, 1 H, J6a,6b 12.5 Hz, H-6a), 
4.81 (dd, 1 H, H-6b), 5.12 (d, 1 H, J,,, 3.5 Hz, H-l), 5.21 (dd, 1 H, J2,3 10 Hz, H-2), 
6.09 (t, 1 H, H-3), 7.40 and 7.95 (2 m, 20 H, 5 Ph), and 8.28 (d, 1 H, NH). Mass 
spectrum: m/z 333 (l%), 279 (l), 244 (l), 218 (I), 205 (3), 191 (l), 167 (4). I49 
(24), 122 {29), 105 (lOO), 77 (43), 69 (ll), and 57 (21). 

Anal. Calc. for C,,H,,NO,, (625.64): C, 67.19; H, 4.99; N, 2.24. Found: C, 
67.08; H, 5.16; N, 2.16. 

Methyl 2,3,6-tri-O-benzoyl-Q-benzyloxyamino-4-deoxy-ff-D-gff~acfo~yru~os~de 
(7). - Treatment of 5 (0.56 g, 1 mmol) with benzoyl chloride (0.14 mL, 1.2 mmol) 
in pyridine (5 mL) gave, after column chromatography (hexane-ethyl acetate, 7:3) 
of the product, 8 (0.11 g, 15%) and 7 (0.50,80%), m.p. 62.6-64.4”, [&]A4 +114” (c 
1.1); v::! 3250 (NH) and 1725 (C=O) cm-‘. ‘H-N.m.r. data (200 MHz, CDCl,): 6 
3.48 (s, 3 H, OMe), 4.02 (bdd, J3,4 5, J4.5 2, J4,NH 1 Hz, H-4), 4.61 (ddd, 1 H, ._& 
5, .i5,6b 8 Hz, H-5), 4.80 (dd, 1 H, J6a,6b 12.5 Hz, H-6a), 4.88 (dd, 1 H, H-6b), 5.35 
(d, 1 H, Jr,* 3.7 Hz, H-l), 5.70 (dd, 1 H, J2,3 11 Hz, H-2), 6.00 (dd, 1 H, H-3), 7.45 
and 8.05 (2 m, 20 H, 4 Ph), and 8.73 (bs, 1 H, NH). Mass spectrum: rptlz 503 
(0.1%) [Mt - BzOH]), 472 (O.l), 460 (O.l), 382 (0.2) 338 (2) 216 (3) 200 (1), 
138 (0.3), 122 (6), 105 (WI), 96 (1), and 77 (29). 

Anal. Calc. for C,,H,,NO,, (62564): C, 67.19; H, 4.99; N, 2.24. Found: C, 
67.38; H, 5.13; N, 2.37. 

Methyl 2,3,6-tri-O-benroyl-4-~-benzoyloxybenzamido)-4-deoxy-a-~-gulacto- 
pyranoside (8). - Obtained as described under 7, 8 had m.p. 84.5-86,1”, [o]b2 
- +115” (c 0.05); ~$2 1730 (C=O) cm- l. lH-N.m,r. data (200 MHz, CDCl,): S 
3.35 (s, 3 H, OMe), 4.68 (m, 1 H, H-5), 5.00 (m, 3 H, H-1,6,6), 5.40 (bs, 1 H, 
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H-4), 6.02 (m, 1 H, H-2), 6.22 (dd, 1 H, J3,J 4, & 10 Hz, H-3). 7.45 (m, 15 H, 3 
Ph), and 8.02 (m, IO H, 2 Ph). Mass spectrum: m/z 446 (3%), 359 (2)” 284 (2), 256 
(7), 167 (13), 149 (36), 122 (31), 105 (76), 69 (64), and S5 (100). 

And. Calc. for C,,H&IO,, (729.75): C, 69.13; H. 4.83; N, 1.92. Found: C, 
68.84; Ii, 5.11; N, 2.02. 

Merhyt 4-~~e~oxy~~z~n~-Z, 3,6-rri-O-bazzoyt-4-~e~xy-a-D-gl~icopyranosid (9). 
- ~reatrne~t of 4 (TXO mg, 0.34 mmof) with acetic anh~dr~de (2 mL) and pyrjdin~ 
(2 mL> gave, after column chromatography (hexane-ethyf acetate, 713) of the prod- 
uct, 10 (SO mg, 24%) and 9 (90 mg, 47S), m.p. 120.2-121.4”, [nJg3 4 159” (c I); 
~5;; 3250 (NH), 1800 and 1730 (C--O) cm-- I. W-N.m.r. data (200 MHz, CDCI,): 
62.10 (s, 3 H, OAc), 3.48 (dt, 1 H, J4,NU 2, IJ,h 10, J4.j 10.5 HZ, H-S), 3.50 (~7 3 H, 
OMe), 4.42 (dt, 1 H, Js,ha 4.5, J5,6h 3 Hz, H-5), 4.78 and 4.83 (m, 2 H, W6a,6b), 
5.20 {d, 1 H, J,., 4 Hz, H-l), 5.23 fdd, 1 H, J2,3 30 HZ, H-2), 6.07 (t, 1 H, H-3), 
7.45 and 8.05 (2 m, 25 H, 3 Ph), and 8.18 (d, I W, NH). Mass spectrum: m/z 472 
(2%, [Mi - AcOH - MeO]), 410 (l), 382 (21, 349 (11): 323 (11). 216 (451, t91 
(221, 149 (221, 122 (56), 105 ~100). 85 (34), and 77 (56). 

Anni. Cafe. for C,,H,,NQ,, (563.57): C, 63.94; H, 5.19; N. 2.49. Found: C, 
64.13; H, 5.32; N, 2.58, 

~e~~~~ 4-fN-ffcet~xy~cetawztdo)-2,3,6-tri-0-benzoy2-J-deoxy-Lu-D-gltlcopyra- 
noside (10). - Obtained as described for 9,X0 had m.p. 84.~85.6”, [a]&’ +125” (C 
0.7); I$$!; 1800 and 1730 (C=O) cm- ‘. ‘H-N.m.r. data (200 MHz, CDCI,): S 1.86 

(s, 3 H, Ac), 2.28 (s, 3 H, Ae), 4.18 (m, 1 H, H-S), 4.63 (dd, 1 H. JGJ6a,6b 12.5, ,Qea 
5 Hz, M-6a), 4.81 fbd, 1 H, JS,ttt, 2 Hz, N&b), 5.30 (n, X H, H-41, 5.20 (m, 2 H, 
H-1,2), 6.12 (t, 1 H, .& = 13.4 = 10 Hz, H-3>, 7.30 and X.20 (2 m, 15 H, 3 Ph). 
Mass spectrum: mfz 531 (I%, [M-t - CHzCO - MeOH]), 409 (I). 367 (11, 287 
(l>t 245 (I), 214 (3), 201 (f), 105 (loo), 96 fl), 77 (14), and 51 (2). 

Anal. Calc. for C,,H,,NO,, (605.50): C, 63.47; H, 5.16; N, 2.31. Found: C, 
63.65; H, 5.38; N, 2.22. 

Methyl 4-ucetc~xyaminu-2,3,6-rri-O-bcmzuyl-4-deuxy-a-n-galuctv~yra~z~~~ide 
(11). - Treatment of 5 (100 mg, 0.19 mmol) with acetic anhydride (2 mL) and 
pyridine (2 mL) gave, after column ~hromat~g~phy (dich~o~om~~hane~thy~ ace- 
tate, 20: 1) of the product, 11 (100 mg, 93%), m.p. 62.3-63.5”, [cY]$ i-127” (c 0.8); 
z$$; 3260 (NH), 1810 and 1740 (C=O) cm-‘. IH-N,m.r. data (200 MHz, CDCI,): 
S 1.95 (sl 3 H. OAc), 3.47 (s, 3 H, ONle), 3.88 (m, 1 H, & 4.5. J,,s 1.5, J,,.m 2.5 
Hz, H-d), 4.51 (dt, 1 H, Ja, 7, J.i.hh 5 Hz, H-5),4.66 (dd, 1 W, JhaVhh 11.5 Hz, H-fra), 
4.71 (dd, 1 H, H-6b). 5.25 (d. 1 H,J,,2 3.8 Hz, H-3), 5.64 fdd, 3 H,J,,, 11 Hz, H-2), 
5.92 (dd, 1 H, H-3), 7.45 and 8.05 (2 m, 15 H, 3 Ph), and 8.37 (bd, t H, NW). Mass 
spectrum: m/z 531 (0.3%, [M t - MeOH]), 489 (O.l), 409 (O.l), 367 (0.2), 338 
(0.3), 305 (O.l), 259 (0.3), 244 (0.8), 216 (0.8), 191 (I), 178 (0.6), 154 (0.5), 122 
(Fif, 105 (loo), 96 (0.6), 8.5 (3), 77 (29), and 51 (1). 

Anal. Calc. for C,HZUNO,, (563.57): C, 63.9d; F-i, 5.19; N, 2.49. Found: C, 
63.74; H, 5.03; N, 2,54. 
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